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PREFACE.

i elr—

THE present manual is written with the view of enabling
students to obtain a thorough knowledge of the practical
details of the best methods of treating Wounds. Tt is not,
however, intended in any way to be a substitute for the
larger works on Antiseptic Surgery ; for without a thorough
knowledge of the scientific basis of wound treatnent, of
its development as shown by its history, and of what it can
do, the best results are not likely to be obtained, nor can
.progress be made. In the introductory chapters I have
treated of matters which were not ripe for discussion when
my work on Antiseptic Surgery was written ; and thus I
hope that the two volumes will furnish the reader with
as complete a view of the subject as is possible at the

present time.

W. WaTsoN CHEYNE.

14 MANDEVILLE PLACE, MAXCHESTER SQUARE, W.

Juanuary 1885,
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ANTISEPTIC TREATMENT OF WOUNDS.

CHAPTER 1.
REPAIR AND DANGERS OF WOUNDS.

Processes of repair— Healing by first intention— Healing by seabbing—
Healing by granwlation—Healing by wnion of granvlations— Healing
by organisation of bloed-elovt—Comparison of course of simple and
compound fractures—Dangers which may follow wounds,

Ix order to carry out the treatment of wounds with intelligence,
it is essential to have clear ideas of the process of repair, of the
evils which may follow wounds, and of the cause of these evils,
The repair of injuries is well discussed in surgical text-books,
but in the present manual it is necessary for the sake of com-
pleteness to give a short sketch of the subject,

If an incision be made in a frog’s foot and the wounded
part observed under the microscope, it will be seen that the
layer in the immediate vicinity of the injury is in a state of
intense inflammation. In the immediate neighbourhood the
circulation is arrested and the movement of the pigment has
ceased. At the margin of the stasis the blood passes through
the capillaries slowly and with difficulty, while the blood-
vessels in the neighbourhood are dilated, and there is there in-
creased flow of blood. The inflammation goes on to exudation
of serum and migration of corpuscles, and then the process sub-
sides and repair commences. The same thing happens in the
case of wounds in man. The passage of the knife through the

B



2 ANTISEPTIC TREATMENT OF WOUNDS.

tissues sets up an intense inflammmation in a microscopic layer of
the whole surface of the wound. This results in the exudation
of liguor sanguinis which coagulates, and of white corpuscles
which become entangled in this coagulated liquor sanguinis ;
in other words, the surface of the wound becomes covered with
lymph. If no other iriitating cause comes into play the
inflammation does not go further : retrogression occurs ; blood
begins again teo flow freely in the capillaries in which the
circulation was previously interfered with ; the cells in the
lymph probably multiply and form fibrous tissue and new
blood-vessels; the coagulated liquor sanguinis is absorbed ;
from the rete mucosum at the edge new cells are formed by
budding, and thus the whole wounded surface becomes covered
with epithelium and converted into a scar, which gradually
shrinks and diminishes in vasenlarity. This process takes
place in healing by first intention, in healing by scabbing,
and in some instances in open wounds under aseptic treat-
ment.

In healing by first intention the edges of the wound are
brought into accurate apposition, and the deeper parts are thus
protected from further irritation. Organisation of the lymph
rapidly occurs, and the epithelium spreads over the surface in
two or three days.

In Jealing by scabbing the edges are not brought into
contact, but the superficial layer of the lymph dries up and
forms a crust, which protects the deeper parts from external
irritation ; organisation of the lymph at the deeper parts
oceurs, and epithelinm spreads over the wound beneath the
crust.

In some ecases in open wounds treated aseptically the anti-
septic dressing takes the place of the crust. The process de-
scribed above often occurs to a considerable extent around the
margin of the wound, but the irritation of the antiseptic and
the dressing is generally sufficient, when the wound is of con-
siderable size, to keep up a slight amount of irritation and lead
to the formation of granulation tissue in the centre of the



HEALING BY GRANULATION, .

wound, and sometimes even to slight suppuration. It is im-
portant to remember that in all cases the primary inflamma-
tion only affects a microscopical layer, and the cutaneous
margins of the wound remain quite pale.

When the wound is left open and exposed to irritation from
without, the primary inflammation continues and leads to further
changes, ultimately resulting in the formation of granulation
tissue. Taking up the process at the point where it ceased in
the former case, we no longer find the chief changes in the cir-
culation but in the tissues. The migration of corpuscles goes
on ; the intercellular substance becomes soaked with sernm,
softened, and very soon absorbed: probably the connective
tissue cells in the part proliferate, and ultimately we find
nothing but a mass of embryonic cells in part composed of and
derived from the migrated leucocytes, and probably in part also
derived from proliferation of the tissne cells. In this embry-
onic tissue young capillary vessels are soon formed, and at the
surface the new material grows out in the form of buds or
aranulations ; hence the term ¢ granulation tissue,” applied to all
inflammatory material having this structure. From the sur-
face of the granulations suppuration now occurs, while the
granulations grow and gradually fill up the wound till they
reach the level of the sarrounding skin. At the deeper part,
however, the granulation tissue does not remain in the embry-
onic state, but being protected from irritation by the super-
ficial layer, the further progress of the inflammation ceases, and
organisation into fibrous tissue commences. The cells become
elongated and form fibrous tissue ; the walls of the blood-vessels
become thickened from the formation of spindle-shaped cells
around them ; many of the vessels become obliterated, and the
newly-formed fibrous tissue contracts, and the size of the wound
is in this way reduced. When the granulations have reached
the level of the skin the epithelium spreads from the margin,
and as soon as the surface layer of granulation tissue is by that
means protected from irritation, the changes just described as
regards the deeper layer lake place up to the surface. This

B2



4 ANTISEPTIC TREATMENT OF WOUNDS.

process is termed ZLealing by granwlation. 1t may be quickened
if, after granulation is complete, the two sides of the wound are
brought into close contact. In this ease the two layers of
granulations protect each other from external irritation, they
adhere, and organisation rapidly takes place while epithelium
spreads over the line of union. This process is called Zealing
by union of granulations, or healing by the third intention.
There is another method of healing only seen in the case of
wounds where aseptic treatment is thoroughly carried out, or
in some rare instances where a erust forms ; I mean healing by
organisation of blood-clot. In order to explain this I must
refer to what happens to bleod-clots and dead portions of tissue
enclosed in the body without access of air and dust. One of
the most interesting and thorough investigations on this subject
has been made by Dr. H. Tillmanns of Leipzig.! Tillmanns
took portions of the liver, kidney, spleen, and lungs of rabbits,
and havdened them in absolute aleohol for one to three weeks
or longer. Pieces of these hardened dead tissues were then
introduced with aseptic precautions into the peritoneal cavity
of rabbits (in each case several pieces were used); after some
days the animals were killed and the state of matters investi-
gated. Twenty animals were experimented on, and into their
peritoneal cavities about 100 portions of tissue were introduced.
The animals did not appear the worse for the operation; the
temperature remained normal, and they seemed well. Of these
twenty animals only two died, both of acute peritonitis : in one
case an error was committed in the treatment, the stitches
were removed too early, and the intestines protruded: in the
other case the animal was suffering before the operation from
chronic peritonitis which afterwards became acute. 'When the
animals were killed early, in a day or two after the operation,
the masses of tissue were found to be adherent to some part
of the peritoneum, and sometimes two pieces of tissue were

1 ¢« Experimentelle und anatomische Untersuchungen iiber Wunden
der Leber und Niere: ein Beitrag zur Lehre von der antiseptischen
Wundbeilung,” Virchow's Adrehie, Bd. 78, 1870,




attached to one another. Where fourteen days or more were
allowed to elapse, the portions of tissne were found firmly
adherent and much diminished in size, evidently undergoing
absorption ; in some places there was only a thick layer of new

ORGANISATION OF BLOOD-CLOT. 5

material containing a pulpy mass in its interior. In one animal
into whose abdominal cavity a whole kidney had been intro-
dueced, and which was allowed to live for forty-seven days, the
kidney had entirely dis:':,l.‘-i;re:-u'ed ; the only thing noticeable was
that at one part of the omentum there was a thickish tough
spot, where probably the absorbed kidney had been attached.
On investigating the process microscopically the following were
briefly the appearances found: After twenty-four hours the
mass of tissueis,as I have just said, adherent to the peritoneums:
and surrounded by a layer of soft new material—lymph. Any
defects which existed in the margin of the specimen are filled
up with ‘this soft mass. This new material when examined 1s
found to be composed of countless numbers of cells, which
Tillmanns holds to be white blood covpuseles. If two pieces of
dead tissue lie close to each other, they become adherent to
each other by means of this material. If these tissues ave ex-
amined at a later period, say forty-eight or seventy-two hours
after their introduction, the cells are found to have inereased in
number and to be no longer confined to the outside of the organ,
but to have penetrated into it where possible, forming, as Till-
manns puts it, streets and pathways of cells throuzh the tissue.
Thus, for example, in the case of the liver these cells penetrate
in the first instance along the streaks of connective tissue
which lie between the lobules, entering first those channels
which are largest, but gradually spreading along the smaller
ones. At this time the cells have already begun to develop to
higher tissue, and not merely round cells, but also elongated
spindle-shaped cells undergoing further development, are found.
This proeess gradually goes on, the young cells penetrate more
and more among the dead materials, which soon disappear
by absorption, their place being taken by this young tissue
which has come from without. This tissne rapidly undergoes
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further development into fibrous tissue, vessels, &e., according
to the well-known processes. The contraction of this young
connective tissue and the further changes which it undergoes
lead to the disappearance of the original mass and the formation
of a cicatrix at its site, which also, as time goes on, tends to
dwindle and disappear.

Where a portion of tissue covered by skin dies as the result
of an injury, as after embolism, it gradually disappears by
absorption, and its place is taken by newly-formed fibrous
tissue. The process of absorption of blood-clots when subeuta-
neous is also essentially the same as that described in the ex-
periments just mentioned. The blood-clot becomes infiltrated
with young cells which develop into fibrous tissue, the original
blood-clot becoming absorbed, and ultimately also much of the
newly-formed material. The essential thing for the due absorp-
tion of blood-elots and sloughsis that they must be unirritating.
Now the chief Irritating causes are mechanical and chemical,
and of these by far the most important are the chemical. A
blood-clot may become chemically irritating by the addition of
some irritating chemical substances from without, or by under-
going fermentative changes. When a blood-clot is subecuta-
neous, the skin protects it from saturation with chemieal sub-
stances from without, and also in by far the greater number
of cases from decomposition; for, as we shall see shortly,
fermentations in organic fluids are always due to the growth of
minute vegetable bodies in them, these bodies coming from the
air and dust. Of the chemical causes fermentation is much
the most important. The object of aseptic treatment is to
exclude the causes of fermentation, and where this object is
successfully attained the blood-clot, at any rate in its deeper
parts, remains unirritating, In an open wound not treated
aseptically the blood-clot generally putrefies, and, as a result,
breaks down, liquefies, and is washed away with the discharge ;
the surface of the wound granulates and thus healing occurs,
Where, however, the clot remains aseptic, and where it is pro-
tected from other sources of irritation, such as the action of the
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antiseptic employed, the blood-clot undergoes the same changes
as beneath the unbroken skin. It does not break down but
remains, the wound being thus filled up with a solid brownish
mass. After some days, if' this clot is scratched, it bleeds,
showing that new vessels have been formed in it. Also on lift-
ing up the edge of the clot a broad margin of epithelium will
be found. If the clot is left undisturbed, it frequently happens
that after a time a superficial layer of tough brownish material
(old blood-clot) may be peeled off and a complete scar found
beneath. In some cases, however, organisation occurs in the
clot up to the level of the skin, and cicatrisation spreads for
some distance under the superficial unorganised layer, and then
by-and-by the remaining central portion granulates, and we
have a small superficial granulating sore which rapidly heals.
If there is much movement of the wound, or if no prepared
oiled silk (protective) be placed beneath the carbolic gauze, this
organisation may be only imperfectly observed.

The process essentially consists in this: young cells (whether
white blood corpuscles or derived from the connective tissue,
or both, is not yet determined) pass into the blood-clot and
develop into fibrous tissue and also vessels, which become con-
nected with already existing ones, according to the various
well-known methods of wvascular formation. This process
gradually extends to the surface till, after some days, as I
have said, the blood-clot bleeds when scratched. When organi-
sation has sufficiently advanced, the epidermis spreads from
the edge. The original blood-clot takes no active part what-
ever in this process: it forms a mould in which the young
cells develop, and is either used up as pabulum for these
cells, or gradually removed by absorption. Here, just as when
subcutaneous, the original blood-clot disappears, and its place
is taken by voung tissue which developed 7 it, not from it.

The objects of wound treatment are to get the most rapid
and favourable healing of the wound with the avoidance of the
various dangers and inconveniences ineident to it. The ideal
result is seen in the repair of subcutaneous injuries. One of
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the best examples of the course of subeutaneous injuries is the
repair of simple fractures in healthy subjects. Here there is
extensive laceration of the soft parts, fracture, and it may be
splintering of the bone and the effusion of a large amount of
blood. And yet, in spite of these extensive injuries, as soon as
the bone has been immovably fixed in proper position, the
pain ceases, the swelling due to the effused blood gradually
subsides, there is no increased rapidity of pulse or elevation of
temperature, or if the temperature does rise a little it is only
transitory and slight; rapid organisation of the blood and
lymph and formation of new bone and connective tissue takes
place, while the patient, if strong and healthy, is subjected to
10 risk.

Quite different, however, is 1he result if the skin over the
seat of fracture is broken and the injured parts communicate
freely with the exterior. The difference is still more marked
if the old method of treatment by the application of water-
dressing or poultices is adopted. However accurately and
firmly the fracture may be put up, the edges of the wound
begin to swell in a few howrs, the skin around becomes red
and the part becomes painful ; the blood-clot, filling up the
wound in the first instance, undergoes putrefaction, liquefies and
disappears, and the inflammation in the wound goes on to the
formation of granulation tissue and the occurrence of suppura-
tion. Portions of the lacerated tissues may die, and after a
time come away as sloughs, while the ends of the hones also
very commonly necrose, At the same time the pulse becomes
rapid and the temperature high: the patient has traumatic
or inflaimmatory fever ; this fever lasts for three or four days,
and then gradually subsides. It may be that after separation
of the dead portions of tissue or hone the wound heals up and
the patient is well. But this is by no means always the case:
the patient is liable to a great variety of inconveniences and
dangers, to which I shall shortly allnde, The death of the bone
may not be confined to the exposed portion, but the suppurative
inflammation may extend up beneath the periostenm or in the
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medulla, giving rise to acute suppurative periostitis or acute
osteomyelitis, in either case leading to death of large portions
of the bone and very greatly endangering the life of the patient
at the time. Further, the separation of the dead bone may
ocemv very slowly and imperfectly, while the continunance of
suppuration may lead to the development of lardaceous de-
generation of internal organs, to heectic fever and death from
exhaustion. In other cases abscesses form around the wonnd
from time to time, leading to very serious consequences,
Again, gangrene may oceur in the wound and spread with
great rapidity, giving rise to the necessity for amputation of the
limb high up in order to save the life of the patient—tranmatic
gangrene. Or the wound may become covered with greyish
or black pultaceous masses, spreading over the skin and tissues
with great rapidity, destroving them and accompanied by low
febrile symptoms—phagedzena. Again, a dark redness with a
well-defined margin may spread from the wound over the
skin, accompanied by fever and sometimes by abscesses—ery-
sipelag. If the wound be very large it may happen that en
the second or third day the patient becomes collapsed and dies
in a few hours, with symptoms indicating the absorption of an
intense poison—septic intoxication; or soon ‘after, it may be
immediately following, the traumatic fever, severe febrile
symptoms may supervene and continue for a considerable time,
leading often to the death of the patient—septiceemia. Or
this fever may be of an intermittent type, accompanied by
rigors and the formation of abscesses in internal organs, and of
pus in various joints—pysemia.

Summing up, then, the evils following compound fracture,
we have traumatic fever, inflammation, suppuration, waxy
degeneration, hectic fever, formation of abscesses, sloughing,
acute mnecrosis, traumatic gangrene, phagedwena, ervsipelas,
septic intoxication, septiceemia and pywemia, all these oceur-
ring because there was a communication between the injured
parts and the external air. Before we can pass on to the best
means of preventing these evils, we must shortly consider
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CHAPTER IL
EACTERIA AXND DISEASE.

General description of bacteria, their origin and life history—Causes of
septic intoxication—Inflammation and suppuration—Acute osteo-
myelitis—Erysipelas—Gangrene—Pyemia—>Septiceemia.

I must in the first place give a short description of the charac-
ters and life history of these minute organisms, hefore proceeding
to the consideration of the part they play in the production of
the diseases alluded to at the end of the last chapter. They

o
o

Fic, 1.—Common forms of bacteria.

1. Miecrococei. 2. Bacteria. 3. Bacilli, 4, Bpirilla.

are extremely minute masses of protoplasm of various shapes,
and apparently in most cases structureless. They are divided
according to differences in shape into four classes (see fig. 1) :
(1) mierocoecci, or round bodies; (2) bacteria, small oval rod-
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shaped bodies, about twice as long as broad ; (3) bacilli, rods of
various lengths ; and (4) spirocheet®, or spiral filaments. Some
of them have a cilium at one or both ends, by means of which
they can move actively in fluids; in some, however, in which
movement is marked, the cilium has not yet been demonstrated.
Others are always motionless, while many are for a time motile
and afterwards become stationary. Often after they have become
stationary they grow in masses, the individual members being
joined to one another by a glue-like material of greater or less
tenacity, This is termed the zoogleea stage, and the masses of
bacteria are called zoogleea.  Motion seems to be greatly
favoured in most instances by the presence of oxygen, and
is best seen at the edge of a drop of fluid containing the
organisms.

The mode of growth isin all eases by division, though in
some there is also a formation of spores. In the case of rods,
division always oceurs transversely to the long axis, but the
microcoecl may divide not only transversely to the long axis of
a chain of cocei but also longitudinally, giving rise to the for-
mation of triplets, fours in pairs side by side, &ke. The new
cells formed in this way may separate or may remain attached
to each other, forming chains, or in the case of the mierococei
small zoogleea masses. They grow very rapidly, the rapidity
bzing dependent to a large extent on the nature of the soil and
the temperature and moisture to which they are exposed. The
common estimate is that they double their numbers once or
twiece in an hour.

Spore formation has only been worked out in the ecase of
the bacilli. At one or more points in a rod a clear brightly re-
fracting oval body appears, at first i1l defined but later becoming
sharp and well marked. At the same time the protoplasm of
the rod gradually disappears till at length the spores are
liberated. Spore formation seems to oceur when the food of
the plantsis nearly exhausted, and it provides for the future
existence of the organism. These spores are very resistant to
heat and chemical agencies ; they retain their vitality for years,
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and when placed under suitable conditions they sprout and
grow into the adult organism.

Though formerly it was supposed that these bodies might
arise spontaneously in organic fluids, as the result of physical
causes such as heat and electricity, it has been conclusively
shown that the experiments on which these views were founded
were erroneous, and at the present time there is no experimental
fact known in favour of the view of spontaneous generation.
It is mow perfectly easy to keep any organic material quite
pure for an indefinite time, if the vessel in which it is placed
has been sterilised at a high temperature after plugging its
neck with cotton wool, and if the material, after careful intro-
duction into the vessel so as to avoid soiling of the neck, is
heated to a temperature even considerably below the boiling-
point of water for less than an hour every day for several days
in succession,

It is much more diffienlt, but still possible, to preserve the
fluids and tissues of the healthy living body without subjecting
them to heat, the chances of contamination in transferring the
organs to purified flasks being very great. Nevertheless, it has
been amply proved that the thing can be done, and in this way
it has been shown that the fluids and tissues of the healthy
living body are free from micro-organisms.

Micro-organisms are present in large numbers in all dust,
in water, on the surface of our bodies, and in the air in various
localities. The introduction into a sterilised organie finid of a
minute object which has not been subjected to heat, or to the
action of chemical agencies, will almost certainly be followed
by the development of micro-organisms, because they are pre-
sent on all surrounding objects. This is a point of the greatest
importance in the treatment of wounds.

These micro-organisms grew on various soils, though some
are more particular than others. The substances essential for
their nourishment are water, phosphates, salts of potash, car-
bonaceous and nitrogenous organic substances. An important
point is the reaction of the medium, neutral or slightly alkaline
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substances being best for most bacteria. DMost forms require
free oxygen or grow much more rapidly in it, but there are
some which will not live unless oxygen is almost or entirely
absent. As the result of their vital action these bodies produce
extensive alterations in the materials in which they grow.
They break up the complex organic compounds and reduce
them to simpler forms. In this way they cause fermentation
and decomposition of organic substances. In some instances
well-known chemical substances are thus formed, and the
agency of the micro-organisms is extensively employed in the
manufacture of various articles of food and drink. Tn other
cases, however, the substances which they produce are extremely
poisonous, and when injected into animals cause symptoms of
poisoning resembling the effect of various alkaloids. There is
one class of organisms which gives evidence to the naked eye of
the changes they occasion in the materials in which they grow ;
I refer to the pigment-producing organisms. The spot on
which these organisms are growing assumes a definite colour
when it is exposed to the air. These colours are very
numerous, red, yellow, green, blue, &e., and the same colours
are always produced by the same organism when it grows on a
suitable soil.

Some micro-organisms can grow in the animal body, giving
rise to a variety of diseases, Some are fatal to most animals;
for example, the bacillus of anthrax : others again are only
pathogenic in certain species of animals. The diseases cansed
by the growth of these bodies in the blood and tissues are
grouped together under the term ‘infective diseases.” Of thesa
there are two kinds, those in which the infection occurs from a
wound or open surface—traumatic infective diseases—and those
in which no wound is necessary, and where the pathogenic
organisms are supposed to be able to enter the body through un-
injured surfaces. Itis with the former that we have here to do.

I have already mentioned that some micro-organisms
produce such alterations in organic fluids that the injection of
these fluids into animals is followed by symptoms of poisoning,
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and if in sufficient quantity by fatal results. These symptoms
set in during or soon after the injection (from a quarter of an
hour to two hours). Where a quantity insufficient to canse death
is injected, the temperature becomes elevated two or three degrees
or more, and this fever lasts for a few hours. Where the quan-
tity used is larger there may be preliminary rise of temperature,
but if death is about to occur it falls below the normal, accom-
panied by collapse and sometimes by diarrhea and vomiting.
Panum, who first worked at this subject, showed that the symp-
toms were due to a chemical substance and not to multiplication
of bacteria in the body. He boiled these poisonous putrid fluids
for eleven hours and then injected them into animals, and he
found that they were still poisonous, thongh not quite so power-
ful as before being boiled. He also filtered the fluid, boiled it for
an hour, evaporated to dryness, digested it with absolute alcohol,
and then treated the residue with boiled water, this watery
extract being also very poisonous. DBergmann states that he
has been able to extract the poison in the form of a erystalline
substance, to which he has given the name ‘sepsin.” From
these experiments it is evident that there is present in putrid
fluids a chemical substance produced by hacteria, which, in-
troduced into the circulation of an animal, acts as a poison,
like strychnia or any other alkaloid. In small quantities this
substance causes febrile symptoms which, however, soon pass
off unless the dose is repeated, while in larger amount it ecauses
death more or less rapidly. The clinical evidence shows that
this material is also poisonous to man. Where a wound is
quite small, or where it has been treated antiseptically, in other
words where the poison is in small amount or entirely ahsent,
there is no fever or other symptom of poisoning. Where the
wound is larger and antiseptic treatment is not adopted, and
where the wound does not heal by first intention, this material
is absorbed and gives rise, for a few days, to fever—tranmatic
fever. Again, when there is a very large raw surface in contact
with putrid discharge, as in a hip-joint amputation, a large
quantity can be rapidly absorbed and produce fatal effects.
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Or, again, when the patient is weakly and when his excretory
organs act imperfectly, as in renal disease, a comparatively
small dose may cause a fatal issue. Hence the danger of
operating in ecases of DBright's disease, a danger much
diminished where aseptic treatment 1s adopted. These
symptoms are now grouped under the title of ‘septic intoxi-
cation.” That they are really due to absorption from the wound
is further shown by the fact that as soon as granulation has
occurred the symptoms subside, even although the discharge
from the wound be considerable in amount and intensely putrid.

While the produets of the growth of certain bacteria give
rise to general effects—tranmatic fever and septic intoxication—
they also act locally on the wound and cause inflammation and
suppuration. The oceurrence of inflammation and suppuration
in a wound is probably due to various causes, but the chief
causes are the growth of micro-organisms in the discharges
from the wound or in the tissues giving rise to the formation
of irritating substances. In the case of a wound it is not
necessary to suppose that there is only one form of micro-
organism which will cause it to inflame and suppurate. Many
irritating substances if applied to a cut surface will cause in-
flammation and suppuration, such as croton oil, tartar emetic,
&e., and in the same way many of the products of the fermen-
tation of the discharges are sufliciently irritating to cause
inflammation and suppuration of the cut surface. For it must
be remembered, as pointed out in the first chapter, that the
superficial layer of a cut surface is for a short time in a state
of inflammation as the result of the injury done to the tissues
by the knife, and very slight irritation applied to this inflamed
surface will suffice to keep up the inflammation, lead to the
formation of granulation tissue and the occurrence of suppura-
tion. In treatment with various antiseptics it often happens
that the direct application of the antiseptic to the wound,
especially when it is in strong solution, iriitates the wound
and leads to suppuration. The recognition of this fact led
Sir Joseph Lister to interpose between the wound and the
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dressing a layer of prepared oiled silk, with the view of keeping
the antiseptic from the wound. Again, if from imperfect
drainage the discharge becomes pent up, inflammation is
caused, and if the tension is not relieved it may end in sup-
puration. The effect of tension is of course greatly increased
if, at the same time, micro-organisms develop in the retained
fluids. Again, inflammation and suppuration may be caused
not merely by growth of micro-organisms in the discharges of
the wound, but also by growth of micro-organisms in the
tissues themselves. This effect is only caused by certain
micro-organisms, for, on the one hand, many micro-organisms
will not grow in the living blood or tissues, but yet growing in
the discharges can produce irritating materials and cause
suppuration ; while, on the other hand, many micro-organisms
grow in the living tissues without causing suppuration. The
micro-organisms which grow in the living tissues and cause sup-
puration belong, so far asis known, almost entirvely to the group
of microcoeci. They grow in the walls of the wound, and give
rise to irritating products which keep up the inflammation and
suppuration. They often cause extension of the inflammatory
process, or burrowing of the pus, as it is termed, and sometimes
spreading into the neighbouring tissues they give rise to the
formation of abscesses. This will be presently alluded to, and
the relation of micrococei to suppuration will be discussed
more fully. In the meantime I may sum up the causes of
inflammation and suppuration in a wound as follows: 1.
Decomposition of the discharge from the wound. 2. Appli-
cation of irritating chemical substances to the wound, amongst
others various antiseptics. 3. Tension from accumulation of
discharge, more especially when the retained discharges undergo
fermentation. 4. Growth of micro.organisms in the tissues at
the surface of the wound.

I have just stated that when micrococei grow in the walls
of wounds they may spread into the tissues, and there set
up an acute abscess. When the pus of an acute abscess is
examined, micrococci are always found in it, sometimes in large

e :
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numbers, sometimes only few. The relation of the micrococei
to the acute inflammatory process has been much debated,
and in the ¢British Medical Journal’ for September and
October 1884 will be found a full discussion of the subject.
The facts seem to be the following. The miecrococei associ-
ated with inflaimmation are of several kinds. Some forms
can cause inflammation, just as anthrax bacilli eause anthrax,

Fic. 2.

Beetion of kidney, showing plug of micrococei surrounded by a elear necrotic layer,
and ountszide thiz a ring of inflammatory tissue, The poisonons material produced
by the micrococei when strong kills the tissue, when more dilute sets up inflam-
mation,

de. : there need be no previous injury or disease of the part.
Direct evidence can be obtained with regard to some micrococei,
that their injection into animals is always followed by the
formation of abscesses. In Koch’s ¢ Traumatic Infective Dis-
eases,” translated by the Sydenham Society in 1880, an account
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will be found of a spreading abscess formation in ralbits,
where masses of micrococei were always seen preceding the in-
flammation, the injection of a minute quantity of these micro-
cocel being always followed by thesame progressive suppuration.
There seem to be other forms which can cause abscess only if
the part has been previously injured or inflamed. Thus in

Fig. 3.

=ection of kidney, showing in the upper corner a mass of micrococcei, a clear necrotie ring
and a layer of inflammation, az in fiz. 2. In the centre iz the further staze of the
progess : the inflammatory cells and the microcoeci have now infilirated the necrotic
ring, and an abscess is the resnlt. (For further details as to figs. 2 and 3 see * Brit.
Med. Journal * for Sept. and Oct, 1884.)

abscess in the mamma during the early period of lactation the
primary lesion is probably an inflammation resulting from an
injury, cold, &ec. ; the micrococei then settle in the part, grow,

and cause suppuration.
c2
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Quite recently! Becker and Krause have worked out the
micrococeus associated with acute osteomyelitis in man. They
have found a micrococcus constantly present in this disease
which forms orange-yellow colonies when grown on gelatinised
meat infusion or on potatoes. The injection of this organism
into the veins of rabbits did not produce any dizease of the
bones unless these were previously injured ; but if the bones
had been bruised or broken, the organisms set up abscess under
the periosteum, suppuration between the ends of the bone, and
suppuration sometimes in isolated spots in the medullary tissue,
a result corresponding to the disease in man. We have thus
direct proof that acute necrosis of bone is due to micrococei,
and there is evidence to show that the abscesses occurring in
the neichbourhood of wounds are likewise due to similar though
not necessarily to the same organisms.

Among the most marked results of the growth of micro.
organisms in the tissues is erysipelas. If portions of the
spreading margin of the redness and of the healthy skin in the
immediate vicinity be excised and cut into sections, it will be
found that in the healthy skin immediately beyond the red
margin the lymphatic vessels contain large numbers of a minute
micrococeus frequently arranged in chains (see fig. 4). At the
red margin itself there are inflammatory appearances as well : the
lymph vessels contain not only micrococei but also numerous
leucocytes, and there is a small-celled infiltration around them
and in the skin. The micrococei also extend into the lymph
spaces and canals of the skin. Fehleisen, who has worked out
the subject,? has succeeded in cultivating these organisms on gela-
tinised meat infusion, solidified blood serum, d&e. After disin-
fecting the skin at the spreading margin of redness, he cut out
little bits and embedded them in the ecultivating material.
Minute colonies of mierococei grew, and continued growing for
about six days, when they were reinoculated into fresh tubes.

V Deutsche Medicinische Woehenselrift, 1883, and Fortschritte der
Medicin, 1884.
t Die Atiologie des Erysipels, 1883,
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Having in this way obtained a pure cultivation, he inoculated
rabbits at the tip of the ear. In thirty-six to forty-eight hours
the redness and swelling began, and spread from the tip over
the ear and thence over the body. Sections through the
spreading margin showed the same appearances as the sections
of the skin in man : micrococei were present in the lymphatie
vessels. [Excision of the whole ear before the redness had
reached the base arrested the process. He further inoculated
man with the cultivated micrococei, and produced erysipelas in
that way. It has been observed that lupus, rodent ulcer and
various malignant diseases often disappear or improve very
much after an attack of erysipelas, and it has been proposed,

FiG. 4.

Bection of skin at the spreading margin of the redness in erysipelaz {from a photo-
graph by Koch, x. 700). A lymphatic vessel is seen containing micrococei, which
are also spreading into the tissues aronnd.

and indeed cariied out in some cases, that, where operation is

not possible, erysipelas should be induced by the inoculation of

pus from a wound affected by erysipelas. Fehleisen treated a

number (7) of these cases with inoculation of the cultivation of

micrococel instead of pus, and produced typical erysipelas by
this means, He also found that a patient was protected for

a short time—but only for a short time—from a fresh attack of

erysipelas.

In Koch’s ¢ Traumatic Infective Diseases’ another very
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interesting set of experiments are described on the production
of spreading gangrene in mice. At the spreading margin of
the gangrene, and preceding the gangrene, he found large
numbers of streptococei in the tissues. The inoculation of these
streptococci on other mice was followed by the development of
the same gangrenous process. Phagedena and spreading trau-
matic gangrene m man are in all probability in like manner
due to the rapid spread of organisms in the tissues. Indeed,
micro-organiems have been found in these eases, but the rela-
tionship has not as yet been thoroughly worked out. All the
facts point to a similar mode of origin to that of spreading
gangrene in mice, a view much confirmed by the absence of
these diseases where antiseptic methods of treatment are em-
ployed. I do not, of course, ascribe all cases of gangrene to the
spread of micro-organisms in the tissues; I refer merely to
acute spreading gangrene and phagedsena. Gangrene may
occur as the result of destruction of the tissues at the time of
the injury, or it may occur in enfeebled tissues after an opera-
tion, as, for example, in stumps after amputation for senile
gangrene, or for the result of frost-bite. In this case the tissues
are so weak that they are unable to withstand the inflam-
mation which oceurs in the wound. This inflammation is, how-
ever, caused either by growth of micro-organisms in the dis-
charges or tissues of the wound, or by tension. If this patho-
logy is correct, it follows that it is safe to operate early in cases
of senile gangrene and gangrene after cold, provided that micro-
organisms are excluded from the wound, and that the drainage
is satisfactory. Experience with the aseptic method of treat-
ment shows that this is correct. I may thus sum up the
pathology of gangrene after operations or injuries: 1. It may
result from direct destruction of the tissue at the time of the
injury, from injury to large blood-vessels, &e. 2. It may oceur
as the result of inflammation in a weak part. In this case the
inflammation is set up by the growth of micro-organisms in the
discharge or tissues of the wound, or by tension in the wound.
3. It occurs as the result of growth of bacteria in the tissues in
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a way corresponding to gangrene in mice, seen in phagedsena
and traumatic gangrene.

Pyeemia in rabbits has been shown to be due to the growth
of micrococci in the blood.! These micrococei are very minute ;
they grow in colonies and tend to adhere to the red blood cor-
puscles, DMasses are thus formed composed of colonies of micro-
cocei with included red blood corpuscles., These masses may
adhere to the wall of a blood-vessel, grow and block it com-
pletely, or being swept on in the circulation form emboli in the
smaller vessels. In either ecase inflammation occurs around,
and an abscess is formed in which are found numerous micro-
cocel: the inoculation on ancther animal of the pus from these
abscesses, or of the blood containing the miecrococei, is followed
by the reproduction of the disease, In man the subject has
not been thoroughly worked out; but micrococei have been
found in the blood and in the secondary abscesses, and plugs of
micrococei are often found in internal organs. All the facts
point to this pathology of the disease; indeed, it is the only
view on which all the appearances can be explained.

Septiceemia is a much more complicated affection, and prob-
ably arises under several circumstances, Continued absorption
of the poisonous material from wounds referred to under the
head of septic intoxication will keep up a feverish state with all
the symptoms of septiceemia, and if long continued may ter-
minate fatally. In other cases the micrococei grow in the
tissues of the wound, and pour their products or ptomaines, as
they are called, into the blood. Here micrococei may be found
in the blood, but the essential seat of disease is the tissues. In
a third form micrococei grow in the blood, and multiplying
there give rise to the symptoms. In a fourth form organisms
grow in the blood ; but they belong to the class of bacilli. The
last two cases correspond to what is found in the lower animals
(mice, rabbits, &e.). In them septiceemia is caused by more
than one form of organism growing in the blood, and giving rise

1 See Koch's Traumatic Tnfective Diseases.
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to symptoms and post-mortem appearances which can only be
classed together as septiceemia. In mice, the most common
form is a minute bacillus found in enormous numbers in the
blood. These bacilli may be cultivated on gelatinised meat
infusion, and their reinoculation on mice preduces the same
disease. A small bacterium and other micro-organisms also
kill mice in the same manner,



CHAPTER III.

DESTRUCTION OF BACTERIA.

ixperiments on disinfectants, carbolic acid, bichloride of mercury, &e.
—Prineiples of wound treatment—Aseptic and antiseptic surgery.

NumEROUS researches have heen published on the subject of the
destruction of micro-organisms by various antiseptic or disin-
fectant substances. With few exceptions these are open to
grave objections, and in what follows I shall therefore only
refer to the most recent and accurate research by Dr. Koch.'
The former experiments were chiefly made by adding varying
proportions of the antiseptic substances to cultivating fluids
containing a variety of forms of baeteria, or by treating a mix-
ture of bacteria with various antiseptics of different strengths,
and afterwards testing the power of growth in cultivating fluids,
In this method no account was taken of possible differences in
the resisting power of different bacteria, and the great vesisting
power of the spores was more especially left unnoticed. In Koch's
researches pure cultivations of different orzanisms were em-
ployed, and special attention was paid to the presence of spores.
The experiments were also carried out on a solid cultivating
material, and thus there was less risk of error from the acci-
dental development of miero-organisms coming from the air.
I may refer in detail to the experiments on carbolic acid.

In the first place, the power of carbolic acid in destroying
spores and also non-spore-bearing organisms was tested. For
the former experiment bacillus anthracis containing spores was
employed ; for the latter mierococeus prodigiosus and the bacteria
of blue pus were used. The difference in resisting power

v Mittheilungen ans dem k. Gesundheitsamite, vol. i, Berlin 1881,
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between bacillus anthracis containing spores and the adult form
of the organism without spores was also tested. The spore-
bearing bacilli, the micrococei, and the bacteria of blue pus were
obtained by soaking sterilised cotton or silk threads in culti-
vations of these organisms and drying them rapidly. The
spores retain their vitality in the dry state indefinitely, the
micrococcl and bacteria only for a few days; the latter were
therefore always freshly prepared before the experiment, The
non-spore-hearing bacilli were obtained by rubbing up the spleen
of an animal just dead of anthrax with the sterilised threads.
In the spleen the bacilli do not contain spores if taken imme-
diately after the death of the animal,

In the first instance, the resistance of spores to watery
solutions of earbolic acid was tested. A vessel was filled with
watery solutions of carbolic acid of various strengths, and the
spore-bearing threads were left in this fluid for a certain time ;
they were then taken out, in some cases washed with boiled
distilled water, and placed on the solid cultivating materials.
As a result, it was found that the spores of the bacillus were
unaffected after being in a 2 per cent. solution and under for
two days; they developed more slowly if left for two days in
a 3 per cent. solution ; in a 4 per cent. solution after one day
their growth was slower; and in a 5 per cent. solution after
one day only one or two grew. On the other hand, bacilli of
anthrax which did not contain spores were killed by immersion
for two minutes in a 1 per cent. solution of carbolic acid.
Micrococei and other organisms not containing spores are
similarly destroyed with great rapidity by watery solutions of
carbolie acid.

Tt was also necessary to learn what proportion of a disin-
fectant must be mixed with a fluid in order to hinder bacteria
from developing, although their vitality may not be destroyed.
It was found that in meat infusion containing pepton gl th to
t35gth part of carbolic acid was sufficient to prevent the growth
of bacillus anthracis.

The vapour of carbolic acid at the ordinary temperature did
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not destroy the spores of the ordinary bacilli found in earth,
although allowed to act as long as forty-five days. If, how-
ever, the vapour acted at a temperature of 75° C., spores in earth
were destroyed in from two to three hours, and even after ex-
posure for an hour and a half to the vapour at 55° (. only a
few colonies developed, showing that spores are destroyed in
that time, but that some were protected more than others, and
hence not so rapidly affected.

A 5 per cent. solution of carbolic acid in oil did not affect
spores of bacillus anthracis, although they were left in it one
hundred and ten days, and the non-spore-bearing bacilli were
not completely destroyed till after six days, though on the third
day some had apparently been killed. A 5 per cent. solution
in alcohol was also employed without effect on the spores.

The carbolates were much less potent than pure carbolie
acid. Next in power to carbolic acid was the sulpho-carbolate of
zine, which interfered with the luxuriance of the vegetation of the

" spores in one day, and completely destroyed them in five days.

Before going further I shall consider how these resnlts
affect the question of carbolic acid as an antiseptic in the treat-
ment of wounds, When it was first introduced nothing was
known of the existence of resisting spores, and it was thought
that a strong solution (5 per cent.) of carbolic acid killed miero-
organisms almost instantly. The results mentioned above, how-
ever, show that while micrococel and other organisms without
resistant spores ave killed in a few seconds, spores can retain
their vitality for a considerable time. The experiments do not
show the precise time at which spores are destroyed, for, though
in one experiment development occurred at one part of the thread
after soaking for twenty-four honrs, this fact does not imply that
the spores withstood a 5 per cent. watery solution of carbolic acid
for that time, but only that some of them were imperfectly acted
on. There is no evidence of the existence of different resisting
power of the spores of the same organism, and therefore we
have to find the earliest time in which they are killed. This

has not yet been worked out, but evidently it is considerable.
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In the Listerian method of treatment, then, the methods of dis-
infecting hands, instruments, d&e., are sufficient to destroy every-
thing but the resisting spores of some bacilli. But as I have
pointed out at some length elsewhere,! after an operation per-
formed aseptically the discharge will be found to contain no
organisms, or if any are present, they belong to the class of
micrococel. They enter by developing in the discharge beneath
the dressing when the latter is left on for several days, or when
the discharge is profuse. Why, if the spores of bacilli are not
killed by the solution of carbolic acid, are they not found in
the discharge from the wound? Either they do not gain access
to the wound, or if they get in, the circumstances under which
they are placed are unfavourable to their growth. It is prob-
able that on the skin there are but few spoves, for the heat and
moisture will rapidly cause them to germinate, when they will
be readily destroyed by the carbolic acid lotion. The spores in
the air and on the instruments will, if they fall into the wound,
fall into a fluid containing carbolic acid from the spray, a fluid
in which they will be incapable of germinating, while in a very
short time they will be destroyed by the action of the living
tissues ; for, as will be seen in referring to my ¢ Antiseptic Sur-
gery,’ theliving tissues can destroy organisms. In all probability
but very few spores fall into a wound, for even where tension
occurs early in cases treated aseptically, I have never found
bacilli in the retained fluid, The carbolic spray, though
practically in my experience of the greatest vaiue, has since the
publication of Koch’s research, been regarded as of little use.
The above remarks show that it may be of the greatest service,
not merely in destroying non-spore-bearing organisms and in
keeping the hands, instruments, and skin pure, but also in add-
ing carbolic acid to the fluids of the wound, and thus preventing
the development of spores.

Carbolic oil is also found in practice to act very well as an
antiseptic, but from the fact mentioned above, it does not de-
stroy spores, and only acts very slowly on the mature organism.

v Pathological Transactions, IBTH,' and Antiseptic Surgery, 1882,
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The difference between the experimental and the practical
results is probably owing to solution of the acid from the oil in
the fluids of the wound, thus giving rise to a watery solution,

Sulphurous acid is another disinfectant which has been
much used, but which is apparently not so effectual as has been
supposed. Dry micrococei are killed by a 1 per cent. per volume
vapour in twenty minuteg, if moist, in two minntes. Spores
of anthrax, earth and hay bacilli exposed for ninety-six hours
to a vapour of sulphurous acid, at first of the strength of 6-1%
volume per cent., and after ninety-six hours of the strength of
3'3 per cent., were quite unaffected.

In solution sulphurous acid was somewhat more powerful.
A saturated solution of the gas in water was obfained, and this
was diluted so that four strengths were tested.

The 1st vessel contained 11436 p.c. by weight (4,000 vol. p.c.)
 2nd: ,, L7 5718 1 Gl LU )
. Srd 1 " 2:859 ,, 1 {LGHD L3 L1 }
= 4ith ,, 1 ‘286 ,, 1 G, 1000 5 s )

In each of these vessels were placed several threads contain-
ing anthrax spores, and some of the threads were taken out at
various times and the power of development of the spores tested.
" In the first vessel, after one day, development was somewhat
delayed, and after more than one day did not occur at all. In
the second vessel there was also delayed vegetation after one
day, but none of the spores were killed till the third day. In
the third vessel no delay in development till the third day, and
apparently none were killed after five days. In the fourth no
apparent effect after five days.

A 5 per cent. solution of chloride of zinec did not kill
anthrax spores after a month’s immersion, and chloride of zine
added to serum in the proportion of 5 per thousand did not
hinder the development of these spores.

Of chemical substances able to destroy spores with great
rapidity, bichloride of mereury is the most potent. DMixed with
the eunltivating material in the proportion of 1 to 300,000, the
bacillus anthracis was unable to grow. Spores of anthrax dried
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on threads and placed in a watery solution of 1 to 20,000 for
ten minutes were destroyed. Solutions of 1 to 5,000 or stronger
destroy all spores with certainty in a few minutes; indeed, to
wet the spores with a spray of this solution and then allow
them to dry is sufficient to destroy them.

Of the various other disinfectants employed, only the fol-
lowing were able to kill the spores of bacillus anthracis in less
than twenty-four hours :—

Chlorine water.

Bromine water (1 p.c.).

Iodine water.

Permanganate of potash (5 p.c. in water).
Boracic acid (5 p.c. in water).

The following acted slowly and imperfectly on the vitality
of the spores :—

Ether (incomplete ' destruction after 8 days, complete after 30
days).
Aceton (incomplete after 5 days).
Todine, 1 p.c. in alcohol (incomplete after 1 day).
Sulphuric acid, 1 p.c. in water (incomplete after 10 days).
Sulphate of copper, 5 p.c. in water (incomplete after 5 days).
Boracic acid, saturated watery solution (delayed vegetation after
6 days).
Hydrochloric acid, 2 p.c. in water (complete on the 10th day).
Arsenious acid, 1 per 1,000 in water (complete after 10 days).
Sulphide of ammonium (complete after 5 days).
Formic acid, 1'12 specific gravity (complete on the 4th day).
Quinine, 2 p.c. in water () and aleohol (2), (incemplete after 1
day).
Turpentine oil (incomplete on the 1st day, complete after 5 days).
Chloride of lime, 5 p.c. in water (incomplete on the 2nd day, com-
plete on the 5th).
Perchloride of iron, 5 p.c. in water (delayed development on the
2nd day, complete destruction on the 6th).
Absolute aleohol (no effect on the spores after 110 days).
Glycerine (no effect after 110 days).
Chloroform (spores unaffected after 100 days).
1 By incomplete is meant that only some spores grew, i.e. where the
solution got free access to the spores it killed them, but where the action
was imperfect they still retained vitality.
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Benzoic acid, concentrated watery solution (spores unaffected after
70 days).
Thymol, 5 p.c. in alcohol (spores unaffected after 15 days).

These facts show that though the ordinary antiseptics are
sufficient when the virus is a bacterium which is not spore-
bearing, yet when spores have to be dealt with they are in-
sufficient. In using antisepties there is another point which
must not be lost sight of. Thus, one antiseptic may form com-
pounds with substances in the fluids and lose its properties,
while another, which is in reality weaker, may not do so, and
thus be more effectual. Thus, in recent experiments on the
destruction of tubercle bacilli in phthisical sputum, Schill and
Fischer! found that bichloride of mercury solution (1 to 500G
in water), added to an equal quantity of sputum, failed to de-
stroy the tubercle bacillus even after twenty-four hours’ action,
while a watery solution of carbolic acid (5 per cent.) added to
sputum in the same proportions disinfected it thoroughly in
twenty-four hours. And vet, acting on dry spores of Bacillus
anthracis the bichloride solution is very much more rapid in its
action than earbolic acid. In the case of sputum the result
probably depends on the different chemical affinities of the two
substances, the bichloride either losing its antiseptic properties
by entering into new combinations, or being unable to penetrate
and act on the masses of secretion which contain the bacilli.

Although not directly of use for surgical work, it may be
interesting to refer shortly to the results obtained as regards
disinfection by hot air and steam. Disinfection of masses such
as bedding is not possible with hot air, because, while the outer
layer may be raised to a temperature which chars it, the tem-
perature of the interior may not be sufficiently high to destroy
bacteria. I may mention one experiment to illustrate this.
A piece of linen about forty inches long was rolled up tightly,
thirty-two complete turns being made, in this way giving sixty-
four layers from one side to the other. Maximum thermo-
meters were placed in the middle of the roll and between every

V Mittheilungen aus dem k. Gesundleitsamte, vol. ii. Berlin, 1884,
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fourth turn from within outwards. The whole was placed in
a disinfecting oven and exposed to hot air. The experiment
began at two o'clock p.mM. and lasted for four hours. The
temperature of the air in the interior of the oven was taken at
different times, and was as follows :—

Ll G : . ; : . - 227° F.
8 EFED "M - - 284'3 L1
1) ‘3 23 - . o X ! ; . 2930 1)
’ "'.I.' ’q - - - - - EE]BD (1]
Lokt e : : : s et SGH0NE
i b R e o e S s T R
L] 3'3{] 1] ?HSD 13
T e RS PRl N LR ey S

‘When taken out at 6 p.y. the following were the readings of
the maximum thermometers :—

In the middle of the roll 2 : : 3 94° F.
4 torns from the middle . . : : 1092 1.,
Bt e S . IR T

[ e % 2 Al : ; : - 152275,

T i A LA A B T B s

20 s 5 5 : : : : 752

CLE - . s . : 2 k 182° _,

Gig el o - A

As a temperature of 280° F. to 300° F. is necessary for the
destruction of bacteria when exposed to dry heat, it is evident -
that the proper disinfection even of small masses of clothing,
&c., 1s impossible in a hot-air chamber.

Superheated steam has also been tested in the same manner
with a similar result. The temperature in the interior of the
mass did not rise sufficiently high to destroy bacteria. 'This was
also practically tested in these experiments, by placing spores of
bacilli and the much more easily killed micrococcus prodigiosus
at various parts of the roll; they were afterwards sown on
suitable cultivating material. In the case of the experiment
mentioned above, these organisms were placed along with the
seven deepest thermometers, and when sown afterwards all grew.

If, however, the steam is not at rest but constantly passes
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over the material to be disinfected, the temperature rapidly
rises and soon attains the same height in the interior of the roll
that it has outside. At the same time a current of steam pass-
ing over spores effectually destroys them, acting in this way like
boiling water. To disinfect bedding, clothes, &e., it is therefore
evident that the best way is to expose them to a current of
steam for about three hours. If the boiling-point of water is
raised by adding salts, it is found that the temperature of the
steam is also above 212° F. In some cases, especially where a
more rapid effect is wanted, this would be an advantage.

We have now considered the modes in which wounds heal,
the diseases which may follow wounds, the causes of these dis-
eases, and the means by which these causes may be destroyed.
We therefore come next to the application of this knowledge
to the treatment of wounds, It i1s evident that all treatment
must be directed against the causes of wound diseases, care
being taken at the same time to permit the wound to heal. In
other words, all treatment must be antiseptic. As we shall
see immediately, there are various modes in which the principle
may be carried out. The short meaning of the term ¢anti-
septic treatment’ is treatment directed against the causes of
putrefaction. But only some of the diseases to which we have
already alluded are connected with putrid changes in organic
matter, The miecrococci of erysipelas, for example, do not pro-
duce any putrid change. All organisms, however, alter the
composition of the materials in which they grow, that is, all
cause fermentation of some kind or other. We must therefore
somewhat expand the meaning of the term ‘antiseptic treat-
ment,” to include treatment directed against the causes not
merely of the putrefactive fermentation, but of all fermentations.
That it is sufficient to direct our attention to the matter of
fermentation in wounds I have shown at length in my larger
work on Antiseptic Surgery, to which I must refer the reader.
It is there demonstrated that it is from particles falling into
organic fluids or on tissues that micro-organisms develop ;
that it is only after the access of particles from the outer world

D



34 ANTISEPTIC TREATMENT OF WOUNDS.

to such fluids and tissues that fermentations oceur ; that the
particles which cause fermentations, and those which give rise
to organisms, are one and the same—in other words, that fer-
mentations are due to the growth of miero-organisms in the
fermenting substances; that miecro-organisms are not present
in the fluids and tissues of the healthy living body ; that, so
long as an animal is healthy, dead tissues and fluids may re-
main in closed cavities in the living body without undergoing
fermentation, and may even entirely disappear, but that as soon
as atmospheric air with its dust is admitted, organisms develop
and fermentations occur; and that it is very seldom that the
organisms gain access through the circulation to dead tissues
and fluids enclosed in the animal body. The relation of bacteria
to disease I have just deseribed. It is thus clear that precau-
tions that are effective against the eauses of fermentation will
equally prevent the dangers due to bacteria.

There are two great principles on which we may carry out
the antiseptic treatment of wounds. A.—Wemay aim at the
complete exclusion of living organisms from wounds, thus pre-
venting the possibility of their developing there. This is the
principle on which the method of treatment introduced by Sir
Joseph Lister is based, and may be termed for the sake of dis-
tinction the aseptic method. Various surgeons use different
antiseptics and dressings, though still adhering to the principle
of complete exclusion of living organisms. The principle is
generally called the Listerian principle or Listerism, and the
particular aseptic method on which this principle is carried out
by Sir Joseph Lister, the Listerian method. 1t does not
necessarily follow because a surgeon does not employ the method
recommended by Sir Joseph Lister that therefore he is not
practising Listerism. That depends on whether or not he acts
on the principle of complete exclusion of living organisms, and
whether his method fulfils that purpose.

B.—We may allow living organisms to enter wounds and
then take means to impede their growth in the discharge and
in the tissues. It is of course at once evident that this is a less
certain plan, and that the result must depend to a great extent
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on chance : once organisms enter a wound the result is no longer
completely under our control.

The antiseptic methods which merely inferfere with the
development and fermentative action of organisms on the fluids
and tissues in wounds, and which do not aim at their total
exclusion, may act on various principles,

1. By the addition of various antiseptics to the discharge,
either in the wound, or after it flows out, this discharge may be
rendered an unfit soil for the development of organisms.— (7se
of antiseptics.

2. The discharge may be allowed to flow away so rapidly as
not to have time to undergo fermentation to any extent in the
wound itself,— Free drainage.

3. This removal of the discharge may be facilitated by
washing it away constantly with water alone, or with water con-
taining antiseptics.— Treatment by irrigation or by water bath.

4. By freely exposing the discharge to air evaporation
takes place, and the fluid becomes too concentrated to permit
the growth of bacteria, while, at the same time, by supplying
these organisms with plenty of oxygen, they have no necessity
to break up the albuminous compounds in their search for
oxygen, and thus, as shown by Pasteur, their fermenting power
is diminished.—Open treatinent.

7. By keeping the parts at perfect rest and by operating
only when the patient is in good health, the tissues and the
blood are in such a state as to vesist the development of bacteria
in the thin layer of lymph between the cut surfaces, and
union by first intention thus occurs. This is best carried out
by penfect vest and accurate apposition of the cut surfaces,

Healing by scabbing acts on the last two principles.

Although these various methods may be described as acting
on these different principles, yet there is no hard and fast line
between one and the other. Indeed, at the present day advan-
tage is now constantly gained from the use of the various
principles combined—as, for instance, by the employment of
free drainage, antiseptic irrigation, &e., in the open method.

D 2



36 ANTISEPTIC TREATMENT OF WOUNDS.

CHAPTER 1V.

ASEPTIC SURGERY—MATERIALS EMPLOYED.

Problems to be solved in order to keep a wound aseptic : Carbolic acid
— Carbolic lotions— Pure carbolic acid—Solution in methylated spirvit
— Carbolic oil— Carlolic acid and glycerine : Spray producers : Cats
gut—~Carbolised silk: Protective: Carbolic gauze—Macintosh :
Sponges :  Boracic acid—Beracie lotion-—Beracic lint—Boracie
vintment : BSalieylic acid—=Salicylic acid cream—=Sualicylic vintment :
Chloride of zine : Jodoform : Carbolised cotton wool.

Asepric surgery is based on the prineiple first enunciated by
Sir Joseph Lister, viz. the ewelusion of active ferments from
the discharges of wounds,

Theoretically, this is the ideal form of antiseptic surgery,
for here, supposing that the attempt is successful, the causes of
putrefaction do not enter the wound in a state capable of pro-
ducing fermentation, and therefore decomposition of the dis-
charges, or of dead portions of tissue, &e., cannot possibly
oceur.

The problem which Sir Joseph Lister sought to solve may
be shortly stated as follows :—

On all objects in the external world septic dust is present—
on the skin of the patient, on the hands of the surgeon and his
assistants, on all instruments, in water, in the air, de. ; and
when a wound is made any introduction of this dust must be
carvefully avoided. Then after the wound has been made, care
must be taken to prevent its entrance during the after-
treatment. Some sort of dressing must be provided which
shall prevent its passage in an active state, and at each change
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of this dressing the problem is the same as at the time of inflic-
tion of the wound. Such being the question at issue I must
now proceed to the modes in which it has been answered.

I shall first ennmerate the substances employed in aseptic
surgery.

Careoric Acip is the antiseptic employed to destroy the
particles in the air and on surrounding objects which give rise
to putrefaction. It is obtained in the solid state and of ex-
treme purity from Bowdler and Bickerdike, Church, Lan-
cashire, who give it the name of Absolute Phenol. It is used
in various forms,

The Carbolic lotions used are of two strengths—1 in 20
and 1 in 40 ; one part of crystallised carbolic acid dissolved in
20 and 40 parts of water respectively. The solution is kept in
a stoppered bottle in order to avoid evaporation of the acid. It
ought to be quite clear ; when it is not so, and more especially
when globules of oily matter are present, it is impure, the oily
particles consisting of cresylic acid. It is a mistake to add
aleohol or glycerine to aid the solubility of the acid, because these
substances hold the acid more tenaciously than water, and it is
thus not so potent for produeing a rapid effect.

Undiluted liquid carbolic acid may in some cases be re-
quired. This is obtained by liquefying the erystals by the
addition of a few drops of water. This is chiefly used for
injecting newevi, varicose veins, &c.

A solution of carbolic acid in methylated spirit or in recti-
fied spirit, in the proportion of 1-5, is used for the purpose of
purifying wounds inflicted some twenty-four or thirty-six hours
before coming under treatment,

Carbolic oil is employed of various strengths, generally
lin 5, 1in 10, and 1 in 20, consisting of carbolic acid mixed
with olive oil in the foregoing proportions.

Carbolie o1l 1-5 is but rarely used, though it is ocecasionally
applied as a dressing to foul wounds, for the purpose of purify-
ing them.
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Clarbolic oil 1-10 is used as a dressing for wounds in the
neighbourhood of the anus, penis, &e.

Carbolic 0il 1-20 is used for oiling catheters or other in-
struments before introducing them into the bladder. It is well,
however, to lay the instruments in 1-20 earbolie lotion for some
time before using them, especially where there is any disease of
the bladder.

There are various objections to these oily dressings. The

Fig. b.—HAXD SrRAY PRODUCER.

chief are, that the carbolic acid is very rapidly washed out by
the discharge, that they are very dirty, and soon spoil india-
rubber tissues.

The latter disadvantage is got rid of by the use of carbolic
acid and glycerine in the proportionsof 1-5 and 1-10. This is
now employed as a dressing in the circumstances in which the
oil has been generally used.

A spray of carbolic acid is generally employed in order to

R
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purify the atmosphere. This is obtained by driving a rapid
current of air or steam through a horizontal tube so as to pass
over the orifice of a more or less vertical one. In this way a
vacuum is produced in the vertical tube, and the fluid at its
lower end rises, and is expelled from the orifice in the form of
spray. We have two forms of spray producers: one in which
air is driven over the vertical
tube—hand or foot sprays;
and the other in which steam
is employed—steam sprays.
The hand or foot sprays pro-
duce a somewhat coarse spray,
and the force required is such
as soon to exhaust the indi-
vidual employed. They are
therefore very uncertain im-
plements, and have now en- —
e Padiven § place 1o the) Bl 6—Tnn OEDIIAAT BIRAK el A%
steam spray producers where

there is a steady current as long as the water in the boiler
lasts. 'When the hand sprays are employed 1-40 solution is
placed in the bottle. In the steam spray the 1-20 solution is
used, because the steam, mixing with the solution, reduces its
strength to 1-30 or 1-35.

I need not describe in detail the steam spray apparatus,
more especially as it can be easily obtained, of Sir Joseph
Lister’s pattern, from David Marr, High Holborn, W.C.
1t consists of the following parts: A boiler which contains
water, and which is heated by a spirit lamp placed beneath
1t. The steam issues through a tube placed at an angle to
another more upright one, through which the carbolic acid
lotion 1-20, which is placed in the glass retort, is sucked up.
This 1-20 lotion, mixing with the steam, makes a solution of
1-30 to 1-35. The carbolic acid solution passes through a
sponge at the bottom of the upright tube, which filters it, and
thus prevents the minute orifice of the tube from becoming
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choked up by coarse particles. These sprays are of various
sizes, and the largest ones have two nozzles, which may be used
singly, or together where the field of operation is large as in
ovariotomy (see fig. 8).

Fio. 7.—STEAM SPRAY PRODUCER, SHOWING THE LAMP AT PRESEXRT 1IN UsE.

It comsizts of a small flame, which plays on a plate of metal attached to a hollow
central tube eontaining a wick, and perforated by holes at the top. The heat is
communicated to the wick—the spirit volatilizez. and burng as it escapes from the
top of the tube. The hole in the plate allows the flame of the small wick to pasz up
and light the spirit vapour, which passes out through the holes at the top of the
central tube. The cap, which iz placed over the lamp when not in use, and the
boiler and vessel for the carholie aeid, are indicated by dotted lines,

Carbolised catgut is used for ligatures and sometimes for
stitches. Formerly it was prepared by immersion in carbolic oil,
but three years ago ! Sir Joseph Lister introduced a new catgut
made by the use of solutions of chromic and sulphurous acids,

which is stronger and not so rapidly absorbed as the older kind.

! Laneet, February 5, 1881.
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The catgut 1s kept dry on reels in the trough figured helow,
and an hour or two before the operation 1-20 carbolic lotion
is poured into the trough,
filling it about half full, co
that as the reel is turned
the catgut is immersed in
the lotion.

In order to have a sup-
ply of gut always at hand,
Sir Joseph Lister has de-
vised the catgut holder
ghown in the accompanying
figure (fig. 10). The gut
is wound on a reel which is
carried in a German silver '

. c Fi. B.—LARGE STEAM S5FRAY PRODUCER
case, ThB gl'lt 15 SOEIkE{l 1n WIiTH DOUEBLE NOZZLE FOR OVARIOTOMY,
1-20 carbolic lotion before
being used. Sometimes the case is combined with a caustie
holder at the other end.

C'arbolised silk: is often used for sutures, and is prepared as
follows : Nine parts of beeswax and one part of carbolic acid

Fic. 3.—TROUGH FOR (JATGUT.

are melted together. Silk thread of various sizes is steeped for
some minutes in this mixture, till it is thoroughly impregnated
with it. As the thread is taken out, il is drawn through a
cloth in order to remove the superfluous wax. The wax holds
the carbolic acid, makes the thread more useful, and fills up to
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some extent its intersiices, thus preventing it from becoming
soaked with fluids. The carbolised silk thus prepared is kept
permanently in stoppered bottles, or wrapped in carbolic gauze.

Fi16. 10.—LISTER'S POCEET CATGUT HOLDER.

A, Holder complete. B, The reel on which the catgnt is wound.

t must not be steeped too long in the lotion before being used,
because the threads become opened out. If the thread be
properly kept, the interior is aseptic or even antiseptic, and a
short immersion in 1-20 carbolic solution is apparently suffi-
cient to destroy any septic dust adhering to its exterior.

In order to protect healing wounds from the irritation of
carbolic acid a special material is employed termed the Protec:
tive. This consists of oiled silk coated with copal varnish.
When this is dry a mixture of one part of dextrine, two parts
of powdered starch, and sixteen parts of cold watery solution
of carbolic acid (1-20) is brushed over the surface. The
rationale of this method of preparation is the following : Oiled
silk alone is better for the purpose of a protective than gutta-
percha tissue, because carbolic acid does not so readily pass
through it. It does, however, do =0, and therefore copal varnish,
which is almost absolutely impermeable to carbolic acid, is
added. As, however, the fluid collects on this as on a duck’s
back, leaving intervals between each drop on which dust may
fall and escape the action of the acid, the dextrine solution is
added, and the result is that when moistened the whole surface
of the protective remains uniformly wet. The use of the
carbolic acid in the dextrine solution is not to add any carbolic
acid to the protective, but because it is better than water for
enabling the dextrine to adhere to the varnished oiled silk,
For the same reason the powdered starch is added. The
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original earbolic acid flies off very quickly from the protective,
leaving a material containing no antiseptic in its substance.

C'arbolised gawze is the material generally employed as a
dressing to guard against the entrance of causes of fermentation.
The gauze used is ordinary fine unbleached tarlatan washed and
dried. This is impregnated in various ways with one part of
cerystallised carbolic acid, four parts of common resin, and four
parts of paraffin. These materials mixed together are added to
an equal weight of unprepared gauze. The larger dressings are
kept after use and sent back to the manufacturer, who washes
and recharges them. In this gauze the carbolic acid is the
only active agent; the resin is used to hold the acid, i.e. to
prevent it from being washed out too soon by the discharge,
while the paraffin is employed to lessen the adhesiveness of the
resin. The gauze ought to be kept in a tin box closing tightly,
to prevent evaporation of the carbolic acid. It is used either
in the form of folded dressings, loose gauze or bandages.

In order to prevent the discharge from soaking directly
through the dressing, macintosh cloth is used. This is cotton
cloth with a thin layer of india-rubber spread on one side. It
is placed outside the gauze dressing. As a rule one layer of
the gauze comes outside it, partly in order to keep it in position,
and partly also, in case any hole should exist in the macintosh,
to have a little antiseptic material outside. Care is taken that
the side on which the india-rubber is spread goes next the
wound, for if the other side be placed inwards it absorbs the
discharge, and. not being itself antiseptic, becomes in reality a
piece of impure cotton in the interior of the dressing, and may
thus communicate putrefaction inwards. The macintosh itself
also gets spoilt when so used. The dressing consists of a piece
of gauze of sufficient size folded in eight layers, beneath the
outer layer of which the macintosh cloth is placed.

Sponges are washed after an operation, and are then kept
soaking till required in a jar containing carbolic acid 1-20.
During an operation they are washed in 1-40 carbolic acid
lotion.
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These sponges often become filled with fibrin, and thus
rendered more or less useless. It is very difficult to remove
this fibrin by washing. Sir Joseph Lister, therefore, after an
operation places the sponges in a tank containing water. Putre-
faction of the fibrin occurs, and after some days the sponges
can be easily cleansed. They are then placed till required in
the 1-20 carbolic solution.

‘When the wound becomes quite superficial, various prepar-
ations of Boracic Acip may be employed with advantage.

Boracic lotion is a cold saturated solution of boraciec acid
(B,033H,0) in water. This acid is soluble in 25 to 30 parts
of cold water, and in very much larger proportion when the
water is boiling. It is convenient to tinge this solution with
litmus in order to distinguish it from the carbolic lotions.

Doracic lint 1s ordinary surgical lint soaked in a hot satu-
rated solution of boracic acid and then hung up to dry. About
half its weight consists of crystals of the acid. This is also
stained with litmus.

Boracic ointment is employed in certain ecases. Two
strengths .are commonly used, called full strength and half
strength ; the former being applied to wounds where cavities
exist, the latter to snperficial wounds which one wishes to heal
rapidly.,

The following is the best formula for the full strength :—

Make a basis of 2 parts of paraffin to 1 part of vaseline.

Take of this 5 parts.

boracic acid, 1 part. Mix. Spread on thin cotton cloth.

The half strength contains half the quantity of boracic acid.

Salicylic acid creain is used for applying around a wound
when a dressing is to be left on for some days. It prevents
irritation by the discharge. It formerly consisted of salicylie
acid erystals mixed with 1-20 earbolic acid lotion in sufficient
guantity to form a creamy fluid. This is apt to separate into
two layers, and therefore it is better to make a cream by mixing
salicylic acid with glycerine so as to form a paste. This latter
cream remains of uniform consistence, and is easily applied. For
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this purpose Sir Joseph Lister uses glycerine and carbolic acid
1-10.

The formula for Salicylic ointment is—

Of the same base as is used for boracic acid . : 29 parts
Salicylic acid . : : - - - : : 1 part.

For the purpose of purifying sinuses, putrid uleers, &c., a
solution of chloride of zinc is used of the strength of 40 grs. to
the oz. of water. This is either applied on lint to the whole
surface of a wound, or it is injected by means of a syringe and
catheter into all the deep parts of the wound, care being taken
to provide free exit for the fluid injected. If the exit of the
solution is obstructed, it may pass into the tissues and cause
gﬁ,ugrene.

Jodoform is now applied to the surface of ulcers, and answers
the same purpose as the chloride of zinc solution, while it causes
no pain.

C'arbolised cotton wool is used in some cases of gangrene. It
1s obtained by soaking pure cotton wool in a 1 per cent. solution
of earbolic acid in ether. The cotton is then dried and used
immediately.
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CHAPTER V.

ASEPTIC SURGERY—(continued).

Example of an aseptic operation: Purification of the skin—Fingers—
Instruments : Spray—Precautions—Probable errors, and mode of
remedying them : Guard : Ligature of arteries: Drainage of wounds
—India-rubber tubes—Catgut drains—Horse hair—Decalcified bone
tubes (Neuber’s and MacEwen’s): Sutures: DButton stitches—
Stitches of relaxation—=5Stitches of coaptation—Aseptic strapping —
Protective : Deep dressing : Loose gauze: Gauze dressing : Elastic
bandage. CHANGING THE DRESSINGS—Time — Method. TREAT-
MENT OF ULCERS—Purification of the sore: Boracie dressing:
Boracic and salicylic ointment : Boracic poultice.

Havive described the materials employed in aseptic surgery
we must now consider how they may best he employed. Take
as an example of an operation the removal of a fatty tumour.
The skin over the tumour, and for some distance in the
vicinity, is thoroughly purified from any active dust by washing
it well with a solution of carbolic acid 1-20. This washing is
now generally done an hour or two before the operation, and a
cloth soaked in the 1-20 lotion is bandaged on the part. In
very important operations, as in joint operations, opening
psoas abscess, &e., the skin is washed on the previous day, and
a soaked towel is applied and kept on during the night. The
instruments are also placed in 1-20 carbolic lotion, if possible,
for an hour or longer before use. The surgeon and his assist-
ants wash their hands thoroughly in 1-40 lotion, or in
important operations in 1-20. The patient having then been
brought under the influence of chloroform or other anssthetic,
a towel is arranged close to the tumour, generally on the part
of the table between the operator and the patient, which towel
has been well soaked in 1-20 carbolic lotion, and is meant as
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an antiseptic basis on which instruments may be laid during
the course of the operation without any fear of their contamina-
tion. This towel is so arranged as to be within the cloud of
spray. A spray being now made to play over the part from a
convenient distance, the surgeon makes his incisions, removes
the tumour, ties the vessels with eatgut, introduces a suitable
drain, stitches up the wound, and applics a piece of protective
but little larger than the wound—the protective being of course
dipped in the 1-40 ecarbolic solution. Outside this is placed
a piece of wet gauze, consisting of several layers of loose ganze
which have been soaking for some time in the 1-40 carbolic
solution. This wet gauze and protective are called the deep
dressing. The wet ganze must overlap the protective in all
directions. Then any remaining hollow is filled up with loose
gauze, and outside the whole a gauze dressing is fixed. This
dressing consists of a piece of carbolic gauze of suitable size,
folded in eight layers, and having the macintosh placed
beneath the outermost layer, with the india-rubber side
inwards, The dressing is fixed by means of a bandage, and
when this is accomplished the spray may be stopped. Then
around the edge of the dressing an elastic bandage is applied
g0 as to keep the edge constantly in contact with the body, and
to allow no interval to occur between the dressing and the skin
during the movements of the patient. The elastic is carefully
fixed to the edge of the dressing by means of safety pins.

In the after progress of the case the dressing is changed
according to the amount of discharge, though in no instance is
it left longer than eight days.

Such is, very briefly, a sketch of the ordinary method of
performing operations aseptically. I shall now consider each
step in detail, and point out the most frequent sources of
failure in carrying out the method; for it must always be
borne in mind that the whole operation, as far as regards the
avoldance of putrefaction, requires as much care as if it were
an experiment performed in a laboratory on putrescible fluid
contained in glass vessels.
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The first thing, then, is to purify the skin in the neigh-
bourhood of the seat of operation. This is necessary, because
the skin is covered with dust. The natural grease of the skin is
not easily removed by simple washing, and it protects the septic
particles present beneath it and in the hair or sebaceous follicles.
This purification of the skin is carried out by washing it well
with 1-20 carbolic lotion, the antiseptic being allowed to act
for some time. It is well, as I have said, having first washed
the neighbourhood thoroughly, to apply over the seat of
operation a large cloth or towel soaked in 1-20 solution, and
to allow this to remain on the part for an hour or more if this
iz possible. Where the epidermis is thick, or where there is
any putrid matter present, it is best to apply this towel on the
day before the operation. The carbolic acid has a wonderful
power of penetrating grease or epidermis; and if time be given
for it to act it is unnecessary to wash off the grease beforehand.
If the wound is to be in the neighbourhood of hair, as in the
axilla or near the pubis, the part must be shaved, and then
well soaked with the carbolic lotion.

The errors in the purification of the part may be that the
skin is not purified at all, or that it is washed with water; or,
as I have seen, the operator simply allows a carbolic spray to
play over it for a minute or two, and is satisfied with this; or
he merely rubs the surface with his wet finger. This purifica-
tion must, however, be done thoroughly, for every hair follicle
and gland duct may contain causes of putrefaction. Carbolie
oil is used by some instead of the watery solution to puiify the
skin. This is a great mistake, for oil has a much greater
affinity for carbolic acid than water has, and therefore the
carbolic acid in the oily solution does not act with the same
rapidity as the watery solution. The inefliciency of the oily
solution for this purpose will be at once understood on referring
to the remarks in the last chapter.

At the same time the operator and his assistants purify their
hands, This must also be done thoroughly, and the folds of
skin about the nail more especially must be well cleansed with
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the lotion. In an important operation, as in an operation on
a joint, it is well to use 1-20 carbolic lotion for this purpose,
g0 as to avoid the chance of a particle escaping ; but in ordinary
operations 1-40 1s g nite sufficient. This purification of the
bands is only too apt to be a sham, no care being taken about
the nails and folds of skin. The 1-20 is not used in all cases,
because 1-40 is really sufficient, and the stronger solution is
apt to benumb the hand.

The instruments are purified by immersion in 1-20 carbolic
lotion before the operation. A tin or porcelain trough filled with
the 1-20 solntion is employed for this purpose, the instruments
being placed in it some time before an operation (fig. 11). The
instruments are not merely dipped ; they must remain in the

Fig. 11.—PoRCELAIX TROUGH CONTAINING INSTRUMENTS SOAKING IN CAREBOLIC
LoTION,

letion for some time, because the carbolic acid requires a little
time to act on the grease or dirt onthem. The teeth of toothed
instruments ought also to be cleaned thoroughly, and forceps
locking by catches ought to be widely opened, so as to allow the
solution to come in contact with all parts. The whole instru-
ment must be immersed, for if only the point be purified it may
happen that the impure handle is inadvertently brought into
contact with the wound during the course of the operation.

The errors most likely to oceur are either that during the
conrse of the operation an instrument not previously in the tray
is used without any attempt at purification, or that the instru-

ment is imperfectly purified or only part of it cleansed. I have
, E
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seen the danger of partial purification more than once exem-
plified. Thus I have seen the blade of a knife alone purified,
and the surgeon in the middle of the operation use the unclean
handle to separate the tissues. Other errors in the manipu-
lation of instruments will be referred to presently.

The spray is very important in many cases, for it provides
an atmosphere in which instruments, &e., may be kept without
danger of contamination. In order to have a wide and large
antiseptic area in which to work, the spray ought not to be too
near, about six or eight feet or more being a suitable distance
for a good spray. Care must be taken that the spray is not
blown off the part by draughts or by people moving about. The
spray is most necessary in opening abscesses or in stitching up
wounds, for, to take the latter case, as the wound is not syringed
out after the stitches are inserted, septic air may be inclosed in
the cavity of the wound, and may give rise to putrefaction if
the spray has not been playing over the wound while the
stitches were being introduced.!

During the course of an operation any instrument which has
been once purified, if kept in the spray, even though covered
with blood, remains pure, and may be introduced into the wound
without hesitation. The same is the case with the hands of
the operator or assistants ; and therefore the dresser, in handing
instruments to the surgeon, muwst hand them into the spray
(fig. 12). TIf in the course of the operation the surgeon reaches
his hand or an instrument out of the spray for any reason
whatever, it must be repurified before being put into the
wound. For this purpose there is generally a basin of 1-40
carbolic lotion placed close to the operator in the line of
the spray, in which fingers, instruments, &c., may be re-purified
by momentary dipping. When instruments are laid down
out of the spray, or, in the spray, oo a blanket, they must

1 Astheresult of recent observations it is open to question whether the
,f{ﬁg:ﬁhf._ﬁ ceally fulfil the object in view of destroying all the bacteria in
) the air. I& wever, constantly bedews the surface of the wound with
) B ) & lotiep, Yo that if living organisms do fall in the action is con-
JAN q'muggir iile ft wjill hinder their development if they should not be killed.
ta psthe pands and instruments constantly moist with the lotion.

————
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be repurified before being used again. To provide a basis
on which instruments may be laid, the carbolised towel is
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with wet towels, so as to avoid the chance of the instruments
being laid on the blankets (see fig. 13). Should the operator,
during the course of an operation, wipe his hands in a dry towel,
or touch any unpurified substance, he must remember to wash
his hands in 1-40 carbolic lotion before re-introducing them into
the wound.
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Fiz. 13.—To SHOW THE ARRANGEMEXT oF ToWwWELS, :S;c‘., I¥ A LARGE OPERATION.

@i o are three towels which have been zoaked in 1=-20 carbolie lotion, so that instru-
ments &c., may be placed on them without fear of contamination. Thus a small
sponge will be seen on the upper one. d is the dish containing 1-40 earbolic lotion
which always stands before the operator, and in the line of the spray. In this he
places the instruments which are not being uzed, and in it he repurifies his hands
or instruments if they have been removed from the elond of spray. In this partienlar
instance we have a large wound, ¢, to deal with—one so large that a single spray, unless
of large volume, may not cover it completely., Hence a piece of guard, b, soaked in
carbolie lotion iz thrown over the front of the wonnd while the surgeon iz attending
to the axillary part. or vice rersd.

These precautions seam on the one hand self-evident, while
on the other they seem so burdensome to remember that they
are often neglected by self-sufficient surgeons. And yet it is by
the neglect of these, rather than by error in any other part of the
Listerian method, that mistakes ariseand failures occur. Many
people think that the spray is the essential part of the treat-
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ment, and neglect the precautions as to constant purification of
instruments, &c., and when their cases go wrong they say that
the principle is incorrect. And yet one thoroughly acquainted
with the Listerian method will readily detect the loopholes,
and the general loophole is the omission of some of the pre-
cautions with regard to purifications of fingers, instruments, &c.
Thus I have seen a surgeon with considerable experience in
aseptic treatment, during the course of a difficult operation wipe
his hands with a dry towel and immediately introduce them,
covered with the dust from the towel, into the wound. The
patient died of septic poisoning. Now many surgeons might
have said, ¢ I used the spray ; I usedall precautions ; my instru-
ments were soaking ; my hands were purified :’ forgetting this
one little incident. When the point was mentioned, however, the
mistake was at once seen. People are too apt to trust to the
spray as sufficient, and to speak of aseptic or Listerian surgery
as treatment by the spray. This is a great and often fatal
mistake. Of all the precautions required by Sir Joseph Lister,
that of purifying the air by means of a carbolic acid spray is
the least necessary, for there are but few septic particles present
in the atmosphere, and even though some of them fall on to a
wound they may be rendered inert by washing the wound with
carbolic lotion. It mustalways be remembered that Sir Joseph
Lister carried out aseptic treatment for years with great success
without any spray; and if at the present time he were compelled
tfor any reason to give up some one precaution, he would at
once throw aside the spray, as that one which is least necessary,
and which could be the most readily dispensed with. At the
same time the spray is an immense convenience in many cases,
more especially in abscesses, empyemata, in stitching up wounds,
&e. ; and it saves the necessity of applying a great deal of car-
bolie acid to wounds by irrigating them, with the consequent
irritation and risk of carbolic-acid poisoning.

To return to the errors which may arise in this part of the
treatment. It may be that the spray is too near, and that thus
the cloud is so narrow that the surgeon is constantly getting
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his hands or his instruments out of it, and forgetting to repurify
them, There are other disadvantages when the spray is too
near. Thus it is very wetting, and the hands of the surgeon
and the wound are unnecessarily irritated by the carbolic acid.
If too near, the opaque spray also obscures the field of vision.
Other sources of error are that instruments may be used which
have never been purified, which have been only imperfectly
purified, which have after their use lain about outside the spray
or on blankets, &c.; or it may be that the carbolic acid gets
exhausted in the spray bottle, or that for some other reason the
spray does not act properly.

What is to be done should any of these accidents oceur?
Suppose that an impure instrument or finger be introduced into
the wound, that wound must be at once thoronghly washed out
with 1-40 carbolic lotion. 'This is a bad thing for the wound,
because it irritates it, and may prevent healing by first inten-
tion ; or by causing a much larger quantity of discharge than
usual, the gauze dressing may be so saturated with the discharge
as to render it unable to prevent the spread of putrefaction in-

wards. Therefore it is better to use the spray, and to take all-

the precautions before mentioned. Should the spray stop, the
wound must be washed out just as in the former case, and then,
till the spray can be set agoing again, the wound is covered with
a piece of rag soaked in carbolic lotion.

This piece of rag, called the guard, ought to be always
present in the basin by the side of the surgeon, and when there
is any indication that the spray is failing, or should it be
advisable to stop the spray for any reason, this is thrown over
the wound for the time being. Should any time elapse before
the spray is again ready for use, this guard must be repeatedly
moistened with carbolic acid lotion 1-40.

‘Where the wound is very large it may be protected during
the operation either by having two sprays, or by covering up the
part of the wound which is not being operated upon by a guard
(see fig. 13).

The arteries are ligatured with catgut. This ecatgut is
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generally employed of three different sizes. The largest is
used only for large wvessels or for stitches; the medium for
medium-sized vessels, or for vessels in inflamed or dense tissues
where considerable force is required to constrict the vessel, or

Fic. 14.—MeETHOD oF TyiNg VEsS=ELs I¥ DExsE Tissves.
(After MacCormac.)

for stitches ; the small or fine eatgut is that ordinarily employed
for the smaller vessels. The wvessel having been sccurely tied,
the catgut is cut short and gives no more trouble. It is well
to tie all the visible bleeding
points, because a little oozing
of blood may give trouble
afterwards from tension. If
the vessel be situated in dense
tissue, so that a ligature can-
not be applied around it, a
needle carrying a double cat-
gut thread should be passed ==
through the tissue and tied on  Fic. 15.—Axormer Mernop or Tyive
each side of the wvessel (see wssi;;:x il o i
n Esmarch.)

figs. 14 and 15). Where the

bleeding is from a tear in a large vein, and where it would be
dangerous to ligature the vessel, I have seen the following
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method adopted by Sir Joseph Lister. In removing some
cancerous glands from the axilla, a small vein was torn away
from the axillary vein at their junction, making practically a
longitudinal rent in the axillary vein. Taking a fine curved
needle and the finest catgut, he stitched up the rent by the
glover’s suture. The patient recovered without the slightest
bad symptom. There was no pain in the wound, nor swelling
of the arm, &e. In another case where the longitudinal sinus
was Injured in trephining the skull, the wound was plugged
with catgut, and the patient recovered without any untoward
symptom.

The drainage of an aseptic wound is the point next in im-
portance to keeping the wound aseptic. For if the blood and
serum which collect in the interior of the wound within the
first twenty-four or forty-eight hours do not get free exit, they
give rise to tension, and tension gives rise to inflammation, and
the latter, if allowed to go on long enough, to suppuration ;
and thus the rapid healing of the wound is prevented though
the patient is not as a rule subjected to any danger to life. To
avoid these consequences Sir Joseph Lister has paid very special
attention to the drainage of wounds. There are two main ways
in which this may be done—drainage through tukes, or drainage

by capillarity. The former is the most universally applicable

and the most certainly successful.

Drainage by means of tubes is the form of drainage first used
by Sir Joseph Lister, and, as just stated, is that which is most
universally applicable. The tubes generally employed are the
india-rubber tubes introduced by Chassaignac, though of late the
kind of rubber has been altered, that now used being red rubber,
which contains no free sulphur. By the use of these red rubber
tubes disagreeable smells and blackening of the protective, which
often occurred when the black tubes containing free sulphur
were employed, are avoided. These tubes have round holes cut
in them at short intervals, the diameter of each hole being about
one-third of the cireumference of the tube. At the outer end
the tubes are cut flash with the surface of the skin—straight

S e
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across if the tube goes directly downwards, or with varying
degrees of obliquity according to the direction which the tube

FIG. 16.—ORDIXARY OBLIQUE-EXDED DRAINAGE-TUBE READY FOR USE,

takes (fig. 16). The tube must not project beyond the surface,
for if it does its orifice gets compressed by the dressing, and the
exit of fluid is prevented. To keep the drainage-tube from
slipping in, two threads of carbolised silk are fastened into it at
its orifice, and tied ina knot. This knot, held between the

Fig, 1T —DRAINAGE-TURE WITH MAssES OF GAUZE IN THE Loors oF THREAD.

dressing and the skin, retains the tube in position. In some
cases, however—as, for example, in empyema—the tube might
slip in in spite of these threads, and therefore it is well to fill
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up the loops with strips of gauze soaked in the carbolic lotion
(tig. 17). These absolutely prevent the tubes from slipping in.
These tubes are always kept in a large vessel containing 1-20
carbolic acid solution, and are thus always ready for use. When
a tube is altogether removed from a wound it is not thrown
away, but is washed and put into the bottle with the other
tubes, and used for another case. These tubes vary in size,
according to the size of the wound and the amount of discharge
expected, and are arranged so as to drain the parts of the
wound which form cavities, or from which the greatest amount
of discharge will come. It is not necessary that their orifices
be dependent, though it is of course better that they should be
so. It is not essential, however, because the fluid, as it forms,
wells out, and, not being putrid, that which lies at the bottom
of the drainage-tube does not cause irritation. In cases where
the most dependent opening would be near sources of putrefac-
tion, it is well to have the
drainage-tube in another
part of the wound, even
though it be not so depen-
dent. Thus in inguinal
hernia the tube would no
doubt be in the most de-
pendent part if its orifice
were close to the pubis, but
as that would be much too
near sources of putrefac-
tion, such as the vagina and
penis, the orifice of the tube
ought to be at the outer

angle of the wound (see fig.

Fiz, 18.—Ixciziox For INGUINAL HERXIA, Q > x
STITCHED, SHOWING THE POSITION OF THE 1“‘} . In a la =€ wound it
IRAIRNAGE-TUEE AT THE (QUTER AXNGLE OF is WEH to have more thﬂ.l]
THE WoOUXD. S=ah

one tube; and it is better
to have two smallish tubes in any case, rather than one large

one, because on the day after the operation one of these tubes
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may be removed altogether ; whereas if a large one were pulled
out in order to insert a smaller, there would be the greatest
difficulty in introducing either. No tube which one wishes to
put back again should be removed till the third day, on account
of the difficulty of returning it. By that time, however, it lies
in a channel in the blood-clot or lymph, and slips back easily.
Fig. 19 represents forceps introduced by Sir Joseph Lister, and

Fiaz. 19.—S1mxve FORCEPS.

called  sinus forceps,” which are of the greatest service in insert-
ing drainage-tubes. Generally on the third day half the tube is
cut off, and it is reduced in length at subsequent dressings till
it becomes no longer recessary. No exact rules can be given
for shortening or leaving out the tube. This must simply be
a matter of experience, guided by the amount of discharge and
the tendency to accumulation or otherwise. Should tension
oceur, a larger and longer tube ought to be at once introduced.
A point which has always seemed to me of great importance
in connection with the use of these tubes, and one which has
apparently been overlooked, is the following. A tube is taken
out of earbolic lotion at some distance from the spray, is carried
through the air, and then directly introduced into the wound.
I ean hardly believe that when a large tube is taken out of the
lotion there would be sufficient vapour of carbolic acid in it to
destroy any septic dust which might get into its interior, for
a considerable mass of air must take the place of the fluid, and
this amount of hospital air may often, as I have found by
experiment, contain causes of putrefaction, Of course when
passing through the spray this air may be displaced or purified,
and also when introduced into the wound a considerable amount
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of it would be forced out ; while at the same time there is a good
deal of carbolic acid present, and purification in one way or
apother would probably occur. And, further, the purifying
power of healthy living tissues must be taken into account.
But in the case of a cavity, puritication in any of these ways may
not happen, and putrefaction may result. My suggestion there-
fore is always to take the tubes out of the lotion in the spray,
and then the air which enters them will be air previously acted
on by the spray.

Drainage by capillarity was introduced by Mr. John Chiene,
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Fia, 20.—CaTcrr DRAIY BEADY FOR INSERTION.

who was also the first to enunciate the principle of absorbable
drains. For this purpose he uses catgut, and generally the
finest threads. A skein of catgut, containing say twenty threads,
is tied at its middle by a single thread of the same gut. One
end of this thread is passed through a needle (fig. 20), and by
means of this the centre of the skein is stitched to the deepest
part of the wound (fig. 21). The skein is now broken up into
bundles of five or six threads each. One bundle comes out at
each angle of the incision, and the other bundles at intervals
between the stitches (fig. 22). More than one skein may be
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required in a large wound. This eatgut becomes absorbed, and
never requires to be removed. In five or six days the ends
which hang out drop off, and little granulating sores are formed
which heal in a few days. In this method the serum escapes
by ecapillarity, and by distributing the threads over various
parts of the wound the true principle of drainage is carried out ;
for, as pointed out by Mr. Chiene, in draining a field one does

FiG. 21.—0OPERATION FOR STRETCHING THE SCIATIC NERVE.
Catgut drain stitched to the deepest part of the wound, beneath the glutens maximus,
and broken up into four separate bunches.
not have one large drain going from one end of the field to
another : on the contrary, the field is traversed by numerous
small drains. And so, in Chiene’s method of draining wounds,
we have a number of small drains traversing the wound in
several directions. In this method there is no trouble about
pulling out the drain, and no necessity for changing the dressing
simply to remove a tube ; the drain disappears of itself. Tt is
well to leave the ends of the catgut outside the wound as long
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as possible, so as to get a siphon action, and care must be taken
not to break up the bunches of catgut outside the wound, for
the capillary action occurs in the intervals between the threads
when they are closely apposed.

The objections urged against this method are, firstly, that
in large wounds it is not sufficient and that the catgut becomes
a pulpy mass, and when in large quantity takes a long time to
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Fiz. 22.—THE SAME WOUKD STITCHED.

The bunchez of eatent coming ont at intervals between the stitehez. (The wound has
been exaggerated, and the threads of catgnt separated, in order to show the method
more clearly. The threads of catgnt onght to lie in close apposition, for it is the
intervals between the threads which act as capillary drains., )

organise. Not only may it be insufficient at first, but it may

become absorbed too soon—hefore, indeed, a drain of some kind

can be dispensed with.

Now these objections rest in great part on the fact that the
drain is often improperly employed. If, for instance, it be not
stitched to the deepest part of the wound, the catgut may slip
and the deeper parts may not be drained ; and again, if a large
bundle of it be used, coming out at one part of the wound only,

TS
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it does become a pulpy mass, and takes a long time to organise,
But this is not the method recommended by Mr, Chiene, for he
says that only five or six threads ought to be brought out at
each place. There is, however, no doubt that in some cases it
is absorbed too quickly, and this was the real objection to the
use of this method when we had only the catgut prepared by
the old method, though even with it, if the gut was well pre-
pared and old, the drainage was often very satisfactory. This
difficulty is lessened by the use of the chromic catgut ; the only
difficulty now is that the drain lasts too long. Of course, if
necessary, the ends of the drain can be cut off, when it has
served its purpose, below the level of the skin, and then, even
though the internal part be not all absorbed, the wound can heal
completely.

Catgut can only drain fluids such as blood or serum ; it
cannot drain pus. It is, moreover, unsuitable in cases of chronic
abscess, where we have only a serous discharge, because the
catgut is absorbed at the surface long before a drain can be
dispensed with,

If the wound is very large it is best to introduce tubes as
well as catgut drains at first, The tubes may be removed in
twenty-four hours.

Instead of catgut, horse-hair has been a good deal used.
This is simply laid into the wound in the situation where it
seems most required. It is diminished by degrees, threads
being taken out at various intervals of time. Tt has an advan-
tage over catgut in draining joints, for no part of the drain
remains in the interior of the joint, while portions of eatgut do.
Further, it is not absorbable,

But it has the same disadvantages as the drainage tubes,
and it is not readily retained in the deeper parts of the wound.
It is, however, preferred by Sir Joseph Lister to the catgut.

It is easy to re-introduce a horse-hair drain if necessary by
proceeding in the following manner: A sufficient quantity
being taken, the bundle is bent at its middle over a probe, and
tied close to the probe by carbolised silk (fig. 23). In this
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way, the probe being withdrawn, a blunt compact end is obtained
which may be introduced into the wound with ease.

The principle of absorbable drains has also been applied
by Dr. Neuber of Kiel ! in his absorbable drainage tubes.
These are tubes drilled in long bones, and then decaleified and
carbolised. Holes are afterwards cut in the sides, and they are
used like ordinary india-rubber tubes. These tubes are said to
answer very well, though they are sometimes absorbed too soon,
and sometimes last too long, They sometimes get soft and
collapse about the third or fourth day, and thus, though not
ansorbed, become useless as a drain,

Dr. MacEwen 2 has lately somewhat modified Neuber’s tubes.
He uses chicken-bones, which are already hollow, and decalcifies

Fic. 23.—METHOD 0OF PREPARING A HoRSE-HAIR DRAIN FOR RE-INTRODUCTION.

them. ‘The method of preparation is as follows: The tibim
and femora are scraped and steeped in hydrochloric acid and
water (1 to 5) until they are soft. Their articular extremities
are then snipped off with a pair of scissors ; the endosteum is
raised at one end and pushed through to the other extremity,
along with its contents. They are then re-introduced into a
fresh solution of the same strength until they are rendered a
little more pliable and softer than what is ultimately required
(as they afterwards harden a little by steeping in the carbolised

1 ¢ Ein Antiseptischer Dauerverband nach griindlicher Elutstillung,’
von Langenbeek’s Arehiv, Bd. xxiv, Heft 2.
2 British Medical Jouwrnal, Feb. 5, 1881.
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solution). When thus prepared they are placed in a solution of
carbolic acid in glycerine 1-10. They may be used at the end
of a fortnight from the time of introduction into the glycerine
solution. Holes may be drilled in them with a punch, or elipped
out with scissors.” These tubes are threaded with horse-hair
before being introduced into the tissues. This hair helps to
maintain the calibre of the tube during the first few days, and
also itself acts by capillarity.

The average duration of MacEwen's tubes in the tissues
was something over eight days. If, however, a tube is likely to
be required for a longer time, it can be obtained by steeping
the decalcified tubes in a chromicised instead of a carbolised
solution. These resist the action of the tissues for two or three
weeks.

The accurate stitching of the edges of the wound is another
feature in aseptic surgery. In operating aseptically the same

Fi¢. M. —LEAD BUTrroxs FOR DEEP STITCHES.

A, The present form, deseribed in the text. B, Form of buttn 1 devised by Dr. Ogilvie
Will (seen in section). C, The old form, 1.\!|ur,|<, the wire was fastened 'm. 51'14-||1r'1t
beneath the button.

care need not be taken to remove as Jittle skin as possible, as

is necessary in wounds treated by other methods where swelling

and inflammation of the edges are expected. One may take
away a wide sweep of skin, such as would seem to render
hopeless any attempt to bring the edges of the wound into
apposition ; and yet if the edges can only be apposed, and if
the wound remains aseptic, union by first intention may be
expected along the whole line.

Button smc.-"ws are employed to relax the m'[nre:-, of the

1|'|
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wound, and thus to leave the cutaneous margins free from the
irritation which must occur if they are tightly drawn together.
These consist of flat pieces of lead cut of an oval form and of
various sizes, perforated in the centre by a hole through which
silver wire is passed, and provided with two lateral wings round
which the wire is twisted (fig. 24). (There are various forms
of button suture, but all act on the same principle.) These are
applied some distance on each side of the edge of the wound,
and connected by strong silver wire drawn tight enough to
permit the edges of the wound to come easily together. The
number used varies according to the amount of tension. In
order to bring the edges of the wound into actual contact,

||!|' 'I"'l '..'n ¥
| "lll'l ||
.l"

Fi1G. 25.—WoUXD AFTER REMOVAL OF MAMMA AND AXILLARY GLAXDS, STITCHED.
To show the three kinds of stitchez. The button stitches will be at once recognis=ed ;
the thick stitches, of which three are represented, are the ﬁtltﬂhﬂb of relaxation ;
and thea 1‘elnﬂ1:|u]er are the stitches of coaptation.
two sets of stitches are employed : silver wire stitches, which
take a good hold of the tissues and are placed at regular inter-
vals, termed stitches of relaxation ; and in the intervals between
these, in order to have the cutaneous margins accurately applied
to each other, numerous stitches of coaptation, consisting of
carbolised silk, horse-hair, or catgut (fig. 25). The speedy
healing which occurs when the edges of the wound are aceu-
rately brought in contact, while they are at the same time,
by the button stitches and the stitches of relaxation, freed from
any tension, rewards the surgeon for the time spent in insert-
ing a large number of these stitches of coaptation,
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In taking out these stitches it is best to follow a reverse
order to that of insertion. The first to be removed are the
stitches of coaptation, while the stitches of relaxation ave pro-
bably eut on the same day. Do not be in a hurry to remove
the stitches where there was much tension in bringing the
edges of the wound together. A week or ten days is time
enough,

Should the wound gape, strapping may be employed, even
under an antiseptic dressing. To render the strapping aseptie,
it is immersed in warm carbolic lotion (one part of 1-20 and an
equal part of boiling water) before being applied. This both
renders it aseptic and also takes the place of the hot-water can
for heating the strapping.

Having proceeded thus far in the aseptic operation—having
tied the vessels, arranged the drainage, and brought the edges
of the skin well together—we must now apply a dressing which
shall prevent the occurrence of putrefaction till the case is
again seen.

In applying a dressing we must in the first place be careful
tomake it as little irritating as possible to the young epithelinm
along the line of incision. The dressing usually employed is the
carbolic gauze ; and, to prevent the irritation of the healing edge
of the wound by the carbolic acid, a piece of protective is inter-
posed between the gauze and the wound. This protective is
cut a little larger than the wound, and it is well to cover the
buttons with a little bit also, in order to prevent the threads
of the gauze hecoming entangled in them. This protective
need not extend over the orifice of the drainage tube, as its
essential object is to protect the healing part from the irritation
of the carbolic acid. The protective is also of use in preventing
the dressing from sticking to the wound, and in preventing the
formation of scabs, and the consequent possible reteution of the
discharge.

An error which is frequently made is to put on too large a
piece of protective. There is nothing antiseptic in its substance,

and it protects the discharge beneath it from the action of the
F 2
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carbolic acid. Therefore if at any part it projects beyond or
comes close to the edge of the dressing, it allows the causes of
putrefaction to spread inwards beneath it, and prevents the
carbolic acid from acting on this putrefying discharge. It is
therefore a very good rule, having covered the wound with
sufficient protective, to look on this protective as a wonnd, and
to be as careful in having the gauze dressing overlap it in all
directions as if it itself were the wounded surface. Where
there is very little space for overlapping, as in inguinal hernia,

Fig, 26.—EXCISION OF THE Hipr-JoINT.
Wound stitched ; protective and deep dressing applied.

no protective ought to he applied. It is better to have some-
what slower healing than to have miero-organisms spread into
the wound. As mentioned before, this protective is dipped in
carbolic lotion 1-40 before being applied.

Outside the protective a piece of gauze wet in the carbolic
lotion 1-40 is applied so as to overlap the protective in all
directions. The reason for wetting the gauze is that dry gauze
is apt to receive dust on its surface before being used, while at
the ordinary temperature of the atmosphere but little carbclic
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acid is given off from {he gauze, certainly not enough to destroy
immediately the activity of the septic particles in the dust.
But if the piece of gauze applied next to the protective be
moistened in the 1-40 solution, this dust is at once deprived
of septic energy, and we apply over the wound a layer of pure
and powerfully antiseptic material.

The piece of wet gaunze and the protective go by the name
of the deep dressing. This deep dressing may in some cases,
and more especially where catgut stitches and catgut drains are
used, be left for several days undisturbed. In this way the
wound is not irritated by the application of carbolic acid to it
every time the dressing is changed. If the deep dressing be
thus left on, it must be remembered that the deep piece of
gauze loses all its carbolie acid very soon, and that therefore
it must be treated as a wound—i.e. in renewing the dressing
this deep part must be overlapped in all directions by a piece of
wet gauze, and that again by a dressing of suitable size,

In some cases it may be desirable to fix down the deep
dressing with a piece of gauze bandage. If it be intended to
leave on this deep dressing for some time it is well, before
applying it, to rub the neighbourhood of the wound with the
salicylic eream mentioned before. It sometimes happens that
when a dressing is left on for many days together, the discharge
becomes somewhat irritating, and the skin around the wound
becomes excoriated. This is generally entirely prevented by
the use of salicylic eream.

Having arranged the deep dressing in a suitable manner,
any hollows which exist in the neighbourhood of the wound
are filled up with carbolic gauze, and special masses of this
material are placed where the greatest amount of discharge is
expected. Outside this comes a large gauze dressing. In making
the gauze dressing a piece of macintosh cloth with the india-rubber
side uppermost should be laid on a table and sponged with 1-20
carbolic lotion ; the gauze is laid on this. The gauze is folded in
eight layers, or sixteen if much discharge is expected, and a
piece of macintosh cloth of the size of the dressing is placed
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beneath the outer layer, with the rubber side towards the mass of
gauze. The size of this dressing varies according to the amount
of discharge expected, but in all cases it must extend well be-
yond the deep dressing in all directions. Some special examples
will be mentioned presently.

This dressing is fixed on with a suitable bandage. The gauze
bandage is preferable to an ordinary bandage under certain
circumstances. It is especially convenient in bandaging a
stump next the skin to prevent retraction of the flaps, and also
for fixing down the deep dressing. It also increases the amount
of antiseptic material outside the macintosh if there happens
to be a hole in it. But for ordinary use in fixing on dressings

FiG. 27.—DRESsSING INX A CASE oF PRoAS ABSCESS OPENED ABOVE POUPART'S
LIGAMENT.

To show the arrangement of the elastic bandage along the margins of the dressing.

very light and cheap bandages may be made from the ordinary
thin muslin which is used as a guard. They do not stick to
the skin as the gauze bandage is apt to do.

The dressing is pinned round its edge to the bandage.
Care must be taken not to put pins through the macintosh at
any part except at its edge. Pinholes through the centre of
the macintosh simply defeat its object by permitting the
discharge to come directly through the dressing. The object
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of the macintosh is to make the discharge travel through a
large extent of the gauze, and thus the same result is obtained
as if a mass of gauze were applied over the wound, of the same
thickness as the distance from the centre of the macintosh to
its edge. If, therefore, there be a pinhole near the centre of
the macintosh, the object of the latter is seriously interfered
with. Accordingly, it is always the duty of the person who
makes the dressings to examine the macintosh with the view
of detecting any holes in it.

If the dressing is to be used as soon as it is made up, it is
well to sponge the surface of the macintosh with 1-20 carbolic
lotion before inserting it into the dressing. The same piece of
macintosh may be used for a whole case, or for more than one—
so long, in fact, as it does not become worn into holes. Two
pieces of macintosh are generally provided for each case, and
a dressing is always made immediately after the case has been
dressed, and is ready for application at any time.

During the movements of the patient, the edge of the dressing
might become separated from the skin, and air pass into the
space thus formed. To prevent this, the German surgeons as
a rule pack in salicylic jute or wool beneath the edge of the
dressing. This may serve the purpose, but it is by no means
safe. Sir Joseph Lister some time ago introduced the use of
elastic webbing, which is of various breadths. It is better
not to be too broad. It is put moderately on the stretch, and
surrounds the edge of the dressing. Its general arrangement
varies of course with the situation. It is not much used on the
extremities, because the arm or leg is generally so fixed by
means of splints that there is no chance of separation of the
dressing.

The operation and first dressing having now been completed,
the question arises when the dressing should be changed. It is
only extremely rarely that it is necessary to change it the same
evening. The only cases in which this is usunally done are
large empyemata or very large abscesses, and cases of amputa-
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tion at the hip-joint, where the discharge of bloody serum is
profuse, and where there is but little space for overlapping of the
dressing.

.~ As arule, the dressing ought to be changed entirely on the
following day, the deep part as well as the superficial. It is
well to change the deep dressing in order to see that none of
the stitches are too tight, and that the drains are acting properly.
After the first day the deep dressing need not be touched, unless
the patient is complaining of uneasiness, or unless the surgeon
wishes to see the wound for the purpose of removing stitches
or drain. If it is not necessary to disturb it, it may, especially

Fig. 28.—METHOD OF CHAXGING A Panas ARSCESS DRESEING.

A, Hand of patient holding down the dressing over the wound. BE, Hands of snrgeon
lifting the lower edge of the dressing (C). D, The spray machine so placed that the
spray passes in beneath the dressing as it is lifted.

where there is an organising blood-clot, be better not to do so,

for that would only be to expose the wound unnecessarily to the

irritation of the carbolic acid. If the deep dressing is not
changed, great care must be taken to have an efficient spray
playing over the part.

In changing the dressing the spray is used, and also 1-40
carholic lotion, in which a piece of loose gauze and protective

Y
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are put before the dressing is begun, The elastic bandage is
first removed, and then the patient or an assistant places his
hand over the centre of the dressing while the bandage is
being cut, so as to prevent the dressing being lifted up and air
pumped in. Then the surgeon, having purified his fingers, and
having turned on the spray, lifts the edge of the dressing care-
fully, taking care that the spray passes into the angle between
the dressing and the skin (see fig. 28). Having removed the
superficial dressing, he again dips his fingers, and then removes
the deeper parts and exposes the wound.

If nothing is wrong, he immediately applies fresh protective
and wet gauze, and then washes the parts round about, as far
as the discharge has extended, with 1-40 carbolic lotion. The
edge of the wound is not washed or exposed to the action of the
spray longer than is absolutely necessary. It is well to apply
the deep dressing at once, for in washing the surrounding parts
one 1s apt to give the wound a final touch with the rag. Now
this rag may contain some gross particles of putrid material
(such as a crust of discharge from the exterior of the dressing,
faeces, &e.), and thus putrefaction would be communicated to
the wound. There is no necessity for cleansing the edges of the
wound. Dirt, so long as it does not contain causes of putre-
faction, does no harm; indeed, it rather aids the action of the
protective ; while to rub it away is to irritate and injure the
healing edge—to produce a state of unrest. A fresh dressing is
applied as before described.

Where there are two wounds in different situations, so placed
that the spray cannot command both, each must be dressed
separately, care being taken not to uncover the one till the
other is at any rate protected by a deep dressing. The patient
or assistant must keep his hand on the dressing over the one
wound, while the other wound is being attended to.

The next dressing takes place on the following day at visit,
if there is any discharge at the edge of the dressing or if the
wound feels uneasy. If there is no discharge on the drawsheet,
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and if the wound is free from pain, the dressing is not changed ;
and even though discharge should appear a few hours later, the
dressing is not changed till next day at visit hour, The rule
for changing the dressings is therefore: Change if discharge is
through at the visit hour, or if there be any other reason for it;
if not, leave the dressing till next day at visit, and then follow
the same rule.

Never leave a dressing unchanged longer than a week. By
that time most of the carbolic acid has passed off by evapora-
tion; and therefore, if the discharge once came to the edge,
putrefaction could spread inwards with great rapidity. And it
would not be necessary for the discharge to appear at the edge
in order to have putrefaction of the wound, for the sweat collect-
ing beneath the dressing permits the multiplication of septic
particles in it, and thus they may reach the wound. Where a
dressing is to be left on for a week, it is well to use the salicylic
cream in the way before described.

Such is the general method of using carbolic dressings ;
special modifications will be noticed presently. Let me pass
on in the meantime to the general points as to boracic dressings.

Let us suppose that a patient is admitted with a foul uleer
" of the leg : how is he to be treated? If he were to be treated
with carbolie dressings, the ulcer would very probably remain
foul, or even though it ultimately became free from odour, it
would heal excessively slowly. Hence Sir Joseph Lister first
purifies the sore, and then dresses it with boracie acid.

To purify the sore, chloride of zine, 40 grs. to the ounce of
water, may be used. This is applied thoroughly to the whole
surface of the sore, and at the same time the surrounding skin
is well purified by thoroughly washing it with 1-20 carbolic
lotion, which is employed on account of its special power of
penetrating the epidermis. When this has been done, a piece
of protective, dipped in boracic lotion and slightly larger than
the sore, is applied over it, and outside this one or two layers of
moist or dry (it does not much matter which) boracic lint are
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applied, of sufficient size to cover the protective well in all direc-
tions. There is the same objection here to allowing the protective
to project beyond the edge of the dressing as in the case of the
carbolic dressings. Lately, instead of applying the chloride of
zine solution, which causes considerable uneasiness, iodoform
has been powdered over the whole surface of the ulcer, and it
has been equally successful. The chloride of zinc or the iodo-
form need only be applied once ; but should putrefaction not be
eradicated, the application is repeated.

This dressing is changed next day, but afterwards, as a rule.
it only requires to be changed every two or three days, or
indeed at longer intervals, provided that there is not much dis-
charge. That is to say, as there is a very large store of the
antiseptic in the lint, and as it is but slightly soluble at the
temperature of the human body, the discharge may go through
the dressing many times without washing out all the antiseptic.
At the same time, it is found as a general rule that the wound
heals most rapidly when the dressing is changed once in three
or four days.

At the changing of the dressing no spray is required. The
bandage (which may be a common cotton bandage, if preferred)
having been removed, the dressing is taken off and the wound well
washed with boracic lotion. A final wash is given immedi-
ately before applying the fresh piece of protective and boracic
lint.

This boracic dressing is not used for wounds which are not
quite superficial, because the acid is not volatile, and because it
is but a feeble antiseptic ; but when once a wound has become
quite superficial, it will heal more quickly if treated with
boracic dressing.

In some cases, more especlally where the sore is septie, or
where the patient dresses it himself, boracic ointment is prefer-
able to protective, and where the sore is healing, the half
strength ointment is the best. Outside the ointment a piece of
boracie lint is applied as usual. Of late, salicylic ointment has
been used, and found to answer, as a rule, better than the
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horacie. - It is less irritating, and permits healing more readily.
A eucalyptus ointment has also been employed quite recently,
and has given good results.

When the effects of a poultice are wanted along with an
antiseptic effect, the boracie lint is applied like water dressing.
A suitable piece of the lint moistened in boracic lotion is applied,
and outside this a larger piece of macintosh or gutta-percha,
overlapping the lint in all dircctions.



CHAPTER VI
ASEPTIC SURGERY— (continued).

Special dressings: Head dressings: Neck dressings: Breast dressings
—Abscess of mamma— Exrcision of mamme alone—Exeision of mamnia
and arillary glands: Azillary dressings: Dressings on the limbs :
Dressings for psoas abscess: Lumbar abscess: Hip-joint abscess :
Dressings in eases of hernia and operations on the serotwm : Freisions
of jeints.  Aseptic treatment of abscesses. CWhicf points to be con-
sidered in opening abscesses—Method of opening abscesses— Drainage
of abscesses—After treatment of abscesses— Empyema—Perincal and
anal abscesses. Treatment of wounds produced accidentally : Pro-
Wem to be solved - Puvification of wound—Fwrther treatment of the
wound. Speeial wounds: Cwmpound fractuves : Wounds involving
tendons, nerves, §e.: Wounds of joints: Compound fractures of the
shull: Penetrating wounds of the thorax : Wounds of the abdomen.
Putrid sinuses and wounds. Treatment of burns. Treatment of
gangrene. Treatment of nmevi and varicose veins.

I suaLL now deseribe the special methods of dressing and other
precautions required in different situations.

In operating on the scalp the hair must be shaved for some
distance around the wound, and the hair beyond ought to be
soaked with carbolic lotion 1-20. If the incision be in the
centre of the scalp, or, in other words, if there be a cirele of
hair all round it, it is better not to use protective at all, and
it is well to powder the hair around thoroughly with iodoform
or salicylic acid. The dressing in such a wound is fixed hy
the ordinary capelline bandage. Where the wound is more
or less to one side, the dressing must extend downwards on
the neck, and it is then well to have a narrow elastic bandage
along the edges, more especially around the neck. In the
neighbourhood of the ears, the various cavities in the ear, and
the space behind it, must be filled up with gauze.
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Neck dressings have nothing very unusual about them. The
dressing must be fastened round the neck. Tt must be pre-
vented from slipping down by a turn passing above the ears
and arvound the forehead, and also by two wvertical turns over
the head, one transverse and the other longitudinal, these
various turns being pinned together
where they cross. To prevent the dress-
ing from slipping up, turns are passed
under the axilla. A narrow elastie
bandage must be applied round the
edge of the dressing in this situation,
for the movements of the head are
extremely apt to cause an interval be-
tween the skin and the dressing (figs.
29 and 30).

Breast dressings are very important ;
they are arranged in three different
ways according to the size and extent
of the wound.

No. 1.—Where an abscess of the
mamma is opened, or where some small
incision, not interfering with the form
of the organ, is made, the dressing con-
sists of an ordinary gauze dressing co-

Fic. 29.
This figure illustrates the gene- vering the whole mamma, some loose

ral arrangement of dressings
on the neck. The arrange-

ment shown here wounld do - LoD i :
foe ny operation about the behind. This is fixed by turns of band

region of the sternomastoid  goe passing round the body alternately

gauze being packed in in front and

behind or below the ear. :
above and below the organ, with straps

over the shoulder. The arm is placed in a sling. The edges
are fixed by elastic bandage (fig. 31).

No. 2.—Where the mamma has been removed and the dis-
charge has become much diminished in amount, there may
remain enough of rocm between the wound and the axilla for
overlapping of the dressing. In order to fix the dressing and



BREAST DRESSINGS. 9

keep it well up in the armpit, it is split vertically at the
axilla, folded over, and pinned on the top of the shoulder, It

Fig. 30.—To sHOW THE ARRANGEMENT OF THE TURNS OF BANDAGE 0X THE HEAD
SEEN FROM ABOVE, 3

v EETn A
]j.!ilhl .[IM :I"]l ;|-'r.

Fig. 31.—DRESSING APPLIED 1¥ A CAsE FiG. 32.—BrEAST DRESSING NoO. 2,
OF ARSCESS OF THE MaMMa (BREAST
DRESSING No. 1),

The position of the drainage tube iz indicated by dotted lines.

is then bandaged securely, and an elastic bandage applied
around the edges (fig. 32).
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No. 3.—Where the mamma and axillary glands have been
removed, or for the first few days after excision of the mamma
alone, this arrangement is not enough, for it does not leave
sufficient room for overlapping. The arm must therefore be
included in the dressing. This is accomplished most con-
veniently in the following manner: A large dressing is applied
posteriorly, reaching behind as far back as the middle line,
and folding over the arm so as to touch the thorax in front,
the arm being applied to the side. This dressing must be
broader than the length of the upper arm from the top ef

Fic. 33.—CAsSE oF EXcCIEIOoN oF THE MAajda.

Backdressing lying ready for application ; showing also the deep dressing and padding
in the axilla and behind the arm.

the shoulder to the tip of the elbow, the overlapping parts
being caught by the turns of bandage passing over the
shoulder and round the body respectively. To prevent the
internal condyle from suffering from the pressure, a large
mass of gauze is applied behind the arm, extending downwards
almost to the condyloid region, but not reaching quite so far.
A mass of gauze is packed in between the arm and the side
and in front, filling up the angle between the arm and the
thorax (fiz. 33). A smaller anterior dressing is then applied,
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narrower than the posterior, reaching as far forwards as the
middle line or beyond it, and outwards to the upper arm, the
edge of the anterior dressing passing beneath the edge of the
posterior. Thus the side of the patient is completely encased
in a gauze dressing. This is very easily bandaged on. One
turn of bandage passes round the body outside the arm (fig.
o4, 1) ; the second also passes round the body, but below the
elbow (2), thus catching the portion of the dressing overhang-
ing the elbow and also the lower edge of the front dressing;
the next passes round the body and over the top of the
shoulder on the side operated on, thus catching the portion

FiG. 34.—DRESSINGS APPLIED AFTER Exciziox oF MAMMA AXD AXILLARY GLANDS
TO SHOW THE ARRBANGEMENT OF THE DRESSINGS AXND BANDAGES.

The turnz of bandage are numbered, and arrows are placed on them to show the direc
tion in which they run.
of the dressing projecting above the shoulder (3); the bandage
then passes down behind but parallel to the arm, turns round
below the elbow, runs obliquely upwards in front to the top of
the opposite shoulder (4), then obliquely back again behind the
body (thus fixing the upper angles of the dressing in front
and behind) to the middle of the arm, over which it passes
obliguely downwards (5), to go under the wrist and end at the
top of the shoulder (6)—in this way completing the fixing of
the dressing to the arm, and at the same time acting as a sling
for the hand. A bandage six yards long generally does this
exactly.
' G
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Pins are now inserted at all the necessary points, more
especially where the bandage passes over the shoulder and under
the elbow. The arm and dressing are then fixed securely to
the side by a binder of calico, broader than the length of the
upper arm, passing round the body, below the axilla of the
other side, and pursed up and pinned above the shoulder, and
below the elbow of the included arm. Thus perfect vest is
procured, and no elastic bandage is required.

When the axillary incision is soundly cicatrised, and the
discharge has become small in amount, the axillary dressing or
the breast dressing No. 2 may be applied, the arm being
simply supported in a sling.

FIG. 35, —BIXDER APPLIED OursiDE THE DRESSING REPRESENTED IN FIG. 34, S0 AS
TO KEEP THE PARTS AXD DRESSING AT REST.

An axillary dressing must be applied partly to the chest
and partly to the upper arm, and made to fold over the top of
the shoulder. Tt requires an elastic bandage (fig. 36).

Elastic bandage is not as a rule required for dressings on
the extremities, because the limb operated on is generally
placed on a splint for a few days, in order to procure absolute
rest till healing by first intention is complete. Thus the
movements which it is the function of the elastic band to
neutralise are avoided, and the constriction of the elastic is
also avoided. With regard to this constriction, however, the
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elastic need never be applied so tight as to produce cedema ;
indeed, I have more than once seen cedema which was present
before an operation subside afterwards, even although an elastic
bandage was used. Where the patient is allowed to move the
extremity—as, for instance, when he is allowed to walk after a
small operation on the lower extremity—an elastic bandage is
absolutely necessary. In the case of the lower extmmit}f; the
padding at the upper part of the splint should he covered with

LUN

Frg. 36.—DRESSING I CASES OF OPERATION OX THE AXILLA ALOXE,

In this ease an abscess has been opened and the pozition of the drainage-tube i= indi-
cated by dotted lines, The edge of the dressing has also been dotted in.

macintosh, and the foot of the bed supperted on blocks.
In this way all the discharge flows upwards, and as it
cannot soak into the padding of the splint, it is shed on the
drawsheet soon after it has reached the edge of the dressing,
and thus one can ascertain accuralely whether or not it is
necessary to change the dressings.

The dressing required for psoas abscess opened above Poupart’s
G 2
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ligament is one of the most important dressings, as well as
one of the simplest illustrations of the method of applying the
elastic bandage. I may say here with regard to this method of
opening psoas abscess above Poupart’s lignment, that there are
two reasons for choosing this situation. In the first place, the
old rule that these abscesses must not be opened early is now
done away with, and under truly aseptic treatment, as soon as
fluctuation is detected, an operation is performed of a similar
nature to that for tying the external iliac artery, and the
abscess is opened after a careful dissection. The sooner the

Fiz. 37.—DRESSING IN A CASE oF PsoiAs ARSCESE OPEXED AROVE PoUurarT's LiGa-
MENT, SEEN FROM THE FROoxT.

The position of the drainage-tube iz indicated by dotted lines,

abscess is opened the better, for the abscess cavity is thus smaller
than if the surgeon waits till the pus has burrowed its way into
the thigh ; and, further, so long as the pus is there it irritates
by its tension, and thus keeps up the chronic inflammation in
the spine. This, then, is one reason why the opening leading
into these abscesses is generally above Poupart’s ligament.
Another is, that even supposing the abscess to be pointing in
the thigh, it ought to be opened as far as possible from sources
of putrefaction, and the most convenient place in this respect,
as well as the best for the attachment of a dressing, is the
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neighbourhood of the anterior superior spine. Some surgeons,
more especially Mr. Chiene, try to get at these abscesses from
behind, either by perforating the ala of the innominate bone or
by getting at the pus above the crest of the ilium. Such a
method has advantages, both by providing a dependent opening
and also by leaving a shorter channel between the seat of the
disease and the cutaneous surface.

The dressing applied when the opening is in the neighbour-
hood of the anterior superior spine extends from the middle line
in front to the middle line behind. 1t reaches as high up as the
lower border of the ribs and as low as about three inches below

FiG. 38.—P=z045 ABSCESS DRESSING (FiG. 37), SEEN FrRoM BRHIND.

Poupart’s ligament. Special masses of gauze are placed in the
neighbourhood of the pubis, which is also shaved on that side,
The dressing is fastened on by a spica bandage with circular
turns around the thigh and abdomen. The elastic bandage is
applied accurately to the edge. It begins, say, at the upper
and anterior angle of the dressing, runs vertically downwards
along the anterior edge; then, passing back round the inner
side of the thigh, it encircles the thigh, thus fixing the lower
border ; then it runs wvertically upwards behind till it reaches
the upper posterior angle ; then, being held there, it is carried
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round the abdomen. The two ends of the two vertical pieces
are fastened to the circular piece by pins, and pins are also ap-
plied at all the angles and along the edge where necessary. In
some deformed persons shoulder straps are necessary to prevent
the dressing from slipping down (figs. 37 and 3R).

In lumbar abscess straps must pass over the shoulders to
prevent the dressing from slipping down, and between the thighs
to prevent it from slipping up (fig. 39).

Frz. 30 —DnessinG 18 A UASE oF LUMBAR ABSCESS, SEEX FROM BEHIND.

The position of the drainage tube is indicated by dotted lines; the wertical detted
lines at the middle of the back indicate the edge of the dressing.

In abscess of the hip-joint the arrangement of the dressings
is much the same as in psoas abscesses, except that they pass
lower down and not quite so high up. As a long splint is
generally in use, an elastic bandage is unnecessary, unless in
children (fig. 40).

Where abscesses are opened near the top of the thigh on the
inner side, and are thus close to sources of putrefaction, large
masses of gauze must be applied between the orifice and the
perineum, and an elastic bandage carefully fastened along the
upper edge.

In operations for hernia, varicocele, and on the serotum, in
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the male, there is one form of ﬂressing which is generally
~applicable. In the first place, no protective is used, on account
of the immediate vicinity of sources of putrefaction, as has been

>
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Fiz. 10.—DRESSING Ix 4 CisSE oF Hip-JorsT ABScESS, WITH ELASTIC APPLIED.

The dotied part shows the position of the wound.

Fitz. 41.—DEEPER PART OF THE HERNIA AND SCROTAL DRESSINGS.

Left zide of scrotum covered with gauze soaked in earbolized glycerine. Mass of
ganze in the perinenm enclosed in a roll of gauze.

previously explained. The gauze applied to the wound, instead
of being merely wet with carbolic lotion, is steeped in 1-5 or in -
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1-10 solution of earbolic acid in glycerine, and this is wrapped
around the penis and over the serotum. This gauze sticks to
the skin and does not become detached with the movements of
the body, while it is more powerfully antiseptic than the ovdi-
nary carbolic gauze. Then a mass of gauze is rolled into a ball,
and this is suspended in the centre of a long strip of gauze.
The ball is placed in the perineum behind the serotum, and
the strip of gauze passes up in each groin. This strip retains
the pad in position (fig. 41). The pad serves the double pur-
pose of supporting the scrotum and receiving the discharge,
which passes chiefly downwards. The hollows having been

e —
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Fig. 42 —DRERSING I¥ A CASE oF OPERATION FOR HERNIA, OR OX THE BCROTUM ON
THE LEFT Z2IDE, SHOWING THE ARRAXNGEMENT OF THE DRESSING AXD ELASTIC
BAXDAGE.

filled up with loose gauze, the general dressing is applied. A

hole is cut in this dressing towards the upper border, and the

penis is passed through this hole, and thus helps to keep the
dressing in position. The dressing passes over the scrotum and
over the perineal pad, and is fixed by a double spica bandage

(fig. 42). The pad in the perineum is fixed there by a St.

Andrew’s cross. The elastic bandage is applied in the form of

a St. Andrew’s cross in the perineum, and of a double spica

(fig. 43). The bandages, dressing, and perineal pad are care-

fully pinned together in the perinenm.

il
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The methods of managing ewcisions of joints, operations for
ﬂnumted fractures, de., in the lower extremities, are very im-
ortant. Here perfect rest must be combined as far as possible
ith the a.septm treatment. For two or three days after excision
| ﬁf the knee it is better to change the dressing, which is the
: _m-dmurf gauze dressing applied round the limb, simply by lift-
- ing the limb, because there is generally a large amount of
bloody and serous oozing at first. After a few days this
oozing has become much diminished in amount, and the dressing

. F[E- 43.—DRESSING 1¥ HERNIA CASES oR I¥ OPERATIONE OX THE SCcROTUM, SHOW-
ING THE ARRAXGEMENT OF THE BANDAGES IN THE PERINEUM, SEEN FROM
BELOW.

~is then accomplished in the following manner. A Gooch’s

- splint is padded above and below the situation of the wound, '
- the part opposite the wound being left unpadded. The whole
- splint and padding is covered with a piece of macintosh cloth,
- and is firmly fixed to the posterior aspect of the limb above
- and below the situation of the wound. Behind the wound, at
the part where the padding is deficient, masses of gauze of
- sufficient thickness are arranged transversely and superficial
~ to the macintosh. These pieces are three or four or more in
number, and they act as padding for the splint, and at the same
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time as an antiseptic dressing (fig. 44). When the dressing
is changed, a piece of gauze is pinned to each of the old pieces,
and then the old piece being pulled out the new is pulled in,

Fic. 44, —SPLINT FOR EXCISION OF KXEE, READY FOR APPLICATION.

The zplint iz padded at the upper and lower parts, and the splint and padding are
covered with a piece of macintosh cloth. The space opposite the knee iz filled
with masses of ganze arranged transversely and superficial to the macintosh,

and thus the limb is never left without support (fiz. 45).
Over the front of the limb an ordinary gauze dressing of
suitable size is applied.

i L e o e e e it | i 0 O e N B

FIa. 45.—SPLINT APPLIED I¥ A CASE oF EXCISION OF THE KXEE.

Thiz shows the method of changing the dressing. In the first way described a mass of
gauze wonld be pinned on to the end of the old piece on the other zide of the limh,
g0 that as the old piece is pulled out the new is pulled in, or it may be arranged in
the second manner deseribed, and shown in fig, 44—viz., a piece only extends to the
middle line behind, and as spon as each iz pulled out a fresh piece is pushed in.

L.E'-I AN S R T

Another more convenient way in which this may be
manraged with even less movement is to have each of the
masses of gauze mentioned in the former paragraph divided in

s o
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the middle line, and thus the half of each massis pulled out
at a time and a new piece substituted (fig. 44).

In other cases an iron rod bent up over the wound may he
fixed to the front of the limb by plaster of Paris. The limb is
then easily lifted out of the splint by one assistant keeping the
lez and the plaster in contact, and another lifting the thigh and
plaster. TIn this way the whole of the posterior surface of the
limb is left free for the application of a large dressing, and the
aseptic arrangements are more easily managed.

Another way is to apply a wire splint next the skin, fix it
there, and then apply the dressings outside.

‘When the discharge becomes still less the limb may be put
up in plaster of Paris, a window being left for dressing.

Excision of joints for disease is now, however, rarely per-
formed, for with aseptie treatment an ineision into a joint and
the insertion of a drainage-tube is generally sufficient, in cases
where formerly excision or even amputation would have been
required. Several advantages are thus gained, among the most
prominent of these being absence of shortening of the limb (and
this is most important in children), and often a certain and
even a considerable amount of motion in the joint afterwards.

It may be meniioned here that Mr. Knowsley Thornton in
ovariotomy cases does not apply a bandage round the abdomen.
He fastens the dressing with adhesive plaster, and does not
change it for a week, by which time healing is generally
complete, except where the stitches arve,

Such are the chief points as to the application of antiseptic
dressings in different situations. I must now say a few words
as to the aseptic treatment of abscesses,

I have already referred to the question of the necessity for
a dependent opening, and [ pointed out that, as the discharge
from an abscess treated aseptically is apparently but little
irritating, it does little harm even though left to well out,
instead of being permitted to flow out through a dependent
opening. In fact, aseptic surgery has altered the relative im-
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portance of the questions to be considered in selecting a situation
for opening an abscess; and now the chief point to be looked
atis not whether the orifice of the tube is in the most dependent
position possible, but whether it isat the point furthest removed
from sources of putrefaction—i.c. whether there is the greatest
possible space for the overlapping of the antiseptic dressings.

Indeed, in some abscesses pointing near such canals as the
pharynx, anus, &e., it is better to make an opening in healthy
structures at some distance from the abscess, and burrow a

channel into it, than to make an incision directly into the
~ abscess cavity.

I saw a striking example of this in Edinburgh several years
ago. A boy was admitted into the infirmary with retrophar-
yngeal abscess connected with occipito-atloidean disease. The
abscess was on the point of bursting into the pharynx. Mr.
John Chiene, who had charge of the case, instead of opening
the abscess at the only place where it was pointing, viz., in the
pharynx, cut down behind the sterno-mastoid, and burrowed
into the abscess cavity from behind. The abscess followed a
typical aseptic course, and the patient recovered completely.
I have also had a similar case which healed up in a few weeks
without any trouble. Thus then the great rule in selecting a
situation for opening abscesses is to make the incision as far as
possible from sources of putrefaction,

When opened, instead of dealing tenderly with the pyogenie
membrane, as was formerly done under the impression that it
was a hurtful thing to injure it, we now empty the cavity
thoroughly, especially in the case of chronic abscesses, in order
to get out all curdy masses of pus, de., which may have gravi-
tated to the bottom of the abscess, and in some cases we scrape
out the pyogenic membrane with a sharp spoon. When this is
done opportunity is given for the rapid adhesion of the greater
part of the wall of the abscess cavity, and thus in a very short
time there is merely a sinus left leading down to the seat of
disease.

There is no necessity for washing out the cavity of an
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abscess, as is done in so many quarters. To do so is simply to
nritate the pyogenic membrane unnecessarily without securing
any corresponding benefit. Indeed, it might give rise to such
an amount of oozing from the wall of the abscess as would wash
out all the carbolic acid from the dressings in a very short
time, and thus lead to the putrefaction of the discharge. The
treatment by byperdistension, while erroneous in theory, is
very dangerous in practice, as the fluid may be forced into the
cellular tissue, and lead to diffuse inflammation and even
gangrene, or to carbolic acid poisoning and death.

The greatest care must be taken in the drainage of abscesses,
In the case of a large psoas abscess the surgeon should intro-
duce the largest sized drainage-tube in the first instance. This
tube may be changed for a smaller in a few days. It ought not
to be removed for the first time till at least three days have
elapsed since the abscess was opened, otherwise there may be
great difliculty in replacing it. It should not be shortened till
it is found to be absolutely impossible to get it in fully. When-
ever this is the case a piece must be cut off from the end.
(Here I speak of chroniec abscesses ; an acute abscess heals in a
week or ten days.) In some cases. where the same tube is
left in for a week (where the case is only dressed once a week),
some difficulty will be found in withdrawing it, owing to the
granulations having grown in at the holes and holding it in
position, In this instance the guide as to shortening is lost,
because the tube caunot be pushed out; and therefore it will
be found best in old cases to use a tube having holes only
close to its inner end. This cannot be held, and is gradually
pushed out as the sinus heals from the bottomn. If on removal
of a tube the discharge is found to increase in quantity, the
tube must be reintroduced.

As the incision into the abscess is merely large enough to
admit the tube, there would be no reason for using protective ;
and therefore the wet gauze is applied directly over the orifice
of the tube. A tube is the only form of drain suitable in these
cases.
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The precautions required in order to insure an aseptic result
are precisely the same as in the case of wounds.

In changing the dressings the same rules are followed as
were formerly deseribed with regard to incised wounds. Chronie
abscesses, more especially abscesses connected with diseased
bones, are extremely tedious; but nevertheless, as a rule, they
ultimately recover. The same care must, however, Le taken
from first to last. It is never safe to change the carbolic
dressing for a boracic one, however superficial the wound ap-
pears to be. In the case of spinal abscesses absolute rest in
the recumbent posture must be maintained till healing is com-
plete ; and as the cases generally extend over many months, it
is well to warn patient and friends before commencing to treat
the case. Whether the rule as to the maintenance of the
recumbent posture may not be modified by the use of Sayre's
jacket, or even without it, is now a question. Lately in two
cases which had been under treatment for a long time, and in
which all uneasiness in the spine had passed off, Sir Joseph
Lister allowed the patients to get up before healing was com-
plete, and no harm followed.

Empyema does particularly well under this dressing. I
mention it, in order to state that a metallic drainage tube with
a shield like a tracheotomy tube, and with lateral holes, is the
best, because the india-rubber tube may get compressed between
the ribs or be too abruptly hent where it passes into the interior
of the pleural cavity,

There are some cases in which neither the gauze dressing
nor the boracic can be employed, but which may nevertheless
be treated aseptically. I refer especially to abscess in the
perineum or by the side of the anus,

Abscess in the perineum may be treated &aeptlcally with
very satisfactory results. The abscess is opened under the
spray, and a piece of lint dipped in 1-5 carbolic oil or 1-10
carbolic glycerine is introduced into the cavity to act asa drain.
Outside this two or three layers of lint soaked in 1-5 carbolic
oil or 1-10 carbolic glycerine are applied, and fixed with a
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T-bandage. Should this become displaced or wet with urine,
&e., the patient pours a little carbolic oil or glycerine over the
wound and over the lint, and replaces the dressing. No spray
is required in changing the dressings. On the third day a
piece of lint dipped in earbolic oil is laid over the wound, and
a pair of oiled forceps is slipped under the lint to seize and
withdraw the plug; or the plug may simply be pulled out
under the spray. Carbolic oil or glycerine 1-10 is then used
for dressing, and when the wound has become superficial boracie
or salicylic ointment is employed.

The same method of dressing is employed in abscesses
beside the anns. In this ease, when the patient defwcates, he
holds aside the dressing, defecates past it, wipes the parts with
1-20 eavbolie lotion and then with 1-10 carbolic oil. He then
soaks the dressing with the oil, or applies a new dressing.
(The glycerine and carbolic acid may also be nsed.) The result
of this method of treating these abscesses is often excellent,
fistula in ano being apparently often avoided when the abscess
is taken in time.

So much for wounds made by the surgeon and their treat-
ment. I now come to the consideration of wounds produced
accidentally. Here the problem is different from and much
more difficult than the former. In the cases we have just been
considering we had merely to keep out the septic particles; in
the present instance these particles have already gained admis-
sion, and therefore we have not only to prevent the entrance of
more, but also to destroy those already present.

This is done by washing out the wound with 1-20 ecar-
bolic lotion, provided it be recent, i.e.,, made within twenty-
four hours, and then treating it like a wound made by a
surgeon.

This washing out of the wound must be done very thoroughly.
It is best carried out by using a syringe with a gum-elastic
catheter attached to it. The point of the catheter is intro-
duced into all the recesses of the wound and the 1-20 lotion is
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injected through it, and thus comes thoroughly in contact with
all parts. There must be no attempt to distend the cavity, as,
for instance, by shutting the orifice of the wound around the’
syringe, for the fluid might be forced into the cellular tissue
and lead to inflammation or even sloughing. The opening
must be left perfectly free, and enlarged if necessary. Should
there be any shreds of tissue, they had better be cut off, and if
there be mueh dirt ground into the tissue, it must be got rid
of by means of a nail brush. The injection and the subsequent
procedures are carried out under the spray.

If the wound was made twenty-four to forty-eight hours
before being seen, a stronger solution is employed, viz., the 1-5
apirituous solution. This is used in the same way as the other.

Having thus got the wound pure the question of stitching
it up arises. The answer to this question varies according to
the parts injured. As a rule, in injury of the soft parts, a
drain is introduced, and the same accurate stitching employed
under the spray as was deseribed on a former page. More
especially is this the rule in sealp wounds, where most brilliant
results may be obtained by the use of catgut drains and accu-
rate stitching. The rest of the treatment is the same as in
operation wounds.

Where the wound is much contused, the same rules apply
as to purification, but it must not be stitched up. After purifi-
cation a drainage-tube is inserted if mecessary, the wound is
left open, a piece of protective is placed over it, and the dressing
applied in the usual manner.

I have mentioned the methods to be employed when the
wound is seen within the first forty-eight hours. It may be,
however, that it does not come under notice till putrefaction
already exists. In this case it may be purified by the intro-
duction of iodoform suspended in water by the aid of aleohol,
or if superficial, by stuffing it thoroughly with lint dipped in
1-5 carbolic oil. This dressing repeated for several days
generally converts it into an aseptic wound. In most cases it
is best to apply iodoform or the chloride of zine solution.
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Certain special wounds call for attention.

Compound fractures are the wounds in which aseptic treat-
ment was first applied, and in which excellent results can be
obtained. There are a few special points to be noted. In
purifying the wounds great pains must be taken. Any dirt
must be carefully seraped or scrubbed out. All blood-clots
ought: to be turned out as completely as possible. The ends of
the bones are cleaned, and if they cannot be returned or got to
fit, portions should be sawn off. The ends may be tied together
with silver wire. The parts ought to be well kneaded as the
carbolic lotion is injected through the catheter, in order to
diffuse the lotion as much as possible into all the recesses of
the wound. No stitches are inserted, but, on the contrary, free
drainage by tubes is used. The same sort of dressings and
apparatus are employed as in excisions.

Wounds invoelving tendons, nerves, or muscles, are treated
in the same manner as other wounds, and the ends of the
divided muscles, tendons, or nerves, ought to be stitched to-
gether with catgut, and the position of the part so arranged
as to avoid dragging on these stitches.

Wounds of joints are very important. When recent no
operation (excision or amputation) is required in the first
instance. As a rule the joint may be saved, and perfect move-
ment obtained by washing it out very thoroughly with carbolic
lotion 1-20. The wound in the joint is enlarged if necessary.
Where several hours have elapsed since the accident (more than
eight or ten hours), it is well to employ the spirituous solution
as well as the watery. A drainage-tube is introduced into the
joint, but no stitches are used. After a few days, when the
discharge has diminished, the drain is removed. In about
three weeks, or earlier, passive motion ought to be begun, other-
wise the adhesions outside the joint may become so strong as
to require to be broken down under chleroform.

Compound fractures of the skull are treated in the same
manner as compound fractures elsewhere, purification being
attempted with 1-20 carbolic lotion. The dura mater may

H
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be freely dealt with without fear of inflammation, for the irri-
tation of carbolic acid is only very transient. Bleeding vessels
are secured by catgut. Should one of the great sinuses be
wounded, a graduated compress of catgut arrests the heemor-
rhage satisfactorily. This I have known to act very well in a
case of wound of the longitudinal sinus, oceurring during the
operation of trephining over the seat of an old injury.

Wounds penetrating the thoracic cavity are much more
difficult to treat. Should the wound penetrate the lung, and
should the lung protrude, the exposed parts and those around
are purified with carbolic lotion 1-20. In deciding as to re-
turning the injured lung and stitching up the wound, the
surgeon must be guided by the ecircumstances of the parti-
cular injury. In some cases, if the wound in the lung were
superficial, the edges of the divided visceral pleura might be
stitched together with fine catgut, the lung returned, and the
external wound closed. Whare a large bronchus is injured it
might be better practice to leave the lung in the wound, and
leave the wound open.

‘Where there is merely a wound of the parietal pleura, and
where the lung is not wounded, the external wound only is
purified and is closely stitched, in the hope that union by first
intention may oceur, that the air may be absorbed, and that
any septic dust present in the pleural cavity may be unable to
cause mischief,

Wounds of the abdomen are variously treated, according as
there is or is not protrusion of the contents. Where there is no
protrusion, and where there is no reason to suspect injury of the
viscera, the external wound ought to be purified and closely
stitched, so as to get primary union throughout, no drain being
used.

Where the intestines protrude, they ought to be carefully
bathed in warm carbolic lotion 1-30 or even 1-20, and if there
be no injury of them in any part they may be returned. If
they are cut, the gut may be stitched with catgut by the glover’s
suture,
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If the omentum protrudes, opinions vary as to the treatment,
When it can be returned, do so after thorough purification, ard
then stitch the abdominal walls, including the peritoneum, close
together, Where, from adhesion or other sufficient cause, this
cannot be done, or where the omentum is very dirty, I should,
from a research into the consequences of unreturned omentum
by Dr. Kenneth MecLeod, of Caleutta, consider it the safest
practice, especially in the case of a person with strong muscular
parietes, to stitch the deepest parts of the omentum to the deep
part of the wound, cut off the remainder and close the skin over
all.

If internal h@morrhage is going on, apparently from the
mesenteric vessels, the wound may be enlarged and the bleeding
point sought for. Simon advised that in bleeding from ruptured
kidney, the injured organ should be excised ; this suggestion
was never put into practice, but nevertheless it is one well worth
bearing in mind.

Such are the chief points to be attended to in recent wounds ;
there remains for consideration the class of cases in which putre-
faction has been present for a long time. I refer to cases ®of
putrid sinuses, generally connected with diseased bones or
joints. An attempt may be made to purify these during the
course of an operation, and sometimes when the sinuses are few
and uncomplicated, and where all the dead bone is removed,
this attempt may be successful. The sinus is scraped out with
one of Volkmann’s sharp spoons (fig. 46), and all the granula-
tion tissue, as far as possible, removed, The raw surface of the
sinus, &e., is then washed out with the chloride of zine solution,
which is applied thoroughly to all parts, and a gauze dressing
is used, in the hope that putrefaction has been thus eradicated.
The spray should be employed during the whole procedure,

If thisis sueccessful, well and good. If not, boracic ointment
(at first full strength, afterwards half) or salicylic ointment,

covered with boracic lint or salicylic wool, is the hest dressing,
H 2
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ndeed, it is the best dressing in all cases where strict aseptie
measures are inapplicable. '

The aseptic treatment of burns varies aecording to the
degree and extent of the injury. In any case,unless where the
burn is very extensive and where the parts are extremely dirty
(necessitating serubbing of the surface and consequent shock
and also risk of carbolie poisoning), an attempt should be made
to purify the surface with 1-20 carbolic lotion. This having
been done, if the surface is small, boracic ointment (full strength)

F16. 46.—Two FORMS OF SHARP !-".-j-n:mncg,‘“T ;} LARGE ROUXD OXE AXD A SMALL OVAL
and boracic lint form a convenient dressine. When the extent
of the burn is greater, wet horacie dressing (wet boracie lint
used as water dressing—covered by gutta-percha tissue or
macintosh) is the most suitable. The wet boracie dressing is
also applied in those cases where, on account of the extent of
the burnt surface and the amount of dirt, purification with
earbolic acid is not advisable. Where the surface is thoroughly
charred and where the wound is not very extensive, boracic
ointment or carbolic oil 1-10 are the best dressings. The
objection to earbolic oil, which was formerly used in all cases,
is that, when the surface is large, there may be a fatal absorp-
tion of carbolic acid.

In the after-treatment the sores are dressed with boracic
dressings (protective and boracic lint, or better, in the first
instance, boracic ointment), just as in the case of ulcers,

The rules as to the treatment of gangrene are altered in
aseptic surgery, and this is more especially the case with senile
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gangrene, Should symptoms of senile gangrene set in, say in
the lower extremity, the skin of the foot, toes, and leg are
thoroughly cleansed with 1-20 carbolic lotion. This must be
done very efficiently. All the folds about the nails, &e., must
be carefully cleansed and washed. This having been done, the
whole limb and foot are enveloped in a large mass of carbolised
cotton wool (carbolised in a 1 per cent. ethereal solution of
carbolic acid). This being pure in its substance, and being
applied over a pure surface, completely shuts out causes of
putrefaction. The carbolic acid soon flies off, and then the cotton
wool acts simply as a filter while it protects the part from un-
equal pressure and retains the heat. This may be kept on for
any length of time, and so long as discharge does not extend to
the surface or the gangrene spread above the limits of the dress-
ing, the part remains sweet, and very often the gangrene, which
in the first instance threatened to involve the whole leg, becomes
limited, and there may even be merely a small cutaneous slough.
In any case, asa rule, the gangrene does not go on spreading as
il does when treated in the usual manner, and for this reason :
Suppose that the part is not treated aseptieally, the tissne at
the edge of the dried gangrenous mass becomes putrid, the
living tissue in the neighbourhood is very weak, the putrid
material acts on it like a caustie, destroys its vitality or excites
an inflammation which kills it, and so the gangrene goes on
spreading, till at length parts are met with of sufficient vitality
to resist this action of the putrid materials. Then a line of
demarcation is formed. On the other hand, when the gangren-
ous parts are not putrid, the weak parts in the vieinity, which
would to a certainty have died in the former case, retain their
vitality and gain strength. Thus also the rule of never ampu-
tating in senile gangrene, except to trim a stump formed natu-
rally, is done away with, and it is generally better to amputate
as soon as it is clear to what extent the tissue is dead, rather
than to subject the patient to the continual pain and irritation
arising from the presence of the dead piece. The same reason-
ing applies to cases of traumatic spreading gangrene. This is
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only one instance of how completely many current ideas as to
surgical pathology and treatment are reversed, when means are
taken to render the dust of the atmosphere inert hefore it
reaches a wound.

In treating nwmvi great benefit is obtained from the in-
jeetion of pure carbolic acid. The neevus is first thoroughly
ent off from the circulation by ligatures tightly applied around
its base, and then half minims of pure carbolic acid are in-
jected into various parts of the tumour. Ten minutes or so
having been allowed to pass, in order o insure complete and
firm coagulation, the ligatures are divided and removed, and
the punctures are touched with collodion. The surface being
left completely dry, any slongh which forms becomes absorbed
or separates as a crust after some time, the part beneath being
found to be a sear,

The same method has been employed in the treatment of
varicose veins. A tourniquet having been firmly applied around
the upper part of the limb in order to arrest the circulation, the
vein is punctured at various parts, and half minims of earbolic
acid are introduced into it. The tourniquet is kept on for ten
minutes after the injection is completed. Coagulation and a
slight degree of inflammation are thus induced, but this, so far
as 1 have seen, never goes to any dangerous extent, and is
followed by at least temporary cure.

A dissection or post-mortem wound does not, as a rule, give
rise to bad results if the wound be instantly purified with 1-20
carbolie lotion. In many cases the organisms introduced are non-
spore-bearing, and are thus very readily destroyed by the solu-
tion. Even anthrax does not produce spores in the living body,
and thus the bacilli are rapidly killed by the carbolie lotion.
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CHAPTER VII.
ASEPTIC SURGERY—MODIFICATIONS.

Ceuntry practice : How fo dispense with the spray duving the operation
—and during the after-treatment : How to render the dressings less
frequent : Is the aseptic method applicable in war? Sir Joseph
Lister's suggestions 1 Esmarcel's plan : Reyler's method.

SucH are the methods usually employed in carrying out the
Listerian principle in hospital or in private practice. It is,
however, said to be difficult of application to country practice,
and we must therefore inquire in what way it can be made
easier. The difficulties urged are that the spray is too heavy
to carry : that it is not always easy to return a long distance to
see a patient on the day after the operation, and that the dress-
ings are too expensive for the lower classes.. We must there-
fore, in some way or other, render the dressings very infrequent,
so as to avold expense and unnecessary visits, and we must try
to dispense with the spray.

In the first instance, in going to perform an operation or to
treat a wound the surgeon takes instruments with him, and he
may, without any additional trouble, easily add a spray to the
contents of his bag, and this spray may be left at the patient’s
house, and brought home again after the first dressing. But,
suppose the surgeon has not a spray at hand. What is to he
done? Well, he must use all the other precautions before
described, and wash out the wound frequently with 1-40
carbolic acid lotion during the operation, and while the stitches
are being inserted ; and then, before the piece of wet gauze is
applied, he may distend the wound with the same lotion, the
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wet gauze being applied while this is still flowing out. At the
same time I cannot see that, in the great majority of cases, it
can be any great hardship to carry a spray to an operation.
During the after-treatment a spray is not necessary. The
spray may be rendered unnecessary during the after-treatment
in two ways. In the case where catgut stitches and catgut
drains are used a deep dressing may be applied at the time of
the operation, and may never require to be changed. This
deep dressing is fixed down in some way or other, and is
treated as a wound, the gauze being soaked with carbolic lotion
every time the superficial dressing is removed, and then a
piece of wet gauze larger than the deep dressing, and the
general dressing are applied. Should it be necessary to remove
the deep dressing, there is no necessity for the spray, if catgut
drains be used, because there is no cavity into which air may
pass. The deep dressing having been removed, carbolic lotion
is allowed to flow over the wound till a guard is applied.
Where a tube is used it is more difficult to do without the
spray, for in that case there is an open orifice into which dust
may fall, and be sucked into the interior of the wound, and
further, when the tube is removed, air must enter to take its
place. This may be avoided by the use of a syringe which
constantly keeps a stream of carbolic acid lotion passing over
the wound and over the drainage tube, till a fresh dressing
is applied. Should it be necessary to remove the tube it is
well, in addition to this constant flow of lotion, to cover the
orifice of the tube with a rag dipped in the antiseptic lotion.
The best way is to take a guard soaked in carbolic lotion and
folded in several layers, and place this over the orifice of the
drainage-tube, extending on each side of it for a considerable
distance. The tube is now seized with a pair of forceps through
this rag, and as it is pulled out the rag is carefully tucked in
around it, so as to compel the air, as it passes in to take the
place of the drainage tube, to traverse the moist guard. This
seems to me better than the method of slipping in forceps
under the guard and pulling out the tube, the guard heing well
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pressed down on it. In taking out wire or silk stitches, the
guard is pulled aside so as to expose the stitch, a little carbolic
lotion is then dropped over the suture, and as the latter is
withdrawn, a few drops of the lotion are applied to the orifice
of the puncture.

These methods—the use of catgut stitches and catgut drain,
and the employment of a permanent deep dressing, together
with the hints in cases where a drainage tube or non-absorbable
stitches are employed—sufiice to render the operator independent
of a spray.

Can we now render the dressings less frequent? This may
of course be done to a certain extent by applying a larger
amount of gauze, but one of the best ways is to use sponges in
the interior of the dressing for the purpose of absorbing and re-
taining the fluid. The deep dressing having been applied and
fixed, a large sponge or several small ones are placed ountside it,
these sponges having just been wrung out of carbolic lotion ;
outside the sponges and extending well beyond them is a piece
of wet gauze, and then the masses of loose gauze and general
gauze dressing. In this way the discharge is retained in the
interior of the dressing, and of course so long as it is there,
and so long as the discharge has not reached the edge of the
dressing, it is as safe from putrefaction as if it were in a pure
flask, By the use of these sponges several days may be
allowed to elapse, in many cases, before the first dressing is
changed, though it is well in every case to change the first
dressing on the day after the operation. When the dressing
is changed these sponges are squeezed thoroughly, washed in
carbolic lotion 1-40, and reapplied. By the use of sponges two
or three dressings suflice for the treatment of most operation
wounds. '

By the use of salicylic jute in large masses, the same avoid-
ance of frequent dressings may be obtained, but this material
is not very trustworthy as an antiseptic. If it is used it is best
to place no macintosh outside it. In this way the discharge
dries up beneath the dressing, and we have a combination of
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dry and antiseptic dressings. 1 have often, after osteotomies
where the wound was left open and no drainage-tube inserted,
applied a large mass of salicylic cotton and left it unchanged
for weeks, till in fact the wound had quite healed. Of course
if the wound becemes painful the dressing must be removed
and the cause of the pain investigated. I would not use the
wool in cases of large chronic abscesses, such as psoas abscess,
nor do I think it good if suppuration occurs in a recent wound.

By the means described, the difficulties in the way of the
adoption of this system in country practice may be overcome,
and instead of causing additional expense to a poor patient, it
gaves expense in many ways. The dressings required are so
few that the price of the materials employed is not greater
than that which would be necessary even if water dressing
were used ; and expense is saved in many other ways, notably
in the rapid healing, which is of course of the greatest conse-
quence to the bread winner.

1s the Aseptic method applicable in War ?

In the ¢ British Medical Journal ’ for September 3, 1870,
Sir J. Lister deseribes a method for the use of army surgeons.
He suggests that the wound should, as soon as possible after
the injury, be thoroughly washed out with 1-20 carbolic lotion,
the surrounding skin being at the same time purified.
Bleeding vessels are secured by catgut, by torsion, or by car-
bolised silk. While the wound is full of lotion, extract the
builet, clothes, &e. Then cover the wound with two or three
layers of oiled silk, smeared on both sides with carbolie oil 1-5.
Over this apply layers of lint soaked in the 1-5 oil, overlapping
the oiled silk for about three inches in every direction, and
about a quarter of an inch in thickness. This is covered with
gutta-percha tissue, and the whole is fastened on with a bandage
soaked in carbolic oil. This is the permanent dressing. Out-
side this, another and larger dressing of oiled lint covered by
gutta-percha tissue is applied daily, During the first day apply
fresh oil to the outer cloth once in six or twelve hours. On
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the following day the outer dressing is changed, carbolic lotion
being introduced under the edge, as it is lifted, by means of a
syringe ; or carbolic oil may be poured in. After the first
dressing use the 1-10 oily solution, and later the 1-20. On
the second day oil is only applied once in twelve hours; after
that it is applied daily for five or six days, and then once in
two days. .

In compound fractures use a wire splint next the deep
dressing, and apply the fresh superficial dressings outside the
wire, This splint need not be removed till union is complete,
the oil being merely poured between the meshes when the
dressing is changed.

Since the introduction of corrosive sublimate into surgical
practice, methods are being devised for applying it in war.
These methods are as yet incomplete, and have not been
practically tested, but there can be no doubt that it will prove
to be one of the best and most easily used antiseptics for the
purpose.

Esmarch, in Langenbeck’s ¢ Archiv,’ vol. xx. p. 171, proposes
another plan of treatment.

He points out that the new form of bullets passing quickly
through the clothes may not carry into the wound any causes
of putrefaction, or if any pass in with the bullet they may also
be carried out by it. Therefore, if the wound is not examined
by dirty fingers or instruments, and if it be seen at once, it may
in most cases be regarded as aseptic. Starting on this prin-
ciple, he suggests that each soldier should be provided with
tampons of salicylic cotton, wrapped in salicylic gauze. Fig.
47 represents the contents of the packet of dressings which
Esmarch proposes to supply to each soldier. At the front, when
there seemns any possibility of saving the limb, these tampons
are introduced into the openings, and bandaged on without
preliminary probing or examination of the wound. Any
other necessary apparatus is applied, and the patient sent to
the rear. At the rear the skin around the orifice is purified
with some antiseptic lotion, and if there is any necessity to
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explore the wound, as for removing bullets, splinters, &e., the
tampon is removed under the spray, the wound washed out,
and an antiseptic dressing applied. If there is no necessity
for exploring the wound, the skin is merely purified, and
then a mass of salicylic jute or other antiseptic material is
applied without disturbing the tampon. If putrefaction oceurs
later the wound must be enlarged, and an attempt made to
purify it. ;

Conservative surgery being more applicable with the aseptic
method, the necessity for primary amputation at the front is less
frequent. and as a rule exists only in the case of smashes from
large balls. Esmarch considers that for such cases a sufficient
supply of antiseptic materials should be present in the am-
bulance. Referring to those cases not treated aseptically which
do well, and to the evils of investigating the wound at the first,
Esmarch says: ‘So far as [ can learn, those cases which
followed an aseptic course were not examined with the finger
on the field of battle, but were dressed at once, while those
cases in which repeated examinations were made appeared to
me often to run a particularly unfavourable course.’

Esmarch’s method has been put to the test by Dr. Reyher
during the late Russo-Turkish campaign. His results were
excellent. He carried out the aseptic method in ftwo ways,
according to the nature of the injury and the treatment before
the case came into the surgeon’s hands., These are, either that
the surgeon closes the wound without further treatment, merely
disinfecting the surrounding parts, or else that he eleans out
and purifies the track of the bullet, and afterwards makes
provision for free aseptic drainage. In the first instance heal-
ing occurs under a crust; in the second, under a moist and
antiseptic dressing.

The eases which are suitable for the first method of treat-
ment—treatment by a crust—are those in which the wound is
small, where no clothing has been carried in with the bullet,
where the edges of the wound fall together, as where the wound
is more or less valvular, and where no examination of the
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wound by finger, probe, &e., has been made. In such a case
the surrounding skin is carefully purified, and an attempt is
made to obtain a dry crust, either by allowing the blood to dry,
or by aiding the drying by applying charpie, gauze, &e.; or the
wound may be covered by a mass of salicylic wool or carbolic
ganze, Reyher lays particular stress on the avoidance of
probing or draining such wounds. On the contrary, any com-
munication with the outer world should be shut off as soon as
possible,

In many cases this ‘occlusion’ of the wound cannot be
depended on, and the bullet track must be washed out, and
treated in the way described under compound fracture, free
drainage being carefully provided. This is chiefly the case
where the missile has been travelling slowly, and where, conse-
quently, the wound in the skin is not so small nor valvular,
and where there is more likelihood of articles of dress beiug
carried in with it ; where, also, as Reyher puts it, the wound is
open and ‘the air has not only entered but must enter again.’
This treatment is also necessary in cases where wounds have
been examined with unclean fingers or instruments before
reaching the ambulance.

It is thus evident that the spray is not required for the
majority of cases, and indeed by following the lines previously
indicated it may be entirely dispensed with. The gauze re-
quired for the dressings can be made in the vicinity, and for
this purpose Reyher carried with him the machine for making
gauze described in ¢ Antiseptic Surgery,” Chapter IIL., and had
thus a constant supply of the freshly-prepared material. There
is not much difficulty, therefore, with regard to the materials;
the real question is how to have the cases treated aseptically
from the very first. Reyher was able to overcome these diffi-
culties by proceeding in the following manner. In the first
place, instructions were given that wounds were never to be
examined at the front, either with fingers or instruments, nor
was any attempt to be made to extract a bullet. The only
exceptions to these rules were cases where blood-vessels were
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injured, though even in these it was generally possible to apply
an Esmarch’s elastic band to control the hemorrhage tempo-
rarily ; and cases where the projectile had passed into the large
cavities of the body, and, without wounding the contents, had
remained in the wall of the cavity. In such a case the bullet
ought to be extracted at once, lest it should fall into the cavity
during the transit of the patient. ¢For surgeons at the front
there is only one line of treatment—to occlude the wound pro-
visionally, to lay the wounded part in a suitable position on
the litter, and to render it provisionally immovable. As
provisional dressing the salieylic balls recommended by
Esmarch are the best.” This method is chiefly suitable for
cases where the soft parts alone are injured. Most of the
serious cases can be attended to as a rule at the foremost am-
bulance.

The more surgeons become imbued with the true principles
of aseptic surgery, and the more thoroughly they grasp anti-
septic surgery in all its developments, so much the greater is the
likelihood of obtaining aseptic results. Reyher’s results show
strikingly what can be done with the methods at present at
our disposal. There can be mno doubt that with improved
methods and increased knowledge and experience, aseptic
surgery will soon be universally carried out in war.!

! For a rézumé of the opinions of army surgeons on the best method
of carrying out aseptic surgery in war, see a little pamphlet by Sargeon-
Major H. Melladew, Notes on Antizeptic Swurgery in War., London :
Ranken & Co. 1881.
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CHAPTER VIIL
ASEITIC SURGERY— (concluded).

Other methods of carrying out aseptic surgery. Substitutes for
carbolic acid : Salicylic acid : Neuber's permanent dressings : Thymol :
Aeetate of Alumina: FEuealyptus oil: Bichloride of wmereury:
Naphthalin : Todoform : Aseptic surgery by filtration of the air.
Subcutaneous surgery,

TuESE are the essential details of aseptic surgery as introduced
and practised by Sir Joseph Lister. The disadvantages arising
from the irritating and poisonous qualities of carbolic acid have
led some to seek other antiseptics as substitutes for earbolie
acid. These attempts have not as yet, however, succeeded in
producing any substance possessing so many advantages as that
acid. The most successful substitute up till quite recently was
salicylic acid, which is used on exactly the same prineiples, but
not with the same constant aseptie results.

The use of salicylic acid was first advocated by Professor
Thiersch, of Leipzig, and the following is a short abstract of
his method of using it.

Salicylic acid is chemically nearly related to carbolic acid.
Its formula is C';H;0,, differing therefore from that of carbolic
acid in containing in addition the atoms of carbonic anhy-
dride. (The formula of carbolic acid is C;H 0.) Salieylie
acid is not poisonous, but it affects the hands in the same way
as carbolie acid. It is absorbed, and may be found in the urine
of patients whose wounds are dressed with it.

A lotion of salicylic acid is employed. This is a saturated
solution of the acid in water at the ordinary temperature, and
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its strength is about 1 part of salicylic acid to 500 parts of
water. ;

Two materials ave used as dressings— viz., salicylic wool and
salicylic jute,

Salieylic wool is cotton wool impregnated with salicylic acid
in the proportions of 3 and 10 per cent. by weight.

The 3 per cent. wool is made by dissolving 750 grammes of
salicylic acid in 7,500 grammes of spirit (83 sp. gr.). This
solution is then diluted with 150 litres of water at the temper-
ature of 70°-80° C.: 25 kilogrammes of pure cotton wool are
saturated with this mixture.

The 10 per cent. wool is obtained by dissolving one kilo-
gramme of salicylic acid in 10,000 grammes of spirit (83 sp. gr.),
the solution being then mixed with 60 litres of water. Ten
kilogrammes of pure cotton wool are soaked in this solution,

This soaking is best done in a large wooden vat, in which
the layers of cotton wool have plenty of room. 1t is best to
place only small guantities of wool (two to three kilogrammes)
in this vat at a time, in order to get an equal distribution of
the acid. Thin layers of cotton wool ave introduced into the
salicylic solution under light pressure, fresh layers being added
only when the former have been thoroughly soaked. When
the whole quantity has been introduced the mass is turned
over, so that the undermost layer becomes the uppermost, and
then it is left for about ten minutes, so as to have equable
distribution of the fluid. The wool is then taken from the vat
and spread out in layers. On cooling, the acid erystallises out,
and the layers are made up into small parcels, not exceeding
two to three kilogrammes each. After twelve hours this wool
is spread out to dry in a moderately warm place. It should
not be hung up, lest the acid should become unequally
distributed.

The 10 per cent. wool is eoloured with carmine for the sake
of distinction.

It is important to note that Thiersch, in speaking of 3 per
cent. and 10 per cent. wool, means wool soaked in the solutions

I
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of the strength described. The wool does not contain that per-
centage of salicylic acid.

This cotton wool does not absorb fluids readily, and therefore
Thiersch now uses jute. This is made from the bark of various
species of Corchorus grown in Bengal, and is cheaper than
cotton wool, and at the same time more absorbent. It is used
of two strengths—3 and 10 per cent. prepared in the same way
as the salicylic wool.

Glycerine is added to the solution in order to prevent the
crystals of salicylic acid from falling out, because they are apt
to produce violent sneezing, coughing, &e.

In order to obtain the 3 per cent. jute 2,500 grammes of
jute are put into a solution of 75 grammes of salicylic acid
in 500 grammes of glycerine and 4,500 grammes of water at
70°=80° C.

In the glycerine jute the acid is more equally distributed
than in the cotton wool. In the case of the latter the cotton
is frequently so imperfectly charged that it i1s necessary to place
a layer of 10 per cent. cotton next the wound, and then outside
this the 3 per cent. wool. In the case of the glycerine jute a
4 per cent. material is sufficient for the whole dressing.

As to the spray, Thiersch does not care whether it is 1-50
earbolic acid or 1-300 salicylic acid. Carbolic acid is to be
preferred, because it causes less coughing and sneezing, and it
does not adhere to the clothes.

Salicylic acid is best in some cases, as it irritates the wound
less than the carbolie.

For disinfecting the hands and skin, carbolic acid or salicylic
acid may be used, but for the instruments earbolic acid must
be employed, because the steel becomes oxidised in a solution
of salicylic acid.

The sponges are washed in carbolic acid,

No protective is required, because the salicylic acid is but
little irritating.

Macintosh is also unnecessary.

In order to enable the dressing to peel off and to let the
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discharge get away more easily, a layer of gutta-percha tissue
or of oiled silk riddled with holes and covered with a piece of
gauze is applied next the wound.

This treatment may be illustrated by a case of amputation.

The patient having being chlovoformed and Esmarch’s elastic
bandage applied, the part is shaved, washed with soap and
water, spirit and turpentine oil, and then with salicylic acid
lotion, or with the 1-20 ecarbolic acid solution. It is also
sernbbed with a nail-brush for a few minutes (quite unneces-
sary), The operation is carried out with the usual aseptic
precautions. After arresting the hammorrhage the wound is
closed with deep and superficial stitches, A drainage-tube is
then introduced into each angle, and the wound is washed out
with salicylic aeid solution till the fluid which comes ont is
clear (unnecessary). A piece of perforated gutta-percha tissue
and three finger-breadths of carbolic gauze are then applied ;
over this comes one finger's thickness of the strong salicylic
wool, and outside this two fingers’ thickness of the weak wool.
The whole is then fastened on with a bandage.

If the patient complains of pain the dressingis changed and
the wound examined. If not, it is left till the eighth or tenth
day, when it is changed, in order to remove the drainage-tube.
If any discharge comes through in the first instance, fresh wool
is put outside the dressing. The second dressing is left till
healing is complete,

Large compound fractures ave treated at first by irrigation
with salicylic acid. In order to protect the skin from irrita-
tion, it is from time to time rubbed with salicylic cream. After
all risk of abscess formation has passed off and the wound is
grannlating well, one may apply dry salicylic dressing as before
described. As I have already pointed out, this is an excellent
dressing for recent wounds but not for abscesses, nor would 1
use it in eases of incision into joints.

Where there is a tendency to inflammation, more especially
where there is imperfect drainage with progressive abscess

I 2
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formation, wet salieylic dressing should be applied. This is
ordinary salicylic dressing, which is from time to time soaked
with salieylic lotion.

In some cases wounds are filled up with powdered salicylic
acid and salicylic wool applied outside. This is said to purify
wounds already septic. In some cases, however, there is risk
of salicylic acid absorption and poisoning.

In connection with the salicylic dressing, T may draw
special attention to the permanent dressings advocated more
especially by Neuber. For ligatures he uses catgut, for drain-
age absorbable tubes of decalcified bone, and in his first method
he fastened layers of gauze over the wound, filled up the hollows
with salicylic wool, then fastened on a mass of salicylic wool,
and then outside all a carbolic ganze dressing. Such a dressing
may be left till the wound heals. Later he used 10 per cent.
carbolised jute wrapped in carbolic ganze. When the iodoform
dressings were introduced he then used iodoform wool or jute,
and of late he has employed peat mould mixed with iodoform
and made up in gauze bags. This peat mould may also be im-
pregnated with bichloride of mercury in the same way as wool
(see below).

Thymol as an antiseptic application to wounds was introduced
some years ago by Ranke of Halle, and was much lauded on
account of its non-poisonous and non-irritating qualities,

The thymol gauze was made on the same principles as the
carbolic gauze, spermaceti being, however, employed. A thymol
solution of the strength of 1-1000 is made by the addition of
alcohol and glycerine.

This antiseptic has not answered the expectations entertained
at first. It does not prevent putrefaction, and has been justly
abandoned in aseptic work,

Acetate of alumine has been lately used by Maas. He
applies lint dipped in the solution (21 per cent.) to the wounds,
over a piece of protective, and covers this with macintosh.
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The edges of the dressing are surrounded by salicylic wool.
The strength of the spray is also 2 per cent.

He says that this is a powerful antiseptic, and that with it
he gets typical aseptic results. The substance is unirritating,
non-poisonous, and very few dressings are required.

Fucalytus oil has recently been strongly advocated by Dr.
Schulz of Bonn.! Its antiseptic propervies were shown by
Bucholtz in his paper on Antiseptics. He found that it was
three times as strong as carbolic acid, for while ecarbolic acid
prevented putrefaction when present in the proportion of 1 in
200 parts, the eucalyptus oil only required to be present in
the proportion of 1 to 6666 parts to produce the same effect.

Siegen also showed that eucalyptus oil prevents putrefaction
and alcobolic fermentation better than earbolic acid. He found
~that blood to which § per cent. of eucalyptus oil had been
added was quite odourless ten days later. Bing states further
that it hinders the passage of white corpuscles out of the vessels,
and that therefore, on Cohnheim’s theory, it is an agent capable
of arresting suppuration.

With regard to its usefulness, its smell is more pleasant
than that of earbolie acid. It dissolves readily in alcohol or
in oil, and mixes perfectly with pure paraffin.

Schulz also states, from Siegen’s experiments and from his
own, that the eucalyptus oil is not poisonous. The tree from
which the oil is obtained grows in large numbers in Australia,
and the oil can be obtained in large quantities and very cheap.

Schulz recommends that for the spray the glass bottle should
bz filled with the pure oil or with oil dissolved in alcohol. The
steam would then pick this up and make an emulsion.

As a lotion it might be used in the form of an emulsion.

Schulz proposes that the wounds sheuld be dressed with lint
saturated with a 10 per cent. solution of eucalyptus or olive oil.
Outside this, or instead of it, may be used Lister’s gauze dressing
containing eucalyptus oil instead of carbolic acid. A gauze

U Centralblatt fir Chivurgie, January 24, 1880.
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which contains even 50 per cent. of eucalyptus oil may be made
with parafin. Dr. Schulz has not himself, however, used this
method.

Sir Joseph Lister has for some time been making an exten-
sive trial of eucalyptus oil in the treatment of wounds. A
gauze has been prepared similar to the ordinary gauze, bhut
containing eucalyptus oil instead of carbolic acid. Damunfar
has also been substituted for the ordinary resin. So far this has
proved very satisfactory. It seems to be fairly trustworthy as an
antiseptic, and ean be used under circumstances where carbolie
acid is apt to causeirritation, as in dressings on the scrotum, or
in patients whose skins are liable to be irritated by carbolie
acid. Being non-poisonous, it may also be substituted for car-
bolic acid in cases where constitutional effects are apt to follow
the absorption of the latter, Indeed, of iate, Sir Joseph Lister
has used eucalyptus gauze almost to the exclusion of carbolic
gauze. On account of the great volatility of the oil the gauze
is, however, very uncertain in quality, and is, therefore, not so
safe as the carbolic gauze.

It has also been employed as an ointment in the proportion of
one part by measure of the oil to four parts by weight of the same
base as is used for the boracic and salicylic ointments (p. 44).
This ointment is employed in the cases for which boracie and
salicylic ointments have up to the present been used, and it
possesses the advantage over the latter in that the oil not only
renders the discharge pure as it passes over it, but also, on
account of its volatility, bathes the parts in an antiseptie
vapour. Hence it will probably be especially useful in the
treatment of burns (see p. 100). Its non-poisonous qualities
are also a great point. As yet mo experiments have heen
made with the view of substituting it for carbolic acid in the
lotions used in the spray, in washing wounds, purifying instru-
ments, &c.

Among the more recent antiseptics the bickloride of mercury
deserves special notice. Since Koch’s research on disinfection
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it has been largely used in Germany. Bergmann, however, has
employed it since 1878. Max Schede has done a great deal of
work with it, and T will refer chiefly to his methods.

There are two solutions employed : a weak watery solution
of J1;th per cent. strength, and a strong watery solution of ! th
per cent. These are used for disinfecting the skin and as lotions
for the wound, &e. For the spray and the disinfection of instru-
ments carbolic acid is still employed. The catgut is laid in the
first instance for twelve hours in a 1 per cent. watery solution,
and then kept in a 1 per cent. alcoholic solution containing 10
per cent. glycerine. An antiseptic powder is formed by mixing
sand which has been subjected to a high temperature with a
1 to 10 solution of bichloride in ether. A ';th per cent. and a
Jth per cent. make a good powder for sprinkling over wounds.
Inthe caseof superficial woundsthis powder is first sprinkled over
them, and then a dressing of sublimate gauze or wool is applied.
This dressing is made by soaking unprepared gauze or wool in
the following solution : corrosive sublimate 10 parts, glycerine
500 parts, and alcohol 4,490 parts.

In the case of wounds united by stitches a layer of glass
charpie is first applied, made of spun glass, which is always kept
in a 1 per cent. watery solution. Over this the sand issprinkled
and then the sublimate wool, the whole being fastened by a
bandage. Capillary drains of this spun glass may also be used.
The dressings may be left unchanged for weeks.

Some surgeons do not use the sand loose but enclose it in
disinfected bags, or instead of sand coal ashes may be used con-
taining ;;th per cent. sublimate. The ashes are lighter than
the ‘sand.

Von Bruns employs wood wool impregnated with 1 per
cent. sublimate and 5 per cent. glycerine. He first washes the
wound with the {};th per cent. watery solution, then stitches it,
uses the spun glass as a drain and covers the whole with the
wood wool.

Very excellent aseptic results are obtained in this way, but
sometimes severe irritation and eczema has been observed, and
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also in several cases salivation. From what T know of the
results I doubt if they are so constantly good as with car-
bolic dressings, and except in the matter of permanent aseptic
dressings I do not as yet see much advantage from the use of
the sublimate.

In the ¢ Lancet ’ and ¢ British Medical Journal ’ for October
1884 will be found a paper by Sir J. Lister on corrosive sub-
limate as a surgical dressing. He finds that if combined with
serum it loses to a great extent its irritating properties. He
proposes to make a gauze impregnated with a mixture of 1 part
of sublimate to 100 of serum. He is, however, still working
at the subject, and il is somewhat premature definitely to re-
commend a particular sublimate dressing.

Naphthalin (C;,Hy) obtained from coal tar has also been
extensively used by E. Fischer of Strasburg. He found that
while a powerful antiseptic it was not poisonous to man.
Foul wounds powdered with it were soon purified.

In the case of open wounds, Fischer fills them with
powdered naphthalin and then applies a mass of absorbent wool
or gauze, a piece of macintosh and a bandage. The dressings
are impregnated with naphthalin either by sprinkling a
quantity of the powder in them, or by soaking them in a
strong solution of naphthalin in alecohol and ether, and allmﬁng
the aleohol and ether to evaporate.

An ointment of equal parts of naphthalin and vaseline is
also employed. Fischer also uses an ethereal solution for the
disinfection of foul wounds. It is either brushed or sprayed
over the surface of the wound.

In an American review of my ‘Antiseptic Surgery,’ I was
severely blamed for not mentioning or laying stress on Zodo-
Jorm asa substitute for carbolic acid in the treatment of wounds.
I omitted it intentionally, for I did not consider that it was a
good antiseptic, nor did I think that it would be used for any
length of time. This view has proved correct. Iodoform is

P -':::-l-.i
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not a powerful antiseptie, and is net now nearly so much em-
ployed as it was two or three years ago. It has been found
that in a considerable number of cases severe symptoms of
puisoning have followed its use, while it does not even prevent
the occurrence of erysipelas. In the clinique of Max Schede
and others who may be trusted to observe all the necessary pre-
cautions for antiseptic work, severe epidemics of erysipelas have
occurred in wounds treated by iodoform, and they have for this
reason, and on account of its poisonous qualities, given up its
use.

Wounds are powdered with the iodoform, a gauze or wool
containing 10 to 20 per cent. of iodoform is applied, the piece of
the dressing placed next the wound being, however, soaked in the
1-20 carbolic lotion. Carbolic acid is also used for disinfection
of skin and instruments and for spray. There is no doubt that
many good results are obtained, especially if no macintosh is
applied outside the wool, but the results are not so constant as
with carbolic acid, and in corrosive sublimate, salicylic acid,
acetate of alumina, &c., we have much better substitutes for
carbolic acid.!

So far we have been considering modes of preventing putre-
faction in wounds, based on the fact that the septic particles in
the air and on surrounding objects may be deprived of their
power of causing fermentation by contact with some suitable
chemical substance. But it is also sufficient for the avoidance
of fermentation in flasks to keep the dust out mechanically, as,
for instance, by means of cotton wool. This fact was made use
of by Sir Joseph Lister some years ago in the following manner.,
I may quote his remarks, which are given in a foot-note to his
article on Amputations in Holmes' ‘Surgery,” vol. v. p. 619,
published in 1871,

¢ Among recent contributions of fact to the elucidation of

1 Full details with regard to the use of iodoform will be found in
E. Fischer's Handbuech der allgemeinen Verbandlehre, Stuttgart, F.
Enke, 1884,
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this question (the germ theory) may be mentioned Professor
Tyndall’s simple but beautiful proof of the existence of organic
particles of dust of excessive minuteness in the air by means
of a condensed beam of light, and the equally eclear ocular
demonstration afforded by the same method, that even the
finest particles are capable of being removed from the air by
canses which Pasteur, in some of his experiments, inferred must
clear it of suspended organisms, such as the action of gravity
and filtration by cotton wool. The fact last named seemed to
promise valuable results in antiseptic surgery, and experiments
made with this view have afiorded further evidence in favour
of the germ theory, which it may be well to mention here, I
found that if cotton wool impregnated with either chlorine or
sulphurous acid gas, or with the vapour of benzine or earbolie
acid, was placed upon a wound or granulating sore, after
washing the surface with a solution containing the same agent,
although the volatile antiseptic left the cotfon in about a day,
the blood or pus still effused beneath the cotton remained free
from putrefaction for an indefinite time, provided that the dis-
charge was not sufficiently copious to soak through the cotton
and appear at the surface, in which case, the meshes between the
fibres affording ample space for microscopic organisms to develop
in, putrefaction spread within a few hours throughout the
moistened part of the mass. This circumstance greatly inter-
fered with the practical utility of the dressing, and it has since
been superseded by the antiseptic gauze to be described in the
text, but the facts seem to me important with regard to the
germ theory. The cotton wool, though it loses all chemieal
antiseptic virtue in a day, yet will keep out putrefaction for a
month or more. It cannot possibly keep out any atmospheric
gas, which is necessarily diffused freely between its fibres, and
gets in for the same reason that the volatile antiseptic gets out.
That which it does exclude can only be suspended particles of
dust. It follows, therefore, as a matter of certainty, that the
cause of putrefaction through atmospheric influence of blood or
pus, or, in other words, suck materials as the surgeon has to

g :'-F"j
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deal with in treating wounds, are not the atmospheric gases,
but dust, and the fact that this dust is deprived of its putrefac-
tive energy by agents which are chemically so unlike as chlorine,
sulphurous acid, benzine, and carbolic acid, but which agree in
having a common hostility to animal or vegetable life (I used
benzine because I knew that the entomologist employs its vapour
to kill insects), this fact confirms the view that the putrefactive
particles are really organisms. I commend these simple-experi-
ments with cotton wool to the candid judgment of the reader,
because, whatever may be thought of their bearing upon the
allied subject of spontaneous generation, they must be allowed
to afford absolute demonstration of the truth which is the
foundation of the antiseptic system, viz., that the putrefaction
of blood or pus under atmospheric influences is caused not by
the gases of the air, but by suspended particles, which can be
deprived entirely of their septic energy by the vapour of an
agent like carbolic acid.’

It will thus be seen that what Sir Joseph Lister used here was
not an antiseptic application but an aseptic one, and that the
only mode in which this dressing acted was by mechanically pre-
venting the particles from reaching the wound, For the reasons
quoted, this method has not been turned to practical account,
though, as we have seen, it is still used in cases of gangrene in
order to protect the weak parts from all sources of irritation.

Mr. Barker, of University College Hospital, has tried a
similar method in one or two cases. He puritied cotton wool
by heat, and applied between it and the wound a layer of lint
dipped in carbolic oil. This method, however, seems to be im-
practicable, for after the wool has been heated, but before it
is applied, dust would very probably gain access to it unless
very complicated precautions were taken. I believe that if
pure cotton wool is used Sir Joseph Lister’s method 1s the only
practicable one,

I have mentioned these experiments more as confirming the
theory of aseptic work than fer the purpose of recommending
the method for adoption. I believe that thoroughly satisfactory,
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and indeed the best, results may be obtained by the use of suit-
able chemical means,

Subeutaneous surgery is another way in which the aseptic
principle may be carried out. Here the wound is made under
the skin and away from the air dust altogether. If, however,
the instruments used are not thoroughly disinfected, it may
happen that micro-organisms capable of living in the tissues
may be carried in with them and lead to suppuration or some
other mishap.



i CHAPTER IX,

ANTISEPTIC SURGERY.

Treatment by antiseptics: Cardolic acid—objections to it : Chlovide of
zine : Boracic acid : Sulphurous acid : Chlovinated soda : Aleolol—
Hutelingon's method : Terebene and Sanitas— Bilguer’s method—
Neudirfer's salicylic powder. Free drainage as an antiseptic methaod.
Iirigation and immersion. Open method : Modes in which it acts
antiseptically : Bartseher and Vezin's method : Burew's method :
Rose’s modification. Healing by scabbing : Methods of forming a
erust : Bowigson's ventilation method : other modez, Guérin’s cotton-
wool dressing. Modes in which the destructive action of the tissues
on bacteria is assisted. Why does not fermentation always oceur in
the blood in wounds in which organisms are present 7 Best practical
metlhods.

I.—Methods by which various Antiseptics are added to the Dis-
charge, so as to hinder the Development of Organisms in it.

WA are the best antiseptics to use for this purpose !
C'arbolic acid is the one most frequently employed, but, in
my opinion, it is by no means the best in this instance. In
vegetable infusions, where carbolic acid is present in the pro-
portions of 1-300 to 1-350, all further growth of organisms is

* prevented, but in such fluids as serum, milk, pus, &e., the acid

forms a compound with the albumen, and a much larger propor-
tion is required. Thus, in milk, carbolie acid in the proportion
of 1-54 is just enough to prevent development. Inaeccordance
with this fact, a very strong solution would be required in the
case of wounds, or it must be added in large quantities, in
order to prevent the development of micro-organisms.

And so my own experience of carbolic acid as a disinfectant
in the form of a 1-40 watery solution in putrid cases is un-
favourable, while on the other hand, if 1-20 carbolic acid be
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used, it is very irritating and interferes with healing. Injected
once or twice a day, the latter destroys the superficial granula-
tion cells, and produces a thin slough in which bacteria develop,
and from which it is very difficult to dislodge them. Then its
poisonous qualities are objectionable, and are of course much
more evident when the acid is injected into wounds or abseess
cavities than when used in the manner deseribed in the chapters
on aseptic surgery.

Further, Dr. Wilhelm Hack,! in a paper on the power of
absorption by granulations, has demonstrated that granulations
treated with carbolie acid possess many of the qualities of a
recent wound as regards absorption. For instance, apomorphia
which was only absorbed during the first twelve hours by wounds
treated with water dressing, was readily absorbed at any time
by granulating wounds treated with carbolic acid ; and therefore,
in the absence of information to the conirary, I should fear
that some of the poisonous products of putrefaction might be
absorbed with like avidity, Hence, 1 do not like carbolic acid
unless it is used aseptically.

Chloride of zine applied to the cut surface has been already
alluded to. A single application of an 8} per cent. watery
solution has the remarkable property of preventing putrefaction
in a wound for some time after an operation ; sometimes, in-
deed, till granulation is nearly complete. It is further useful,
according to Hack’s experiments, in that the slough caused by
it does not permit the absorption of substances from the wound.
When used in the treatment of wounds, a dilute solution (1 or
2 grs. to the ounce of water) is employed.

Boracic acid 1s too weak an antiseptic to be of much service
as an injection, but the boracic ointment and the boracie lint
act well as dressings.

One of the best antiseptic lotions is made with Sulphurous
acid. This is a powerful germicide, It is also non-irritating
and perfectly free from any poisonous qualities. It is used as

V Ucber das Resorptionsvermiogen granulirender Flichen, Leiprig,
1879.
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a solution which is made by mixing together equal parts of the
sulphurous acid of the Pharmacopmia and water or glycerine.
This may be still further diluted if necessary.

The Chlorinated soda soluticn is mentioned by Dr. Cabot as
standing next to 1-20 carbolic lotion in rapidity of action on
bacteria. The strength generally employed is 3ss. to ] of water.

Aleokol is not a bad application to wounds, but in order to
be effectual it must be used strong. It has a further advan-
tage, for Dr. Hack has shown that granulations treated with
alcohol do not absorb at all or only very slightly ; and to this
may be attributed, to some extent, the favourable course of the
cases in which wounds are simply washed out with an aleoholic
solution, and a rag, dipped in the same solution, applied outside,

Myr. Jonathan Hutchinson, more especially, has had
remarkably good results from the use of alecohol. His method
is as follows: Having carefully arrested all hemorrhage,
chiefly by torsion, he washes out the wound with pure spirit.
He then carefully arranges drainage-tubes at the most depen-
dent parts, and stitches up the rest of the wound. Thin com-
presses soaked in a lotion composed of 6 parts of absolute
aleohol, a half part of liquor plumbi, and 16 parts of distilled
water, are now applied. These compresses are kept constantly
moist, either by a nurse or by means of a drop irrigator
The lint is changed daily. Inthe treatment of important cases,
such as compound fractures and dislocations, the rule observed
is never to allow theskin to become warmer than natural. His
wounds generally heal by first intention, and septic poisonirg
is very infrequent.

In some of these cases no doubt the wound may be aseptic
from first to last. To apply an antiseptic to a wound, to
stitch up immediately, and then keep an antiseptic dressing
constantly applied, is really to operate more or less aseptically,
and I believe, with regard to Mr, Huichinson’s cases,
that this partly explains the good rvesults—the wound being
aseptic, at least for a time. Then Hack’s results have a strong
'bmring on these cases, for absorption does not take place
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readily. Mr. Hutchinson is also very particular to have free
drainage, which powerfully helps to maintain the aseptic con-
dition ; and lastly, he carefully selects the cases for operation,
only operating, unless in cases of necessity, where the patient is
in good health. This selection of eases is a thing not necessary,
and not done where complete aseptic treatment is employed.

The method which I should think was the best, acting on this
principle, is the following ; it is practically what Sir Joseph
Lister employs with excellent results, only I would reject the
carbolic acid. After the wound has been made, and before any
stitches are inserted, the raw surface ought to be thoroughly
sponged over with chloride of zine solution (40 grs. to the oz.
of water). In the case of operations on the extremities, this
is best done before the tourniquet is relaxed, so as to insure its
thorough applieation, for otherwise the blood would wash away
the solution or dilute it before it has had time to act. Silver
wire stitches are then inserted—speeial care being taken to insure
free drainage, by the use of large drainage-tubes. As a dress-
ing in the first instance, till the bleeding has stopped, several
layers of wet boracie lint (wet in boracic lotion) are applied.

On the day following the operation the lint is removed, the
surface of the wound is thoroughly cleansed with acetate of
alumina, sulphurous acid or chlorinated soda lotions, or with
Hutchinson’s lotion, and the drainage-tubes are washed out
with the same, though not removed. The dressing is now a
narrow strip of the salieylic, encalyptus, or full strength horacie
ointments, thinly but evenly spread on calico, and outside this,
overlapping it in all directions, one or more broad layers of
boracie lint or a mass of salicylic wool,

On the second or third day the drainage-tube is removed,
and is washed in 1-20 carbolic lotion, the wound being then
syringed out with the sulphurous acid or other lotion, After a
day or two the ointment over the line of incision is changed to
the half-strength boracie, or if salieylic or encalyptus ointment
was used, they are retained. These dressings are changed daily
at first, but when the discharge diminishes, they may be left
for two days.
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Terebene and sanitas are remarkably good applications where
the smell is bad.

The results of this treatment arve of course not so perfect as
those of the aseptic method, for, however carefully one washes
out the wound, there are ponches in it into which the flnid does
not enter, and pieces of slough cannot of course be disinfected.
Thus prolonged suppurations may occur, caries may continne
without tendency to cure, and even acecidental wound diseases
(py@mia, &c.) attack the patient.

With regard to the use of chloride of zine, I ought to say
that it is well not to apply it to wounds which must, if possible,
heal by first intention, as, for instance, in incisions about the
lips or face.

It was on this principle that Lemaire employed carbolic
acid and coal tar; and his results, though very good, by no
means correspond to those obtained by strict aseptic treatment,

It was also on this principle that good results followed the
use of balsams of various kinds in olden times. The most
remarkable example of the success of such attempts at rendering
the wound secretions incapable of putrefaction by the use of
balsams, was that of Bilguer in the last century. No doubt
where the wound is shallow, and possesses few recesses, and
where the balsam or other antiseptic employed fills up these re-
cesses, we have really an aseptic treatment and an aseptic result.

By sprinkling powdered salicylic acid on wounds till no
more fluid passes out, Neudorfer manufactures a paste under
which he says that healing may oceur without suppuration.

11.— Free Drainage as an dntiseptic Method.

I have already discussed the main principles of drainage
under the head of aseptic surgery. It is quite clear that, if dis-
charge flows away as fast as it is formed, there can be no marked
development of bacteria or of their products. The free drainage
of a wound from which organisms are not from the first excluded
is therefore of the utmost importance. 1 have already described
the use of india-rubber tubes, and I have refeired to catgut

K
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and horse-hair. Since, in a wound not treated aseptically,
fermentation, most probably followed by suppuration, generally
occurs in the track of the drain, we must provide such a drain
as shall permit the free escape of pus. Now, neither horse-hair
nor catgut can drain pus, and, therefore, a tube of some kind
or other must be used. This may be an india-rubber one, or it
may be made of various kinds of metal, perforated at its sides,
and cut flush with the surface. The tube, of whatever material,
must be removed from the wound at each dressing and washed
with a strong antiseptic lotion, say 1-20 carbolic lotion. If
this be not done, portions of decomposing tissue, &c., remain
inside the wound, and become more and more putrid till very
soon they become caustie.

Where the wound is not treated aseptically, the principle of
having the most dependent opening possible must be carried
out to the full.

I1I.—frrigation and Immersion.

The principle of free drainage is never of course used alone ;
cther principles act along with it. Of these, one of the most
satisfactory is that in which the discharge is not merely allowed
to flow away, but is washed away, and the further addition to this
principle of adding an antiseptic to the water used for the irri-
gation and of thus keeping the wound constantly bathed in an
antiseptic fluid. The latter is the form in which irrigation and
the water bath are now always employed, viz., by the use of an
antiseptic solution.

Irrigation is, as a rule, enly practicable on the extremities,
though it may be carried out on the trunk. For the latter,
however, the continuous water bath is the most convenient,

The wounded part having been arranged at perfect vest, a
sheet of macintosh is fastened to the limb, and so arranged
that the fluid flowing from the wound shall be conducted to a
tub ; the vessel containing the fluid is fixed at a considerably
bigher level than the patient. The form of irrigator most
generally used at the present time is Esmarch's. This consists
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of a cylindrical leaden or zine vessel, which has a ring at its
upper part to enable it to be aflixed to the wall. From the
side of this vessel, close to its bottom, a tube
passes, and to the end of this tube is fastened
a long piece of india-rubber tubing with a
nozzle at its end. This nozzle is arranged
so a8 to direct the fluid into the deeper parts
of the wound. The fluid used is generally
some weak antiseptic solution, such as chlori-
nated soda, or sulphurous acid, or boracic
acid.

A very good apparatus can be made in
an emergency (according to Thiersch) by
knocking the bottom out of a champagne
bottle, and having the tube for conveying
away the fluid passed through the cork. The
bottle is inverted, filled with the solution,
and fastened to the wall. The fluid used
may be tepid or cold : there is no advan-
tage In using it very cold, as recommended
G, by some.

T i Where the fluid is dropped on to the

ﬂ:;g:‘;g;h BomLE  wwound, it is well to place a piece of lint over

the part where the drop falls, to prevent the

constant irritation caused by the concussion. The skin in the

neighbourhood of the wound ought to be coated with palm oil,
in order to prevent maceration.

The continuous bath is either a bath in which the whole
patient can be immersed, or one in which the wounded part
alone is placed. There are numerous methods of doing this, but
I shall only refer to Langenbeck’s and Valette’s methods.

Langenbeck placed the wounds in the bath immediately
after the operation. Where possible, he stitched up the wound,
leaving a space at the angle through which discharges passed,
and through which the ligatures were brought out. During

the first twenty-four hours, the limb was simply suspended in
K 2
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a bath, and was not arranged in a special apparatus which
is apt to constrict the part and cause bleeding. When the
edges could not be brought together, charpie and a bandage
were applied for the first twenty-four hours to prevent bleeding.

The permanent bath was continued till granulation was
complete, and till epidermic formation had commenced. The
limb and granulations were apt to become cedematous, but this

FI1a. 49.—ARRANGEMENT For IRRIGATION IN THE UPPER LidB.
{ After Ezmareh.)

subsided in a few hours after the removal of the part from the
bath. The apparatus was emptied night and morning, and the
walls of the vessel carefully sponged with water containing
cnlorinated soda or chloride of lime. When the stump had
been closed at first, the wound was daily injected ulong the
course of the ligatures. The temperature of the water was at
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first 10°-12° (., but it was raised, as the patient could bear it,
to 31°-37° C. The skin of the stump had a thick layer of
grease over it, to prevent the action of the water on the
epidermis. Where the whole body had to be immersed, the

Fig, 50.—ARRANGEMENT FOR IRRIGATION IN THE Lower LIME.
{ After Esmarch,)

immersion was continued for a half to one hour daily in water
at the temperature of 34° C. Water dressing was employed
towards the end of the case.

To avoid the dangers resulting from fermentation of the
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fluid in the bath and in the wound, Valette impregnated the
water with tincture of benzine, creosote, alcohol, or perchloride
of iron. The last gave the best results. There was no putre-
faction of this fluid, and he seems to have had great success.
He was especially struck with the absence of traumatic fever.

The advantages of the treatment by constant irrigation are
that the discharges are removed as fast as they form, and at-
the same time, where an antiseptic is employed, the part is kept
constantly sweet. Thus, where the cavity is small and uncom-
plicated, there may be a truly aseptic state of affairs,

At the same time, where tepid water is used granulation is
favoured, while pain and nervous irritation are very much

Fic. 51.—APPARATUS FOR CONTINTOUS IMMERSION,
{ After Esmarch.) (Forthe extremities,)

diminished. Further, the parts are kept at absolute rest, the
necessity of moving them in order to change dressings, &e.,
being avoided.

As an antiseptic means, I should think that satisfactory irri-
gation is better than the continuous water bath, for in the
latter there is not the same constant change of fluid, nor the
same washing away of the discharge.

The favourable results of constant irrigation, especially
when antiseptic fluids are employed, in preventing septic
diseases are very remarkable, and, in this respect, it probably
stands next to strict aseptic treatment.

The disadvantages of these methods are for the most part
the sodden state of the wound and the consequent cedematous
condition of the granulations, the constant state of unrest of
the wound and the inconveniences attending the application

e
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of the method. For the first reason they are discontinued
when granulation is complete and has filled up the deeper parts
of the wound, and when the time for blood poisoning has passed.
That the good results of irrigation and immersion are not
due to mere maintenance of temperature, as has been supposed,
is shown by the results of M. Guyot with his incubation method.
ere the wounded part was enclosed in an incubating
apparatus, and kept permanently at a high temperature. This
method, though much lauded for a time, really secems to have
favoured considerably the development of septic diseases.

IV.—Concentration of the Fluids and their Admixture
with Oxygen.

The method of treatment which has bLeen the greatest
stumbling-block in the way of the acceptance of the prineiples
of antiseptic surgery is the open method; for surgeons have
been unable to see how the success of this method could be
reconciled with the germ theory of putrefaction. They have
looked on it as the antithesis of aseptic treatment, as acting
on the very opposite principle to that on which the aseptic
method is based. And yet, when we come to consider the
matter in the light of the true principles of antiseptic surgery,
we find that the open method is an advanced method of anti-
septic treatment. Of course other principles, such as that of
perfect rest and free drainage, also tell markedly in this case.

I have stated that this open method acts antiseptically in
two ways, and these I must now briefly consider.

1. It acts antiseptically in that the discharges dry up, and
become more concentrated, and thus become unfit soil for the
growth of bacteria.

That concentrated fluids are not suited for rapid develop-
ment of organisms is well known. Thus Pasteur pointed out
that organisms could not grow in sugary solutions which had
become concentrated. This fact is made use of in the arts, in
the preservation of fruits. Sugar is added in large quantities,
and then the fruit can be kept for an indefinite length of time.
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It is not that the sugar is an antiseptic killing the organisms,
it is merely that by its presence in large amount the fluid is
rendered unsuitable for development.

The same principle is made use of in preserving milk. The
milk is evaporated to one-third of its original volume, and a
considerable quantity of sugar is added to it. Without the
addition of the sugar, the condensed milk may be kept for a
considerable length of time without the appearance of organisms
in it ; with sugar it may be kept indefinitely.

The same is the case with other albuminous fluids, such as
the discharge from wounds. Concentrate pus, and it will be
found that organisms develop in it only with difficulty.

Then we know the contrast between cases of dry and moist
gangrene ; how in the latter putrefaction rapidly occurs, or, in
other words, organisms rapidly develop, while in dry gangrene
putrefaction does not oceur, ¢.e. organisms cannot develop.

2. In the open method another antiseptic advantage is
gained by the free admission of oxygen to the discharge.

Some very remarkable effects of oxygen in retarding putre-
factive and other fermentations were published long ago by
Pasteur. He pointed out that if a sugary solution were freely
exposed to air in a thin layer, the yeast plant, though it grew
luxuriantly, caused very little fermentation. On the other
hand, if oxygen were excluded, only a small development of
the yeast cells was necessary for fermentation. And he has
shown that other plants besides the yeast plant can cause alco-
holic fermentation, if only they are deprived of free oxygen.

With regard to putrefaction he has brought forward similar
evidence. The organisms which cause putrefaction are, ac-
cording to him, ineapable of living in the presence of oxygen.
If a putrescible fluid be freely exposed to the air in a thin layer,
putrefaction does not oceur, at least not for a very considerable
time. Oxygen apparently not only interferes with the fermen-
tative process, but actually destroys the bacteria which cause
it. Hence the free exposure of a putrescible fluid to the air
results in comparative freedom from putrefaction, partly because
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the oxygen interferes with the development of fermentative
changes, and partly because the oxygen directly kills the putre-
factive bacteria.

~ There are two methods of wound treatment which act on
the principles alluded toabove. The first is that introduced by
Bartscher and Vezin, and carried out in the following manner
¢ After vessels have been tied, and after the stump has been
cleansed from blood-clots by means of a sponge and cold water,
the patient, for whom two beds are provided close to each other,
1s put to bed, the stump is laid on a soft pillow, and over it a
piece of gauze or linen is loosely placed in order to keep ont the
flies, the whole stump being freely exposed to the air.” At the
morning visit, the surgeon pushes his hand under the stump,
raises it, removes the pillow and applies a new one, or lifts the
patient on to the other bed, without further cleansing of the
wound. In this method all attempts at union by first intention
are given up.

Burow of Kinisberg published his method in 1859. He
attempted to obtain primary union as far as possible. This he
did by bringing the surfaces of the wound into contact after a few
hours by means of strips of plaster applied over part of the
surface, all other dressings being avoided.

Rose, whose results of open treatment have been specially
published by Kronlein, adheres to Bartscher and Vezin's
method, with this exception, that he daily washes out the
wound with some antiseptic lotion. Crusts are removed, as
they are never complete enough to prevent putrefaction, and
only cause tension by their presence, and indeed protect the
discharge underneath from the action of the air, or of the anti-
septic lotion. - Rose further ventilates very freely, so as to have
a plentiful supply of air to the stump. He employs this method
in all wounds except those on the face, where union by the first
intention is desirable.

The open method pure and simple is that introduced by
Bartscher and Vezin ; for here, while the discharges are allowed
to flow away freely, they are left to the unaided action of the
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air, The antiseptic effect of this method is no doubt inereased
by the addition of intermittent antiseptic irrigation.

Burow’s method cannot act nearly so perfectly, for in it dis-
charges must accumulate in various parts of the wound, and
they are therefore not so conveniently placed for thorough action
of the air.

Among the objections to these methods are the following :
in all, except Burow’s, union by first intention cannot possibly
occur, indeed no attempt is made to obtain it ; as a consequence
of this, a long time is required for healing, while a larger scar
is obtained ; the frequent formation of scabs and.the consequent
tension also cause great annoyance,

Closely allied to the open method stands healing by scab-
hing. This may be brought about chiefly in two ways. The
crust may either be allowed to form naturally, or its formation °
may be aided by artificial means.

This healing by seabbing acts in two ways. In the first
place, the first principle of the open method of freatment comes
into play; the discharge dries up and becomes an unfit soil for
the development of organisms. In the second place the fluid
underneath it is in such a thin layer that the living tissues in
the neighbourhood prevent the development of organisms in it.
Of course in many cases no living organisms would be there to
develop, for the scab would form an absolute protection against
their entrance.

The natural formation of the erust can only take place effici-
ently in small wounds, and only exceptionally where cavities
and recesses are present. For in larger wounds, as we have
seen, there is too much discharge for a sufliciently rapid and
thorough formation of a crust; and if the crust is not perfect
and rapidly formed, putrefaction takes place underneath it, while
at the same time, by confining the discharges, tension and nleera-
tion result in place of healing.

But though this natural formation of a erust cannot be trusted
to in most cases, yet by artificial means a satisfactory one may
be obtained.
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Bouisson’s method consisted in blowing air on to the snr-
face of a wound by means of a caoutchouc bag. He generally
directed the patient to do this himself. The ¢ ventilation
lasted a variable length of time, according to the extent of the
surface and the quantity of fluid. A quarter of an hour
generally sufficed for each séance, and this was repeated four or
five times a day. The first crust which formed was rarvely
sufficiently thick or firm, but by-and-by the crust became of
sufficient thickness, and when this was obtained, the ventilation
was stopped. If the crust seemed to be confining the discharge
and doing harm, it was softened and removed, and the process

begun again.

The most common modes are by the application of various
powders, such as starch, alum, flour, &e., to the discharge, so as
to form a paste. One of the best substances which can he
employed in this manner is powdered salicylic acid, as recom-
mended by Neudirfer, and mentioned before under ¢ Treatment
by Antiseptics.’

Neudorfer uses salicylic acid in the form of a powder mixed
with other substances, such as starch, zinc exide, &e. He dusts
the wound with the powder, and rubs it up with the fluids of
the wound. Thus a mass is formed, which is again rubbed up
with fresh powder till no more fluid comes; then over the
whole some pure salicylic acid is applied, and a bandage.
This erust is left on, and if on pressure on it some fluid exndes,
more powder is applied. This is generally necessary five or six
times during the progress of a case. This method is really only
of use in small wounds. The objections to its use in large
wounds are that the pain is great, the material expensive
and there is very apt to be confinement of discharge. Neu-
dorfer states that there is no bad smell in the cases treated in
this way. Among them he has had no bad case of pywmia,
hospital gangrene or tetanus. He cannot say much about
erysipelas. As a rule, in the cases which were attacked, it was
generally some other part of the body which was affected.

Other attempts have been made to produce a seab by the
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application of various caustic substances to the surface of the
wound. The erust so formed, containing as it does a strong
caustic, is unable to undergo putrefaction ; and where the inflam-
mation caused by the application is not teo great, and does not
lead to accumulation of fluid under the crust, an excellent result
is obtained. In this case, as no organisms are present under
the erust (they were destroyed by the caustic), and as the firmly
adhering crust prevents their entrance, we have the typical
aseptic result—healing of an open wound without suppuration or
granulation. There are, however, various objections to this
method of crust formation, the chief of which is the loss of
substance involved in the process, while the same disadvantages
are present as in the open method proper, viz., slowness of
healing and a large scar.

Closely allied to this method of crust formation is that in
which the crust is obtained by the application of the actual
cautery.

Crust formation is seldom suitable unless in the case of
superficial wounds without recesses or cavities, for if these are
present an opportunity is given for the occurrence of tension
under the crust. It is a method by no means easy or universal
mn 1ts application. Where 1t 1s employed I should recommend
the use of Neudirfer’s method, viz., the formation of a crust by
the aid of salicylic acid powder.

Alphonse Guévin’s Cotton-wool treatment acts partly on
the first part of the principle of the open method, but it hardly
comes into the category of antiseptic methods.

As originally used, the wound was simply washed with water,
and a large mass of cotton wool applied around it, and firmly
bandaged on.

At present the wound is washed with some antiseptic lotion,
and layers of cotton-wool, containing camphor powder sprinkled
in it, are applied. The deeper layer is of wool moistened in
carbolic lotion. The dressing should not be applied or changed
in the ward, but in a theatre or side room, and the packet of
cotton-wool should not be opened till the time of application
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of the dressing. No doubt these precautions may prevent
some infective material present in the ward atmosphere from
settling on the wound or on the cotton-wool, but it is only a
chance that such will be the case.

This method can bardly be called ‘antiseptic’ in the sense
in which we have used the word, for the anti-putrescent princi-
ples on which it aets are not very powerful. As the result of
these dressings, the discharge becomes thick and concentrated,
and not a very good medium for development of organisms.
Nevertheless, this cuncentration of the discharge cannot oceur
to anything like ‘the extent which takes place when it is left
freely exposed to the air. The second principle on which it
acts i1s that it insures absolute rest to the wound. By means
of this rest the granulations are not lacerated, and bacteria and
their products may thus he prevented from entering the body.

Guérin’s method ecannot be recommended except in some
exceptional cases of disease of joints with sinuses, and even
here the retention of the putrefying discharges, and the conse-
quent irritation, render it of very doubtful value,

I have already described the aseptic applications of pure
cotton wool at p. 121. '

V. —Assist the destroying Action of the healthy living Tissues
on Bacteria.

This principle may be aided in two ways, viz., by perfect
mechanical rest, and by attention to the general health.

By perfect mechanical rest, when the tissues are in perfect
health, and the blood-clot is undisturbed, the tissues and clot
may be kept in such a state as to resist the development of
organisms. This method, though without recognition of the
antiseptic principle, has been long practised, and of late has been
specially advocated by Mr. Sampson Gamgee.!

It is, of course, a well-known fact that, without any antiseptic
appliances at all, wounds, more especially about the face, heal

Y On the Treatment of Wounds, 1878,
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frequently by first intention. How can this take place if blood
or lymph, exposed to the air, putrefies as the result of the
access of organisms ? For, during the operation, organisms
enter the wound both as dust from the air and surround-
ing objects, and also from the water in which the sponges are
soaked. There is also between the cut surfaces a layer of blood
or lymph (which, however, must as a rule be very small in
amount, otherwise healing by first intention does not oceur)
which, if it were exposed between two plates of glass, would
probably putrefy in a short time. How is it that union by first
intention can oceur under these circumstances? How is it that
tlie blood does not putrety between the cut surfaces of a wound ?

Well, to use Sir Joseph Lister’s forcible arguments, the fact is
that a thin layer of blood, although containing numerous causes
of putrefaction, does notas a rule putrefy if it be placed between
two healthy living cut surfaces. Or, to state the fact in an-
other way, these organisms, which are certainly present, cannot
develop in a thin layer of blood or lymph placed between two
healthy living freshly cut surfaces. Or, to state the same fact
differently (taking into consideration the different results when
the same layer of blood or lymph is placed between two plates
of glass), the living tissues, when in o healthy state, have the
power of preventing the development of organisms in their
immediate vieinity.

That healthy blood-clot can resist putrefaction so long as it
is kept at rest explains many remarkable cases which would
otherwise seem at first sight at variance with antiseptic princi-
ples. The following case, showing the contrast between Plood-
clot when kept at rest and when disturbed, is worth nar-
rating.'

‘On September 15, 1870, a'young officer whose ieft upper
arm had been broken about its middle by a Chassepot bullet at
Noisseville seventeen days previously, arrived with an ambu-
larce train at the Tempelhof military hospital.

! Esmarch, Langenbeck’s dvehiv, vol. xx, p. 169.
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‘The plaster of Paris apparatus, which had been applied at
onceon the battle-field, had become soft and broken, and as the
patient complained of pain in the arm, probably as the result
of the journey, and as it was somewhat swollen, the apparatus
was removed, and a careful examination was made of the
wound. When I passed my finger into the wound after re-
moval of the crust, I felt numerous fragments of bone, but was,
however, astonished to find no trace of pus, only coagulated
blood.

“ After I had removed all the fragments, a plaster apparatus
with a window in it was applied ; nevertheless, there now re-
sulted a wviolent inflammation and suppuration of the wound,
which for a time threatened the young man’s life.’

These views sufliciently reconcile the fact of union by first
intention in cases not treated aseptically with the germ theory
of putrefaction.

Now in order to have tissues in the state in which they are
capable of resisting the development of bacteria in their imme-
diate vicinity, they must be as much as possible in a condition
of perfect health. To attain this, the health of the patient
must be attended to and kept good, and all causes whick irritate
and caunse the wounded part to inflame or become weaker must
be avoided. The causes which weaken the part are various
forms of unrest, mechanical or chemieal.

To carry out this principle two things are required, viz.,
accurate approximation of the cut surfaces, and absolute immo-
bilisation of the part. Where aceurate approximation of the
cut surfaces cannot be obtained, the same principle of absolute
rest must be carried out as regards the clot filling up the gap,
and it may thus resist the development of bacteria in its sub-
stance. Were I compelled to treat any case on this principle
alone, I should combine with it the open method, leaving the
wound freely exposed to the air. The superficial layer of the
clot, by drying up, would thus to some extent form an obstacle
to the entrance of organisms,

I have mentionad this as an antiseptic method, as the
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principle is of great importance in explaining certain otherwise
puzzling cases, but I should not recommend it for adoption, for
it is only in a few cases, such as in face wounds, where the
vitality of the part is high, that this vital action of the tissues
and blood-clot can be sufficiently trusted.

Such are the chief principles on which antiseptic surgery
can be carried out. In the classof antiseptic methods to which
I have referred in this chapter, the surgeon does not adhere
strictly to one or other principle, partly because the principles
on which he acts have not as yet been properly understood or
appreciated, and partly because better results can be obtained
by their combination.

In many minor ways the antiseptic principle may be aided.
Thus by the use of catgut ligatures, we do not have a long
septic thread hanging out of the wound, conducting putre-
faction into its interior and leading to deep-seated suppu-
rations, &e.

The silver suture acts in the same way as compared with
the silk. Silver does not absorb the putrescible materials, and
thus putrefaction does not occur in it. On the contrary, silk
absorbs blood and serum, which putrefy in it, and the silk,
which was at first unirritating, becomes very acrid and causes
inflammation in its vicinity.

‘What are the various means by which the general health
and tone are kept up in septic cases, what is the eareiul selec-
tion of healthy individuals for operation, but imperfeet attempts
at antiseptic surgery ?

‘What is ventilation but an antiseptic means? Theair being
constantly changed, the foul emanations from wounds contain-
ing septic bacteria are diluted and swept away, while at the
same time a better state of health is obtained.

And so I might go on enumerating various minute points
which have been, in ignorance of their true significance, adopted
in the treatment of wounds, all of which act, more or less, on
and promote antiseptic principles.
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Becker on bacteria, 20

Bergmmm 3 (:xperm]en'fs on bacteria,
15

Bichloride of mercury, 29, 119

— — — Bruns, Von, on, 119

—— =L l'-ltu, Sir I on, 120

— — — Schede’s re wu]tl}, I 19

Blood-clot at rest and disturbed, con-
trasted, 143

—- healmg by organisation of, 4, 5

Bone, death of, 8

= {IEE'.B.]EII!E{] tulu_s, 116

Buracie acid lint, 44

— — lotion, 44

— — ointment, 44

— lint dressings, changing of, 75

— — — use of, 75

— — wet in place of poultice, 76

— ointment as a dressing, 75

Bouisson’s method of crust formation,
159

Bright’s disease, operating in, 16

Blluiub, Von, on bichloride of mercury,

Y

Burns, aseptic treatment of, 100

Burow’s open method, 137

Button stitehes, 65

Buttons, lead, for deep stitching, 6o

CariLLArITY, drainage by, 60

Carbolie acid, Lﬁnmlr(, on use of, 129

— oily ::l_lll[l ions of, 37

— — poisoning, 126

— — solution of, in glycerine, 38

— — substitutes for, 112-129

— — undiluted, 37

— — use in treatment by antiseplics,
125-125

— — watery solutions of, 57

Carbolised catgut, 40

— gauze, 43

— silk, 41

— wool, 45

Catgut, carbolised, 40

— — chromie (Lister’s), 40

— chromic (MacEwen's), 64

— drainage by, 60

— I.mterxpm,]wt holder, 41, 42

— trough for, 41

— use as a ligature, 40, 55

Chassaignac’s Llhllt]‘l;*ﬂ tubes, 56

Chiene on eatgut drains, 60

— — retropharyngzeal abscess, 92
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Chiene on situation of opening in psoas
abseess, 85

Chloride of zine, solution of, 45-126

Chlorinated soda, 127

Comparison of course of simple and
compound fractures, 8

Compound fracture, aseptie treat-
ment of, 97

— — course of, 8

Conservative surgery, bearing of

aseptic treatment on, 109

Contused wounds, aseptic treatment
of, 96

Cost of aseptic treatment, 103, 106

Cotton wool, A, Guérin’s dressing,
140-141

. — — aseptic use of, 121-124

— — carbolised, 45

Country practice, aseptic treatment in,
105-106

— — muode of dressing in, 103-106

Cream, salicylie acid, 44

Crust, Bouisson on, 159

— formation of, 2-7, 138-140

— healing by, 2

— Neudirfer on, 159

— treatment by, 138-140

Daxcirs following wounds, 8

Decaleified bone tubes, G4

Definition of aseptic surgery, 30

Degeneration, waxy, 9

Disinfectants, 25

— acetate of alnmina, 116

— aleohol, 127

— bichloride of mercury, 29, 118,
119

— boracie acid, 126

— carholates, 27

— carbolie ucid 25, 28, 112-12‘}

— — oil, 28

= chlnrmatﬁ{l soda, 127

— encalyptus oil, 117

— iodoform, 120

— Koch's experiments on, 25

— Lister, Sir J., on, 118

— naphthalin, 120

— Nendirfer’s salicylic powder, 120

— salieylic acid, 112

— — powder, 129

— sanitas, 129

— Schulze on, 117

— sulphurous acid, 127

— terebene, 129

— thymol, 116

— varicng, 80

147

EMP

Dissection wound, aseptic treatment
of, 102

Drain, eatgut, 60, 63

— horsehair, 63

— — re-introduction of, G3

Drainage as an antiseptic method,
ab

— aseptie, of abscess, 93

— by capillarity, G0

— — catgut, 60, 63

— — Chassaignac’s tubes, 56

— — decaleified bone tubes, G4

— — horsehair, 63

— — india-rubber tubes, 56

— Chiene’s method of, 60

— importance of, 56

— of aseptic wounds, 56

— tubes, absorbable, 60-62, 65

— — pogition of, in aseptic wounds,
D7-09

— — use of, 56

Drains absorbable, 60-62, 65

Dressing, aseptie, axillary, 78-82

— boracie, 44, 75-76

— breast (three methods), 78-82

— changing of, 71-73

— deep, 68

— errors in use of protective, 67-G8

— excision of joints, 39

— fixing of, 70-71

— general gauze, 43, 47, 69

— Toose fauze in, 4!» l.* G4

— lumbar leﬂE‘-‘iﬂ 83

— method of chan:‘»’mg, 72-73

— neck, 78

— of hernia, 86

— of hip-jeint abscess, 86

— of limbs, 83

— ovariotomy, 91

— psoas abscess, 33

— sealp, 77

— serotum, 86

— time of changing, 71-72

— use of pins in, 47, 70-71

— — of protective in, 67

— — of wet gauze in, 47, 68-69

— water, 8, 100

Dressings, aseptie, in country practice
105=106

— — permanent (Nenber's), 116

— — use of sponges in, 45-44

— — with salieylic acid, 44, 113

Erasrtic bandage, 71
Empyema, 94
— aseptic treatment of, 34
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ERR

Errors in aseptic operations, how
avoided, 49

Erysipelas, 9

— micro-organisms of, 20

Esmarch’s arrangement for irrigation,
151

Eucalr% us gauze, 118

— oil, Bucholtz on, 117

— — Schulz on, 117

— — Siegen on, 117

— ointment, 118

— — in burns, 118

Example of aseptic operation, 49

Excision of joints, aseptic dressing
of, 39

E:{pfe;rimants on disinfectants, 25

FEEMENTATION, cause of, 6, 33, 34
— chemical, 6

— in wounds, 33

— Pasteur on, 136

Fever, hectie, ‘]

— traumatic, 9

First intention, healing by, 2
Fischer on nﬁphth ling 120
Forceps, sinus, 59
Fractures, ﬂmnpmm[l 8, 97
— simple, 8

Free drainage, 85

(GANGRENE, acute spreading, 22

— aseptic treatment of, 101

— Koch’s experiments, 22

— pathology of, 22

— senile, 101

— traumatic, 9

— treatment of, 101

Gauze, carbolic, bandage, 43, 67

— — —usein deep dre:-smg, 69

— — general dressing, 43, 47, 69

— — loose, 43, 47, 69

— dressing, how to make a, 69

— eucalyptus, 118

— sublimate, 119

— thymol, 116

Granulation, healing by, 3

(Granulations, healing by union of, 5

Guard, use of, in aseptic operations,
GRS

Guérin, Alphonse, on cotton wool,
140, 141

Gunshet wounds, aseptic treatment
of, 106-111

Guyot, results of his incubation
method, 155

LIB

Hack, Dr., on absorption from
wonnds, 127

Hands, purification of, 48

Healing by first intention, 2

— — granulation, 5

— — organisation of blood-clot, 4

— — scabbing, 2, 138-140

— — union of granulations, 4

Hernia, aseptic dressing of, 86

Hip joint, aseptic clremug' of abscess
of, 86

Horschair drainsg, 63

— — re-introduction of, 63

Hutchinson on method of treating
wounds, 127

IMMERSION, treatment by, 150-135

India-rubber drains, 56

Inflammation, absence of, in aseptic
wounds, 28

— bacteria and, 16

Injuries, repair of, 1-8

Instruments, purification of, 49

Intestines, wounds of, aseptic treat-
ment of, 98

Intoxication, septic, 9, 15

Iodoform, 45, 120

Iron, perchloride of, as a disinfectant
132

Irrigation and immersion, 130

— as an antiseptie, 130

— Esmarch’s arrangement for, 131

— Langenbeck and Valette's methods
of, 132

— treatment by, 35

Irrigator, Tluers.ch’ﬂ 131

Joixts, excision of, 39
— wounds of, treatment of, 97
Jute, salicylic acid, 114

KocH on bacteria, 25

— — gangrene, 22

— — traumatic infecti ve diseases, 18,
21, 23

LicATUurE of vessels with catgut, 40,
el

Limbs, aseptic dressing of, 83

Lint, boracie, 44

Lister, Sir J., on aseptic treatment in
war, 106

— _g — — use of corrosive sublimate,
11
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Lister, Sir J,, on eotton wool, 121

— — — — destruction of bacteria by
healthy tissues, 142

— — — euncalyptus oil, 113

Lotion, boracie, 44

— earbolie, 37

Lumbar abscess, aseptic dressing of, 86

MAAs on acetate of alumina, 116
Mi&ngen'sabmrbnhie drainage tubes,
b
Mackintosh, use of, in gauze dressing.
43
M;lanmzu, dressings after operations on,
_S .
Meihaninnl exclusion of duost, 121,
124
Melladew on aseptic treatment in
war, 111
Micrococei, See Bacteria, 11
Microeoccus prodigiosus, 25
MuFaLeﬂ, wounds of, aseptic treatment
of, 97

N.x:vr, treatment of, 102

Naphthalin, 120

Necrosis, 9

Nerves, wounds of, aseptic treatment
of, 97

H'?..'ff}er’“ absorbable drainage tubes,
]

GBJ“ECTIG}TS to aseptic treatment,

103

Oiled silk, 42

Ointment, boracie, 44

— eucalyptus, 76

— salieylic, 43, 75

Open method of treatment, 35, 135

Operation, aseptic, duties of dresser
in, 30

— example of, 46

— — — illustrated, 50

— ligature of vessels, 55

— probable errors in, 49

— spray in, 30

— towels in, 52

— use of guard in, 54

Organisation in blood-clot, 5

— of dead tissue, Tillmanns on, 4

Osteomyelitis, 9

Ovariotomy, aseptic dressing of, 91

Oxygen and bacteria, 12, 14, 135

— — — Pasteur on, 136, 137

BAL

PasteEvr on fermentation, 136

— — organisms, 122, 136, 137

Pathology of gangrene, 22

Perineum, aseptic treatment of ab-
scess of, 94

Periostitis, cause of, 9

Phagedena, 9

Pigment formed by bacteria, 14

I’i':_li;, use of, in gauze dressing, 47, 70,
]

— — — precautions in, 70, 71

Poisoning with carbolic acid, 126

Precautions in operations, 49-51

— spray least necessary of, 53

Principles of aseptic surgery, 56

Probable errors in aseptic operation,
49

Processes of repair of injuries, 1-8

Protective, errors in uze of, G7-68

— preparation of, 47

— use in aseptie dressing, 47, 67

Psoas abscess, aseptic course of, 91-94

— — dressing of, 83-6

— — situation of incision, 83-85, 12

Purification of hands, 48

— — instruments, 49

— — recent wounds, 95-96, 105

— — szeptic wounds, 74, 75, 95-96, 103

— — =kin, 46, 48

Putrefaction, dangers of, 8

— theories of, See Fermentation, 6,
33, 54, 156

Putrefactive fermentation, 33, 136-137

Putrid wounds, 99

Pym®mia, relations to fermentations in
wounds, 9, 23

RANKE on thymol, 116

Rest as an antiseptie, 35, 141, 144

— fundamental principle of wound
treatment, 141-144

Results of A, Guérin's dressing, 141

— — antiseptic surgery, 28, 109-111

— — aseptic treatment, 28, 91, 109-111

— — irrigation, 132-135

— — ocelusion, 107-110

— — open method, 136-138

— — water bath, 132-135

Retropharyngeal abscess, 92

Eevher on aseptic treatment in
war, 109

Rose’s open method, 137

SALICYLIC acid, aseptic use of, 112
— — cream, 44
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SAL

Salieylie acid, dressings with, 111,
112-116

— — jute, 103, 113

— — lotion, 112

— — ointment, preparation of, 45

— — — uses= of, 44

— — wouol, 113

Sanitas, 129

Seabbing, healing by, 2, 138-140

Sealp, aseptic dressing of, 77

Schede on iodoform, 121

— on bichloride of mereury, 119

Sehulz on euealyptus oil, 117

Serotum, aseptic dressing of wounds
of, 86

Sepsin, 15

Septic intoxication, 9

— — caunses of, 15

— treatment, results of, 15

— wounds, purification of, 74, 75, 95-
96, 103

Septicaemia, 9

Silk, earbolised, preparation of, 60

Silver wire '-'itlttht'? Gl

Sinus forceps, 59

— putrid, treatment of, 99

Skin, purification of, 46, 48

Skull, compound fractures of, aseptic
treatment of, 97

Sloughing, 9

Soda, chlorinated, as an antiseptic,
127

Spinal abscess, 94

— — recumbent position in, 94

Spirilla. See Bacteria

Spirochete, See Bacteria

Sponges, purification and preservation
of, 44

— use of, in dressings, 71

Spontaneous gzeneration, no experi-
mental fact known in favour of, 15

Spoons, Volkmann's sharp, 99

mpores, carbolie acid and, 25

— experiments on, 26

— formation of, 12

Spray, carbolic acid, as germicide, 28

i , DO

— how to dispense with, 108-106

— one of the least necessarv pre-
cautions, 53

— producers, hand, 88

— — steam, 39-40

— use of, 88, 53, 73

Stitches, lmttt}n, 65

— of cuuptwtmu G

— of relaxation, GG

— removal of, 67

VES

Stitching of aseptic wounds, 6

Strapping of aseptic wounds, i‘.-

Streptococei, 22

Subecutaneous surgery, 124

Substitutes for earbolic acid, 112-129

Sulphurous acid as an antiseptic, 127

Suppuration, causes of, 17

— not always due to micro-organisms,
16

Surgery, aseptic, definition of, 36

— — materials employed in, 36

— — prineiples of, 36-87

Sutures, 65

TEMPERATURE necessary fo destroy
bacteria, 52

Tendons, wounds of, 97

Thiersch on salicylic acid dressings,
112

— —irrigator, 131

Thorax, wounds of, 98

Thunnl. aseptic use of, 116

Tillmanns on organisation of dead
tissue, 4

Tissue, healthy. resists bacteria. 141-
144

Towel, ecarbolised use of, in aseptic
operationg, H2

Traumatic gangrene, 9

— fever, 9

— infective diseases, 18, 21, 23

Treatment, antiseptie, explained, 35

— aseptic, 46

— by perfect rest, 35, 141, 144

— Listerian, 35

— of abscesses, T8, 83, 86

— of accidental wounds, 95

— of gangrene, 101

— of nevi, 102

— of putrid sinuses, 99

— of uleers, 74

— of varicose veins, 102

— open method of, 55, 135

Urcer, purification of, 74

— treatment of, with boracic acid,
T4=75

Union of granulations, healing by, 4

VENTILATION as an antiseptic means,
145 :

— of wounds, 139

Vessels, method of tying, in dense
tissunes, 55
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VEZ
Velz?il; and Bartscher’'s open method,
Yolkmann's sharp spoons, 99

WaRr, aseptic treatment in, 106-111

Water dressing. See Dressing

Waxy degeneration, 9

Wool, cotton, aseptic use of, 120-
124 -

— Guérin's, 140=141

— salieylic acid, 113

Wounds, accidental, aseptic treatment
of, 95

— antiseptics in, 16

— aseptic treatment of. See Aseptic

— bacteria in, 10-24

— causes of irritation in, 6, 16

— contused, 96

— course of, outline of, 1-8

— dangers following, 8

— dissection, aseptic treatment of,
102

— drainage of, 56

— fermentation in, 53

— Gamgee, Mr. 5., on treatment of,
142

THE
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Wounds, gunshot, aseptic treatment of,
106-111

— how to keep aseptic, 36

— mechanical exclusion of air from,
120-124

— micro-organisms in, 10-24

— of abdomen, aseptic treatment of, Y8

— of intestines, aseptic treatment of, 98

— of joints, aseptic treatment of, 97

— of muscles, aseptic treatment of, 97

— of naevi, aseptic treatment of, 97

— of parietal pleura, aseptie treatment
of, 98

— of skull, aseptic treatment of, 97

— of tendons, aseptic treatiment of, 99

— of thorax, aseptic treatment of, 98

— processes of healing of, 1-8

— purification of, 74, 75, 95, 96, 102,
105

— putrid, 99

— stitching of, 63, 96

— strapping (aseptic) of, 67

Zixe, chloride of, 45
sulphocarbolate of, 27
Zooglea. See Bacteria, 12

ENT.

PRINTED BY

SPOTTIZSWOODDE AXD 0., SEW-STREET sQUARE
AND PARLIAMESXNT STREET


















