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PREFACE.

Tue interest which Antiseptic Surgery has awakened
throughout the profession has led tomany public debates
and to the accumulation of a great mass of literature on
the subject. The time seems now to have come for a
detailed account and discussion of the whole matter, and

it is with the view of furnishing, such an.account that

the present volume has been published.  The question

might have been dealt with in two ways ; either by the
digeussion of the present standpoint of the pringiples and
practice of Antiseptic Surgery, with but little reference
to former literature ; or, as I have attempted to do, by
tracing in addition the development of its theory and
practice, and following out and eriticising the various
steps by which the present state of knowledge on the
stbject has been reached. The former mode might no
doubt have produced a shorter work,but it could not have
been made complete in the present transitory state of our
knowledge, and, taken alone, it would have necessarily
raised side issues confusing to readers unacquainted with
the earlier literature. I have therefore, in addition to
the discussion of the present state of knowledge on the
subject, tried to trace out its development, and 1 have
done this the more readily because it seems to'me that
when an attempt is made, almost for the first time, to
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discuss fully a new department of science, the work of
those who have chiefly helped by experiment or eriticisin
to build it up should be. acknowledged and 1)1'01\('1'1_\'
estimated. Such a way of treating the subject will
perhaps algo supply a want to those who have not the
time nor the nppormn_ity of searching out the literature
for themselves. Among other facts which have been
brought forward here [ may draw special attention to the
following, which [ think have been now made certain :—
Fermentations 1) wounds  occur \as the result of the

entrance of p;u‘tides——n1ic1'u-m_';_»m'1isnls—ﬁ'mH without 3

a variety of methods of treatment may be gmuped under
the heading Antiseptic treatment | ; lives are saved in
proportion to the asepticity of the wound, and, when
the wound is kept asepftic, infective diseases more
especially are avolded : the aseptic or [isterian method
1,)1'L-\'u:11t:s'r,l'm development of micro-organisms and the
oceurrence of formentation in wounds.

Portions of this work have been ]n'e\’imlsly publishod.
Some investigations on micro-organisms in wounds and
on temperature after operations formed part of my essay
which gained the Syme Surgical Fellowship of the
University of l‘)dinhm'gh‘in 1877.. 1 have since that
time repeated and extended these investigations. In
the essay to which was awarded the Boylston Medical
Prize and the Boylston Gold Medal! of the Harvard

I By an order adopted din 1526 the Seeretary of the Boylston Prize
Committee was divected to publish annually the following yotes:—

1st. That “the Board do mot consider themselyes as approving the
doctrines contained in any of the dissertations to which premiums may be
adjudged.

ond. That in case of ]mhlivu‘vinn of a successful dissertation, the author

heeonsidered hound 6 print the above vote in connection therewith.

PREFACE.

) X1
University, United States, in 1880, I discussed the various
methods of Antiseptic Surgery and the best modes (»-f'
applying them to practice. - And, in 1881, the council
of the College of Surgeons of England awarded me the

Jacksonian prize for a discussion of the history, prin-

ciples, practice, and results of Antiseptic Surgery. This
work is the outcome and (1@\'0101)111@’( of these essays.
The drawings in this book (both the woodcuts and
the plates) have been made by Mr. Edgar Thurston
to whom I am much indebted for the f_rro‘:ivt pains \\'hi(‘]rl
he has bestowed in their preparation. " Mr. Groves :1150
kindly took some photographs, from which certain of
the woodeuts have been drawn. Dr. Heron has ren-
dered me great assistance in revising the proof-sheets
and in preparing the Index.
In dedicating this work to Mr. Lister
attempted

I have

to acknowledge my great indebtedness
to him.

. , W. WATSON CHEYNE
G Onp UAvVENDISEH ST., W. g i
October 1881,
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ANTISEPTIC SURGERY.

CHAPTER 1.

THE PARTICULATE THEORY OF FERMENTATION.
ON THE FERMENTATION OF BOILED SUBSTANCES.

Definition of putrefaction and fermentation—Chemical fermentations—Living
fermeénts—Various views on fermentation— Lavoisier— Fabroni—Thenard
Appert— Gay-Lussac’s experiments and conelusions —Caignard-Latour—
Schwann, heated air inert—8Sehulze—Ure and Helmholtz, nascent oxygen
inert—Liebig’s views—Review of the subject—Schroeder and Dusch,
filtered air inert—~Schroeder, ozone inert—Schroeder’s final views— Pas-
tenr’s researches—Lister—Roberts—Tyndall—My own results, carbolised
air inert—Conclusions as to the cause of the fermentation of boiled sub-
stances.

TuE term ‘septic’ so much used in surgery at the present day
ig derived from the Greek word onmricos, which means some-
thing that causes putrefaction, the verb ome si

gnifying to
caruse to rot, to make putrid.  An ¢antiseptic® is

therefore,
according to this derivation, something which acts against the
causes of putrefaction, and ©Antiseptic Surgery’ is surgery
directed not against its effects but against its cawses. In deal-
ing, then, with the subject of antiseptic surgery, we must first
enquire what is putrefaction, and how is it brought about ?

Putrefaction is now held to be a form of fermentation ac-
companied by the development of offensive odours, and fermen-
fation may be defined as “a new arrangement. of the elements of
an organic compound (often with the assimilation of the ele-
ments of water), and the consequent formation of new products.’
( l"n\\‘l‘n’s.\)

Changes coming under the above definition of fermentation

B
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Changes coming under the above definition of fermentation

B




9 THE PARTICULATE THEO RY OF FERMENTATION.

have been long known as the result (;»f what is termed ('.n\lyl\h
Of this perhaps the best c.\':unlflu‘ is ﬂ'w Ch,;lflg“.C.ﬂL{itt‘;t;\li
Amygdalin by the action on it, of l‘;lllll]h’l}'l. As a 71vu.~u 'o : 1,}
(:(_m‘t;‘wr of these two bodies in presence u? \\‘ul"cr, the ‘”“._‘.‘o't““' 1‘11
is-broken up, into. various products, of \\'1’1{(_‘1‘1 Hw\ -r:lm:fl'..x’m
hydroeyanie acid and oil.of bitter ul!nrmds. This (l«'_-cuu?l)oslt.'l-(tn}]
of amygdalin is, however, not. effected by (7‘1“"]“”).a_t‘w’_b ‘“l.l \‘
emulsin, for the latter rémains un(:lun'ngefl, ;.'llllm'nj_{h its plca‘ulgc.
is necessary for the chemical action. ﬁun.ll;‘u' facts :“)‘C,k]I’lO“ 1{1.
with regard to the Pepsin of the gn‘sl ric juice, the .] ?Ja. m__ ";g
saliva, the pancreatic ferment, &e.  But ;1llhoL~1gh H.Hl:?.\e el fln.«.n.] :
undergo little or no change, yet 1.«1\‘(.141‘1(%1(-..\:.\- it has 7(‘(111( Lt-(.l] y
];\'m'(-(‘l that they have not the power of R(T-]f-11111]F11)-1L.f.1.(:)111.,
Hence these ferments generally receive the name of * chemica
srments

f"“{‘f\‘:l‘:;‘ is, however, another class of ferments whieh pnsse:s
this power of self-multiplication in, a ronmﬂ\n]?h.. (,l(j.glj_f : { n
instance of this may be given 1n the nlx'*n\'mllc ft‘llnt'll['d) ‘um.
Here a minute piece of yeast, is iutrndllm-(l mto. gmp? _11}1)@(:, o
into'a sugary solution, and as.a 1'(:':\'1111“ fermentation .S“fm ‘adn ']].]:
and goes on slowly till the .\ngm-1.<<l(_ar_-mu})osul. .l-l \{H.(({]]PTJ]:{;
this process with the former we see’ two markec p(,?.nua fl
difference ; in the firsb place, in the former the chfmgc is 111)1(
and more or less instantaneous; in the laH(.!r 1t. 1)1'f)g?l?7§€‘b
slowly and steadily, and requires nn}ch 11.\01'(," time 101" ].fh L“()T]H-‘
plcti(hm. In the former there is no increase in quantity <)fv1t 1€
ferment ; in the latter the increase 1s very I.n;n‘kud, zmd. W ‘w,].l
the fermentation- has gone. on for some time the mmnthatl.
portion of the fermenting substance z\(‘ltlc(.l to }nﬁm’mc?nte('
material of like composition ]n'm‘lu(-t-s in it a mn‘n»\nrfo.nf%.s
of changes; and this multiplication uf. the ﬁ.:rmemj. gnc;.j.{?
cmxtiuu;msly whenever it is 1):'(111}_{11%‘. in contact with fresh
material." /As thisipower of multiplication isa 1'»1‘01’)(31'!.)‘ of ll.‘imé;
things, the term ¢yital’ is usually applied to this class o
¥ “E:l'l».u'ﬂ point the ¢ chemical ’ f«*rmvnf" is allied to Hu’-&{»\']ffl‘ll’
ferment. It isnot a substance as yet 'ft”ll.'ﬂ"l('(l .])_\‘ the (\ lxr:'nslls. t
It is the product of living cells; and it is quite possible thab

the yeast plant may act in the same way as the salivary or

THE FERMENTATION OF BOILED SUBSTANCES.

peptic cells, viz. by excreting a ferment which produces the
change in the fermentescible substance, this ferment in neither
case possessing the power of self-multiplication. Inthe case of
the salivary ferment the cells which produce it are an integral
part of a complex organism, and cannot live apart from the body ;
hence the ptyalin, introduced into starch, does not increase in
amount. On the other hand, the yeast plant is an independent
cell, and grows free in the fermenting fluid, and it is to the
growth and multiplication of these living cells, and not to an
inerease in quantity of the chemical ferment as such, that the
multiplication of the fermenting power is due.

In the putrefaction of discharges in wounds we have to deal
with a ferment belonging to the same elass as the aleoholic fer-
ments—with a ferment capable of multiplication, which acts
slowly and steadily, not suddenly. We must therefore enquire
a little more fully into the nature of this class of ferments, into
their origin and history, in order to obtain some principles to
guide us in attempting to prevent their action.

In reviewing the history of this subject, the first research of
any consequence which it is necessary for us to consider is that
of Gay-Lussac.! Previous to the publication of this paper at-
tempts had been made by Lavoisier, Fabroni, and Thenard
to give some explanation of the process of fermentation.

Lavoisier’s work was in the main carried out with the view
of ascertaining the changes which a fermenting liquid under-
goes.* He did not attempt to assign a definite cause for the
PrOCess.

Fabroni,® writing on the subject of the alecoholic fermentation,
concluded that fermentation was a decomposition of ¢ne sub-
stance by another, ¢ just as a carbonate is decomposed by an
acid, or sugar by nitric acid. The substance which decomposes
sugar is a vegeto-animal substance.

It is contained in certain
utricles in the grape.

When the grape is crushed this material,
which is of the nature of gluten, mixes with the sugar in the
Juice, and as soon as thege two substances come into contact,

effervescence or fermentation commences just as occursin every

Y Annales de Chimvie, Ixxvi, 1810,

2 Fléments de Chimie, 1. 2nd ed.
3 Annales de Chimie, xxxi. 1799.
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THE PARTICULATE THEORY OF FERMENTATION.

other chemical process, as, for instance, when an acid and a
carbonate are mixed in the same vessel.’

Some years later, but ignorant of Tabroni’s views,
Thenard published 2 research on alcoholic fermentation,' in
which he showed that gluten had no power whatever of causing
the fermentation of sugat. He observed that during the pro-
cess of fermentation, a deposit oceurred which had the power
of inducing a similar change in.a fresh saccharine liquid. This
substance was apparently the same in a great variety of liguids
of different chemical composition, and it presented characters
similar to those of yeast. Thenard states that he was unable
to determine whether this substanee was formed in the course
of the fermentation, or whether it was in solution at the com-
mencement and became deposited. as a result of the changes
which oceurred. He, however, inclines towards the latter
view.

Gay-Lussac was led to make his investigations by studying
the procedure of M. Appert for preserving vegetable and animal
substances.? Appert’s method consisted in placing the materials
to be preserved in bottles, very closely corked. These bottles
were exposed to the temperature of boiling water for a longer
or shorterperiod of time. They were then packed up and kept
for use: There can be no doubt as to the efficiency of this
method, for in Appert’s work certificates are furnished by
several scientific commissions, containing such names as Gay-
Tussae, Bordel, &e.

Gay-Lussac noticed that, though the substances 50 prepared
conld be preserved unaltered for an indefinite period s0 long
as the vessels were kept thoroughly closed, yet, as soon  as
the vessels were opened, and more especially if the substances
were decanted into other vessels, their contents underwent
fermentative changes.

To aseertain why thigoccurred, he took a flask of grape-juice
which had been preserved fora year analtered, and which wasac
cordingly quite limpid. Having opened the flask he poured its
contents into another vessel, which he closed very accurately
and kept at the temperature of 15° to 30° C. Eight days later

v Annales de Chimie, XIvi. 1803,
2 The At of Preserving Animal and Vegetable Substances.

GAV-LUSSAC'S EXPERIMENTS. 5

(o]

the juice had lost its transparency, fermentation had become
established, and it soon became an aleoholic fluid. A svcond
vessel ‘containing grape-juice, prepaved by Appert’s n'mﬁmd
was kept ab the same temperature and in the same place l)ut’,
unopened. This remained pure. This latter flask, the nez.k of
which had been drawn out and sealed, was now taken zmrd
a deep notech having been made with a file, its nocl; was
plunged into mercury and then broken off. A portion of
the contents was then introduced into a bell-jar containing no
oxygen, and a second portion into one cuntnin.inq a small q:;m-
tity of that gas. The first remained without chhnn«,:c for forty
days, while the second underwent fermentation \(n *upi;l]\:.
In the latter flask all the oxygen had disappeared, but much
more carbonie acid in proportion had been produced. Gay-
]‘“'TS".K: therefore concluded that, although oxygen is necessary
ff’ initiate the fermentation, yet it is not essential for its con-
tinnance. The same results were obtained when currant-juice
or freshly prepared grape-juice were used. Gay-Lussac further
found that, if this juice after being 11':msf(:1~r«:(ldfrom one \'(xssél
to z.m.nther were again heated after secure corking, it could
again be preserved for an indefinite time. He observed that
during the boiling the fluid lost its transparency and a deposit

took place. He came to similar conelusions as to the necessity

n{: oxygen for the initiation of fermentative processes, in the case
of the putrefaction of meats, &ec., preserved accordin‘r’l Appe t '
method. Bl

Gay-Lussac concludes from his experiments that oxygen is
necessary for the commencement of the f(,‘]'lll(‘l]t"ﬂﬁ()]‘l't', l]‘xa‘.t
r]u_s oxygen combines with some substancein the fermeut‘;\'cible
flaid, thus producing the ferment, which can then act wizhuruf
furthur oxygen ; that the effect of the heat in App(*rt’; meihou{
is to decompose any combination already formed, and to llnnk(*
ﬂ\r* oxygen which is present unite to form some substance \\'hi(‘l;
is not a ferment ; that the product of this union with oxygen
is the deposit which is'seen to occur on heating fhesu-ﬁvu?ds.
He hf..»wc?'cr 1'L"C!_)glli5t’,.\' that fermentation is still a mysterious
process, since it oceurs slowly and not immediately like other
chemical actions. ]

Idh.smg Now over a };('-1'1:1([ of some y 2ars, we come to the




¢ THE PARTICULATE THEOR Y OF FERMENTATION.

views of Caignard-Latour, made known in papers presented to
the French Academy during the years 1885-37. On examin-
ing fermenting grape-juice, he found (as indeed had been im-
perfectly observed before hy Leuwenhoeck and Desmaziéres)
that it eontained numerous globular bodies which he considered
to'be of vegetable nature, and which he found to possess the
power of reproduction, paxtly by budding and partly, as he sup-
posed, by contracting and: liberating numerous Spores. From
soveral facts—amongst-others, from finding- that in juices mot
undergoing alcoholic fermentation these bodies were absent,
while they were always present. where that fermentation oe-
curred—he coneluded that they were the cause of the fermenta-
tion. He further found that, the deposit of which Thenard
spoke, and which he had stated tobe the ferment, was composed
entirely of these bodies.

Similar views were anmounced  almost simultaneously by
Schwann,? and to him rather than to Caignard-Latour must be
given the credit of having furnished the first real proof of the
view that these cells were the causes of the fermentation.

Schwann_prepared infusions of meat, fruits, &c., somewhat
after Appert’s method, but, instead of leaving the vessels com=
pletely sealed, he allowed air which had been previously heated
to comeé in contact with the fluids. The following is his de~
seription of the method which he ultimately adopted.

¢ Tnto a threec-ounce vessel a small piece of meat was introduced,
and then water was added so that the whole occupied about one-
fourth of the cipacity of the vessel ; the bottle was then closely corked,
the.cork being firmly fastened down by wire. This cork was traversed
by two small glass tubes. one of which was at once bent downwards
ot its exit from the vessel, and its orifice dipped into a small beaker
containing mercury covered by a layer of oil. The other tube ran at
first horizontally and then divectly downwards for an inch.and a half.
There it had two narrow spiral turnings, then it again ran upwards,
and finally horizontally; being deawn out o afine point at its termi-
nation. The cork was covered with geveral layers of a solution of
caoutchoue in linseed oil, rendered thinner by the addition of oil of
turpentine. The fluid in the flask was now boiled, and the steam was
made to issue from the two tubes till the mereury and oil became so

\ See Annales de Chimie et de Physique, t. 1xviii. 2¢ série, 1838.

2 Poggendarf’s An nalen, x1i. 1837.

SCHWANN'S EXPERIMENTS.

hot that they no longer condensed the steam. (In order that no
organisms might develop in the water which remained between th(—;
oil and the mercury, a layer of corrosive sublimate was placed between
them.) While the boiling was going on a spirit lamp was placed
under the spirals of the second tube, and the heat was continued until
the tube began to soften (see Fig. 1), The drops of water condensing
in the cooler parts of the tubes were dispelled by another lamp. Afte\;
boiling had continued for a quarter of an hour it was st(.q:ped and
during the cooling of the flask, air passed through the sc:c(mdy <rlas.:
tube into the vessel, being however previously h_on.t(:d in the s?)il‘él
part of that tube. After complete cooling of the flask the orifice of
this tube was sealed and the portion of the tube between the spiral
and the end, containing unheated air, was heated. '

e That being done
the spirit lamp was completely removed.

Fi1ag. 1.—SCHWANN'S METHOD.

. Prepared in this way, the flask contained only boiled meat
infusion -and heated air.  From time to time “this_air was
renewed in the following manner: the spiral part - of the tube
having been heated almost to melting, the point was hroken
and fresh air forced slowly in, the old air bubbling out through
the mercury. After a time the tube was again sealed with 1\]‘10
same precautions as before.

By operating thus Schwann sneceeded in preserving meat
and other substances at a temperature of 63° to 77° F. without
any putrefaction, and without the appearance of organisms in

them ; while the same materials when exposed to ordinary air
underwent putrefactive changes in a few days.
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It was thus evident that there was a something present in
the air, other than the gases of the air which had the power of
bringing about fermentative changes in boiled liquids, and
that this something could be destroyed by heat.

Some further L-,xp-i-rilmzntﬁ which Schwann performed with
reforencedto the -alcoholic fermentation furnish additional
evidence against the viewthat the gases of the air are the causes
of putrefaction.

A solution of cane sugar having been mixed with yeast, fonr flasks
wera quite-filled with the mixture and then corked. These flasks
were placed in boiling water for an equal length of time (ten minutes
each). - They were. then inverted -over heated mercury, and air was
introdueced s0as to displace one-third to one-fourth of the flmd. The
flasks were afterwards corked under mercury and kept at a tempera-
ture of 63° to T7° F.
previously heated, in the other two it had not been so treated. 1In
four to six weeks the flasks which-had received the unheated air

Tn two flasks the air thus introduced had been

burst, their contents having undergone, alcoholic fermentation. The
other two flasks remained unchanged for more than three months.

Schwann states that this latter experiment, with heated air
is generally, but not always, successful, and he explains this by
the supposition that after the heating of the mereury, and in
the processes of uncorking and corking, organic matter, which
had not been previously heated, might very pessibly mix with
the mercury and enter the flasks. (This view has sinee been
proved to be correct by Pasteur.)

Tt is but fair to refer here to the experiments on spontaneous
generation published in 1836 by Franz Schulze. These will
They are, however; of interest
here, because Schulze anticipated Schwann in the principle of

be deseribed at a later period.

admitting air previously acted on in some way or other, in
his case chemically, to Appert’s preserves.

Schwann’s experiments were repeated and confirmed by Ure
in 1840 and by Helmholtz in 1843.2. The latter ‘author, in
order to test the oxygen view still further, prepared an infusion
inethe usual manner in a vessel into which platinum electrodes
were fixed. After the infusion had remained unaltered for some

v Journal fir prakiische Chemie, xix.
2 Miiller's Arcliv. 1843,
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time a current of eleetricity was sent through the liquid,
decomposing the water into hydrogen and oxygen. But even
this oxygen in its nascent, and therefore in its most active state,
was unable to produce any fermentation in the fluid.

In the meantime Liebig had stepped forward as the oppo-
nent of the views advanced by Caignard-Latour and by Schwann.
He proposed a theory of a totally different nature.! After
pointing out that organic molecules have a tendency to alter
their constitution, to break up and rearrange themselves,
he approaches the question of putrefaction and fermentation.
With regard to the cause of these changes he writes as follows :
¢ (Jette cause est la faculté que posséde un corps en décomposi-
tion ou en combinaison, c’est-a~dire, en action chimique, d’éveiller
la méme action dans un autre corps qui se trouve en contact
avee lui, on de le rendre apte a subir laltération qu’il éprouve
lni-méme.” He compares this sort of action to combustion, and
cites several well-known instances of this kind, such as the de-
composition of nitric acid by an alloy of platinum and silver,
a change which does not take place with the platinum alone ;
or the decomposition of peroxide of manganese by oxide of
silyer, &e., in water containing oxygen. '

He includes under the term ©eremacausis,” the alterations
which organie substaneces undergo at ordinary temperatures,
and as the result of the action of oxygen.

When oxygen is
excluded, putrefaction occurs.

Putrefaction is a combustion
of one or more of the elements of the organic substances at
the expense of their own oxygen. Where no foul smelling
products result, the process is termed fermentation. Putrefac-
tion oceurs when the equilibrium of the attractions of acomplex
organic molecule is upset, and it results in a rearrangement of
these elements. Non-nitrogenous organic substances do not
undergo this putrefaction spontaneously when they are pure.
They must be brought in contact with some substance already
undergoing change. This latter substance is therefore termed
a ferment. This ferment is a nitrogenous substance under-

going putrefaction and eremacausis, it converts the oxygen of
the air into carbonic acid, &e.
desiceation, by heat, aleohol, &e.

Its activity is destroyed by
It is the soluble portion of

Annales de Clamie et de Physique, 2¢ série, 1xxi. 1839,
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| this does not act by direct

the ferment which is active, an
decomposition which it itself

contact, but in consequence of a
The elements of the ferment take no part in the

undergoes.
when fer-

formation of the products which sugar furnishes
mented; thongh at the same time the ferment is itself under- §
(This latter statement is based on an oh-
ho found that 20 parts of fresh yeast,
eft, after fermentation was eom-
This residue

going destructions
servation by Thenard, w
added to 100 parts of sugar ]
plete, only, 1317 parts of an insoluble residue.
placed in @ mew portion of sugar hecame reduced to 10 parts.
This last residue no longer exerted any action. Pastenr has
oved the aceuracy of Thenard’s results.
that, yeast increases markedly
latest work Liebig admits |

since completely dispr
On the contrary he finds '
during fermentation, and in his
this.)
The
undergoing decomposition.
quantity for the sugar, when the decomposition of the former is
complete the latter ceases to ferment (this statement has sinee
been shown-to be guite erroneous), and therefore a sufficient
quantity must be present in order that its deeomposition may
not-he completed till that of the sugar has ended. No special |
is, according to this view, required in order to aet as |
a ferment, but merely one which shall be the eonstant exciter
in the fermentescible substance. (This statement is
fying fluids and tissues added to

ferment is, therefore, aceording to Liebig, a body

substance

of action
also wrong, because putre
sugary solutions do not conver
was l:lt,t'(-'x’i_\' admitted by Liebig, who was compelled to allow
the existenee of some relation between the yeast plant and the
fermentation, 2 conneetion which. ~he, however,

alcoholic
ated from the dead and dying,

attributed to the effect propag
not from the living, cells.)
[iebig sums up as follows : —
(_)rgnnia (-ompuunds ln-l—-som
phenomena.
1. They give rise to hodies endowed with new properties;
the elements of several molecules of a more simple cmnpunnd
molecule of a more complex nature.

uniting to form one
nolecules of a high degree of complexity

9. Some complex 1

1f. the ferment is too gmall ine

t the sungar into aleohol. '.l'hisrl

two  opposite and doﬁnite[

LIEBIG'S VIETVS. 11

break up into one or more less complex molecules of a lower
order, in consequence of the destruction of the eqﬁiiibrﬂﬂn ;lf
the attractions of their elements. This cquilibrfmn may be
destroyed by heat, hy contact with a body of different, (‘(;I; ;
sition, or by the action of a body which is itself 1‘111(‘Ie‘1‘r'f1]m-
change. » i
fN'R{l\hll?itilt:fal.xlxxplui ot‘ t}‘nx Liebig takes the case of urine: ¢In
e e, he says, if oxygen be entirely excluded there
oceurs 1o alteration of the urea or of the hippurie acid co
T“lned in it, but if exposed to the air another snhs(umje T ="(»“-
in the urine (probably the mucus) undergoes a uh-Auurev l)f ‘;(_“t‘
and composition (eremacausis), which 1: tmnsfc;‘rildg' "-'”11
municated to the urea and the hippuric acid ; ﬂ‘l(‘ 11'(0m"'-'
rz?snl\'cd into carbonic acid and ammonia ; H<n‘ ’lui ) »"11'?‘~m'L ];
disappears, and in its place is found 1‘)(‘1‘17,(.»1'(:’ ;L('i(i.’ S
“e,‘f continues: ¢ When we reflect that the power of execiti
putrefaction belongs to bodies of the most different co;n )n:it o
that ‘blood, flesh, cheese, saliva, infusion of malt mml]r'; 0 'm']t,’
:1111.1011(13, &e., acquire this property as soon as, by ,“-l.P L‘I:(-‘nl;i -"‘l]
action .of oxygen, a disturbance in the equilibrium of t(lt
attraction of their elements has taken place, all doubt as fl
the true cause of these phenomena seems to (’lisa ) )(-'u'-" th“
s‘hu].l see later that in this Liebig is wrong, ’rh.at ir}(n‘ . el ( ‘C
&e., cause putrefaction not from any inl\(-}br’(»cnt tven(l(:n:-\? ::( \i,
s0 or from any state of decay, but because they introd':we)t‘h:
1](.*0('25:%"!]‘}‘,‘ particles into the putreseible liquid.) u b
_ljleln'g ('l:\en. goes on to say, with reference to the germ
;.ll:un:y of putrefaction, that after the death of fungi an((l5 ‘in—
SOYi: = e S 3 . 2 :
th(;):lt.lil tv.l\lt. (:);)sl« lltli:gt,lfe .s;‘n_1‘1e pn,i‘ret.-lcnvc phenomena as after
him, only :\I')l'):"-:'xxj 1?(1 l:]l]t-].’“;»‘;]):imllilfﬂsilto'rs;\“i:m'] ot
are not, the cause of it, though no d : b .lﬁ a—ct‘wn., au.d L
e e or 1,, houg ._“l) doubt by their vital actions
A sten and modify the change.

And 3 pause 1 i
now let us pause in the history of this important sub

ject, ar G ise s i
Jeet, and methodise somewhat the views expressed. These may

be divided int
Ia ’”dl;[ into three sets. Firstly, we have that of Gay
assae, who attributes b . : - . o Ja
3 ¢ butes putrefactive : ¢ ativ ha
I > and fermentative C}];n‘[g(‘-s

solely to the i eNe i ‘
y to th.t_ influence of oxygen in the first instance.
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Then
referring these changes to the entrance into the fluids of solid
part icles from withont, which may be destroyed by heat. Thes
the whole fermentative process

come the views of ('uignm'd—lmnm‘ and Sehwann,

authors go further, and aseribe
to the growth of the orgarnisms which are found in the ferment-
ing liquids.

And, lastly, we have the view of Liebig, who looks on 0Xy-
gen as i1 S0 far favouring formentation that it causes eremas
cansis, the molecules undergoing this change being now capable
of setting up putrefactive and other fermentative changes.
The latter changes are therefore: due to the presence of some
substance itself undergoing change, and to this substance the
term ¢ ferment’ is applied.  This ferment may be destroyed
by heat.

Tt will be more convenient if for the present we class these
views under two heads—the oxygen theory (Guy-Lnss:‘w"s) on
the one hand, and the part iculate theory (Schwann’s) on the
other.

or Schwann’s is the more tenable view.

At a later period we shall determine whether Liebig’s

[ have alréady mentioned the researches of Sehulze, Sehwany
Ure, and Helmboltz as tending more or less 0 upset the views
of Gay-Lussac.

The next research-of importance on this sabject is that by
Their aim was to see whether filtration ‘
ol

Schroeder and Dusch.!
of the air would be sufficient to prevent the fermentation
boiled fluids. . Their apparatus was the following :—
, .‘
Al glass vessel containing the material to he tested (meat infusion,
&e.,) was closed by a close-filting cork, which was dipped into hot WﬂX\
gave

previous to its insertion. This cork had two holes in it which

exit to two tubes bent outside to a right angle, these tubes being also
firmly embedded in the cork ; one tube was for the purpose of con
ducting air to the vessel, and the other to suck air out of it.

The conducting tube was' connected by means of a short piece off
vuleanised caontehoue with a glass tube ; the latter was again attached
90 inches Jong) by means uf}
at the other end of this tube
The wide

to a wider tube (1 inch in diameter and
a similar cork to that in the bottle, and
was a cork with a bit of tubing in it, called the open tube.

i Annalen der Chemie und Pharmacie, 1854
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tube was loosely: filled with cotton wool which had been previousl
heated for some time in a water bath. o s
The other tube—the suction tube—which in the interior of the
flask reached almost to the level of the fluid, was connected by m >-/ “
of a vulecanised india-rubber tube with the upper tube of an jl'di;:“-m
gasometer, this latter tube being provided with a step-cock l’;;y
gasometer was filled with water, and on opening the l;\\'cr t'uh~ lLt"
this vessel the water flowed out and thus the ":l:muetvr acted ( -
aspirator. (See Fig, 2.) B L gy

Qne 7S 3 o arat . \

Such was the apparatus employed. The fluid having been

introduced into the flask, and all the connections having heen
g g heen

SCHROEDER AN TSCIH’ o
CHROEDER AND DUSCH'S APPARATUS FOR SUPPLYINC
= b L LYING
FILPERED AIR.

(The tube t s laft giht ¢
ube to the left onght to reach almost to thelevel of the liguid.)

ascertaine v aip-fio ; .
iined to be air-tight, the cock of the aspirator was shut

and the substance e te i
: the !substllm,(, to be tested was hoiled, till all the tubes
ar as the cott ool had b Vot
SR EC cotton wool had been thoroughly heated ; tl
joinings having been agai : ghly he: ; then, the
3 g 1 g been again examined, the aspitator was so
arrange . e y PO (
L iged that water flowed out of it drop by drop, and thus
sucked air slowly through the flask i i
Meat, boiled in wate
= ,¢tt~ ].l(.)ll(,l] in water and kept in a flask of this kind with
onstan hs: O [ o an ey 3 P ‘
e ; 11mg( of air, was preserved for twenty-three days, and
nen teste at: Sy g . 5 v A Yy < ¢
e 1(-1 it the end of that time was found to be quite un
altered, while a similar infusi i 3
b , while a similar infusion left exposed to ordinary air had
fo . I.(:]l . 9 < x - Yy « <
woved from the laboratory during the second week o
: o ek on




14 THE PARTICULATE THEORY OF FERMENTATION.
account of itsintolerable stench. This experiment was repeated
several times with similar results.

Schroeder and Dusch (:,\']u}rimcm:c(l in a similar manner
with fresh sweet malt containing hops. After twenty-three days,
the fluid being still analtered, the cotton wool was removed, but
the introduction of air—now unfiltered—was continued. The
fluid was muddy and covered with fongi, and had undergone
fermentation in a week. '

These observers Were, however, nnable to obtain like results
with milk, or with meat heated withont the addition of water.
These substances invariably mnderwent putrefaction.
mblished five years later Schroeder returns to
this subject.! | Haying found that white of‘egg mixed with
water, if constantly shaken while boiling, could be preserved for
an indefinite time, he tried whether ozoneé had any power n
acid was decomposed

In a paper p

inducing fermentation. Dilute sulphuric
by electricity, and the ozone thus gm‘n‘.‘-mtod was (--‘}1'1(1110‘(,ed into
 vessel containing pure white of egg. The latter was kept for
thirty-eight days, and was at the end of that/time unaltered.

Schroeder was still unable to succeed with milk or yolk of

egg, although the latter, if previously heated in a closed wessel
in-an oil bath to 160° C. (310° F.) generally remained un-
changed, and the milk sometimes also kept pure.

The speeial constituents of milk could be easily preserved.
He tested casein prepared by precipitation with acetic acid and
then washing with water. The whey also which remained after
this prwipit:\tiuu could be preserved with ease. When this
whey was hoiled a deposit occurred, and this was readily kept
pure 3 and the whey which still remained did mot ferment
when preserved with the precautions mentioned. :

Sehroeder tried and succeeded with other materials, such as
blood, urine; st areh, &c.

The only substances which failed were milk, yolk of egg,
meat heated without addition of water, and occasionally meab
infusion.

As the result of these contradictory experiments he came
to the conclusion that there were two ways in which fermenta-
tion might be caused ; firstly, by some solid particle which

v Annalen der Chemi und Pharmacie, €ix. 1859.
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can I)L‘. '1]']'(‘\'1(.‘(‘1 h “ ) ) sSecon
< 0 Yy cotion VU(‘)] al S 9 ) ) ) ren
. (L, S€eCo “ 5 ] X S
& ’ ’ ) y OXyoe
E v Vo

{(in the case of milk, yolk G \ °
‘ of milk, yolk of egg, &ec.). (

ors
S
s
I'wo years later ;
T ,g"t ‘.1 later there appeared another paper by Schroeder
aring to those substances whi . P
: 3s which he had previo i
Lo : . d previously failed t
S oL I ailed to
]1“1 ¥ and in this research he has recourse to gl(—* ; ¢
iigher temperatures than formerly.! e
1"0]!' (',f- oy ! v Y . x o '.
- e egg, after being heated for half an hour in a closed
glass ;O sel, at a temperature of 130° C. (266° F.) ( *10“”
gnr T it . (26 .); was placed
“,o] ask the neck of which was stuffed when hot with I tt l
VO ¢ o & AT 3 1 . o
ool, and was again boiled with a little water. Thisr f()'- .
for seventy days unchanged. = e
He succeeded in ¢ simi
il f. led in a similar manner with meat and milk, and
he case the latter f : b
g 0 (11(_; latter he found that prolonged boili o
_. was sufficient. Sl o
From these facts i i
o hese facts he gives up his formerly expressed view
e spont: < Forrmentats A §
: pontaneous fermentation of organic subst n
the influence ‘of oxygen,and ] Ib‘ lv i
e Xygen, concludes that in tl i
gy 4 S des that in these fluids
t%]'\ : ].u present which could resist a boiling temperat
e development of these s s i o o
se. spores being, accordi 1 :
cause of the f(-*rmn'-nt-xti(ml H ftn'llfb o RS
: 2 4 e further considers t
il o L : considers that these
dl el\ f“ ere present originally in the milk, and ‘were ’L .ﬂ’t‘-”"‘
duced fro o S z Wy > ¢ e not mtro-
- ‘llul the air, because he finds that milk which has not
ten boiled at all putrefi R
At refies sooner ths i
e e . ] ‘ = : : :
&) e an pure boiled milk
It may be 1 1
ay be interesting to mention i
e ;b t{) mention here that similar difficul=
e ed by Appert in his attempt
el Y ' : s attempts to preserve
. He sneceeded by the following method: <( l
milk to two-thirds of its v i it
o -t s of its volume, strain it, then put it in t}
¢, seal and boil in a water bath for 0 'k ? S
1) Vi dra v il A th f two hours.” In order
the eream from separating he found it w
yolk of egg. This did not i 2 purd i well toladd
o }:‘) This did not increase the difficulty in ing i
: - ) ek : . : culty eserving
St urther evidence disproving the gaseons i 53”-
nished by Pasteur.? H =) > gaseous theory is fur-
e f(j = e repeated Schwann’s cxpm'hn:‘nt\' ind
as suceessful wit 3 i i ‘ e
ol i \;llthlmost fluids, but for a time he failed in the
se of . e, however, succeeded w 7 :
succeeded when he boil i
under pressure SRl 1 he boiled the milk
pressure at 110° C. (230° F.) for one or two minute
) utes,

]l('dt‘.‘(l ]| 21N o &3 < ]l)\\ d to come 1n co. act v n]l 1 an
al1r
k”l_’ th 1 € 1 C > 11 nt v t l
3 [
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he also succeeded if he subjected the milk to prolonged hoiling
at 100° C. Such milk remains unaltered for an indefinite
length of time, but it readily decomposes if unheated dust be
introduced into it in the manner to be afterwards. desecribed.
The most striking of Pasteur’s experiments is that of th.c
flask with the bent neck. . A flask containing, say, yeast wateris
heated soas to render its contents pure. Its neck is drawn out
and bent, and then, after boiling, the lamp is simply with-

¥iG. 3.—PASTEUR'S FLASK WITH THE BENT NECK.
(From Pasteur.)

drawn, the neck being neither heated, sealed, nor plugged
(Fig: 3). Nevertheless-the fluid does not undergo any change.
_If, on the other hand, the neck of this flask be sealed
during ebullition, a more or less perfect vacuum is thus pro-
dueed, and then, if the neck be broken after cooling, air rushes
violently inte the flask, carrying with it its dust. The result
is that fermentative changes occur in the fluid. In theé same
way, if one of the flasks with open mnecks, the contents of
which have remained for some time pure, has the neck hroken
off short, the fluid in its interior rapidly undergoes fermenta-
tion ; or-again, if the neck be not-bent hut be kept straight, so
as to allow dust to fall in, fermentation rapidly occurs.

The explanation of these results is that in the case of the
flask with the long neck the dust is caught in the curve, which
in the first inrush of air is filled with ‘water, which filters the
air (Mr. Lister’s view). Pasteur had supposed that part of
the air dust entered the vessel instantly, but that the fluid and
the walls of the flask were at that time so hot that any living
particles present were immediately destroyed.

As will be seen further on, Pasteur also found that it was

TYNDALL. LISTER. 17

not. necessary to filter the air of its dust, but that if the air were
merely left undisturbed for some time till the dust settled, it
nuiglnt‘ then be introduced into flasks without causing any
development., !

These experiments have been repeated hy various observers
with success, and Mr. Lister has at present in his possession a

Sy

flask of this kind containing urine which is now thirteen years
old, but which still remains unaltered and as limpid as on the
day it was prepared.

In a lecture on Haze and Dust,! Professor Tyndall showed
that if no dust were present in a flask, a heam of condensed
light passed through the vessel in a dark room would only be
visible on each side of it, but would be invisible in its interior ;
in other words, we see light only because there are particles in
the air which render it visible. Were there no particles all
would be darkness.

Such being the case; Tyndall found that when the air
which was admitted to a flask had been previously heated, as
in Schwann’s experiment, the beam of light was not visible in
the interior, showing that all or almost all the particles had
been destroyed by heat, or, in other words, were in the main of
an organi¢ nature. By the same method Mr, Lister has found
that in Pasteur’s flasks with the long open necks, no floating
dust is present after what was originally there has settled.

Another method of excluding dust was published in 1873
by Mr. Lister.? It seemed probable that the occasional failures
which oceurred in the attempts to preserve hoiled fluids arose
from the fact that the steam did not destroy the septic energy of
the dust in the necks of the flasks which had not been previously
heated. Mr. Lister, therefore, in addition to the precautionsasto
boiling under cotton-wool caps, &e., subjected his flasks to a high
temperature previous to the introduction of the fluid. This is
done by keeping them, after the cotton cap has been applied,
in an iron hox, which is kept at a high temperature for two
h(‘»;n's.

This box is of a square form, with one of its sides movable so as
' Nature, Jan. 27, 1870.

= Microscopical Jowrnal for October 1873 ; see also Zrans. of Path. Society
of London, vol, xxvii. 1878.
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to form a door. * This door has its eircumferential partin the form of
a groove capahle of being packed with a considerable mass of cotton
wool (Fig. 4, ¥). This door can he secured by means of nuts against the
edge of the box ; and the cotton wool,
having the narrow rim’ of metal thus
firmly pressed against it, serves as an
effectual filter of the air that passes in
during cooling. But then it is essen-
tial that the heat be so equally distri-
buted as to avoid heating any portion
of the cottou to such a degree as to
destroy its physieal. properties. This
uniformity of heat is provided for by
having three shelyes of sheet iron inter-
posed between the laxge Bunsen’s burner and the bottom of the box,
%0 as to prevent the heat from acting directly upon it, while at the

K16, 4.—DoOR OF MR,
LISTER'S BOX.

IF'1G. 5.—MR. LISTER'S HOT BOX.

same time the box is covered over with a cover of sheetiiron (Fig. 5, &),
which veaches mnearly to the ground, and, while it checks radiation,
compels’ the heated air to travel over the whole exterior of the box

MR, LISTER'S EXPERIMENTS. 19

and escape by holes at the top of the cover, whence it is conducted
into & chimney by a tube (). By these two means combined, the
shelves below and the cover round about, we get a uniform brownine
of the cotton. Into such a box the requisite number of vessels are
infroduced (Fig. 5). An aperture in the top of the box well packed
with cotton wool transmits a thermometer (31), to show us when the
temperature of 300° F. has been reached, and when this, or any other
higher degree short of 350° F., :
has been continued for two
hours, the gas is turned off
and cooling is allowed to take
place ; and when the apparatus
is (quite cool, the covered glasses
may be removed with confi-
dence that they are perfectly
free from living organisms.’

In this manner Mr. Lister
purifies his flasks. The larger
flasks have two necks, a large
vertical one and a lateral one,
whichis @ bent spout, large at
its commencement and com-
paratively narrow atits shorter
terminal part beyond the bend
(Fig. 6, 0).. The large size of
the fivst part prevents it from acting as a siphon, and the result is
that when the liquid is poured from such a flask and the vessel is

F1c. 6.—Mn. LISTER'S LARGH
DOUBLE-NECKED FLASKS,

afterwards restored to the erect position, the end of the nozzle remains
filled with a drop of the liuid, and this guards the orifice so that
regurgitation of air can never take place through the nozze., This
drop of fluid being sucked away by means of a carbolised rag, a pure
iton cap is tied over the orifice, and the flask is kept for future use.

This flask, purified by heat and with each orifice covered with
plre cotton eaps, is used for the experiments (see Fig. 7). The fluid
to be tested is introduced into it by means of a siphon, consisting of
two glass tubes (s and 7)connected by a tube of india-rubber (v), with
i stop-cock () in the course of the india-rubber tubing. The siphon
15 first completely filled with water, the temperature of which should
¢ higher than that of the air, so that there is no dissolved air given
off to form bubbles. Place one leg of the siphon in the vessel contain-
ing the fluid to be used (W), then turn the tap and permit a sufficient
amount of fluid to flow out to ensure that all the water has escaped
from the siphon; then turn off the stop-cock, wash the outside of

Ci2
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the tube () with carbolic lotion, wrap a mass of carbolised rag (¥)
around its lower extremity, and apply this to the mouth of the flask
(x) as soon as the cotton cap is removed; push the tube steadily
down to the bottom of the flask through the carbolised rag, turn
the stop-cock, and let the requived amount of fluid flow into the flask
(Fig. 7). When this has taken place the tap is again turned off, the

Eig. 7.—METHOD OF FILLING THE FLASKS.

siphon is withdrawn through the antiseptic rag, and a fresh cap of
carbolised cotton (the cotton is cavholised by being soaked in a solu-
tion of one part of crystallised carbolic aeid in one hundred parts
of anhydrous ether and allowed to dry) is tied over the mouth of
the flask when the rag is withdrawn. The fluid is now heated for
the desired length of time, and then abandoned under the protection
of the eaps.

In this way Mr. Lister has found that he can preserve
turnip infusion, hay infusion, urine, fresh milk, &e., for any

length of time without any alteration taking place. To pre- 8

serve milk, the flask containing it is immersed in boiling water
for half an hour or more.
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But this is not all, for these flnids can be transferred to
smaller vessels without undergoing any fermentation after this
transferrence. This is done as follows: a ligueur glass (A) is
covered by a glass cap (B) (watch glass), and the whole by a
glass shade (¢), the liqueur glass )
and the shade standing on a glass
plate (see Fig. 8). This arrange-
ment is introduced into the hot
box and thoroughly purified.

Thus we have a pure glass filled

with pure air, and the problem

is to transfer the fluid from the

flask to the glass without con-

tamination in the proecess. To

do this, the cotton cap is removed from the nozzle of the flask
(Fig. 7, z) and the end of this is instantly slipped into an
opening in the centre of half an india-rubber ball (Fig. 9, ®)
previously steeped in a strong watery solution of carbolie acid.
The outer glass shade is then removed, and the watch glass
being lifted, the india-rubber eap is instantly applied in its
place (see Fig. 9). The required quantity of fluid is then poured
into the glass, and the cap and shade

immediately reapplied. A fresh cotton

cap is mow tied over the nozzle of the

flask, In this manner any number of

glasses may be charged, and these are

found to remain as pure and unaltered

as the finid in the original flask.

And now observe what sueh experi-
ments teach.. In the first place, into
the original flask, when cooling, air
enters, but this air having pﬁs.‘x‘(}(l

through a cotton-wool plug is incapable

of causing putrefaction. 'Then in the

deeanting of this liquid from the flask, fresh-air must enter
tvh‘mugh the large mouth of the flask, but asthis passes through
afilter of cotton wool it is in like manner incapable of causing
fermentation. Further the liqueur glasses are full of air, which
has either been previously heated, or which has been filtered
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through the cotton wool around the door of the hot box. The
fluid when poured from the flask into the glass mixes freely
with this air, but no change is set up. And, lastly, the loosely=
fitting glass cap and shade allow a free interchange of air, buf
are so placed as to make sure that the air deposits its dust
outside the glass; thus corresponding in action to Pasteur’s flasks
with the bent necks.  In spite of all these opportunities of
admixture with the gases of the air, all sorts of fluids remain
unaltered, while, on the other hand, the same liquids exposed
freely to unfiltered air rapidly undergd fermentative changes.

These experiinents are of themselves an absolute proof that
the gases of thie air alone are unable to cause fermentative
changes in organic substances.

In 1874 Dr. Roberts! demonstrated again that fresh milk
and other substances could be prevented from putrefying if
kept in a flask with a cotton-wool plug after having been pre-
viously boiled.

His method was as follows : An ordinary delivery pipette, having
on it an oblong bulb capable of containing 30-50 cc., was sealed atone
end, and the materials to be experimented on were then introduced
into the bulb until it was two-thirds full (Fig. 10, o). The inside
of the neek of the bulb was next wiped dry, and a plug of cotton
wool ‘was inserted about its middle. Lastly, the neck was, drawn
ont above the plug and sealed in the flame (Fig. 10, ).

When-the bulb.was thus charged and sealed it was weighted with
a leaden collar, and submerged in the upright position (so as to pre-
vent the wetting of the cotton-wool plug) in a can full of water
The can was placed over a source of heat and boiled for the re-

quired time. The bulbwas then withdrayn and, when guite. cold;

its neck was filed off above the cotton-wool plug (Fig. 10, @).
Finally it was set aside in the upright position and maintained at &
snitable temperature.

By exposure to the heat of boiling water for from twenty to

forty: minutes Roberts was able to preserve those substances

with which Schroeder and other observers had failed, viz., milk, ¥

pieces of meat, and egg albumin.
In 1876 experiments were published by Professor Tyndall ®

\ Philosophical Transactions, 1874.

2 Plilpsophical Transactions, 1876,

DR. ROBERTS' EXPERIMENTS.

I have al-
ready mentioned the method by which he demonstrated the
presence or absence of particles in suspension by passing a
powerful beam of light through the air to be examined. He
found that ¢in order to render air optically pure it was only

which afford still further evidence on this subjeet.

necessary to leave it to itself for a sufficient time in a closed
chamber or in a suitably-closed vessel. The floating matter
gradually attaches itself to the top and sides, or sinks to the
bottom, leaving behind it air possessing no scattering power.
Sent through such air the most concentrated beam fails to
render its track visible.’

A

Fig. 10.—Dr. ROBERTS' BULBS (COPIED FROM ROBERTS).

His method as deseribed by himself is as follows: ¢ A chamber or
case was constructed with a glass front, its top, bottom, back and

sides being of wood. At the back is a little door which opens and

closes on hinges, while into the sides are inserted two panes of glass
facing each other.
in order to make the dust adhere.
middle by a hole 2 inches in diameter, closed air-tight by a sheet of

The walls of thiscase are smeared with glycerine
The top is perforated in the
india-rubber. This sheet is pierced in the middie by a pin, and through
the pinhole is passed the shank of a long pipette ending above in a
small funnel. A circular tin collar 2 inches deep smrrounds the
pipette, the space between both being packed with cotton wool mois-
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tened with glycerine. Thus the pipette, in mo.\"mg up and down, is
not only firmly clasped by the india-rubber, but 1t also passes throngh
a stuffing box of sticky cotton wool. The width of thfi. aperture
closed by the india-rubber secures the free lateral play of the lower
end of the pipette. Into.two other small n[,u?rtun?s in the top of the
cupboard are inserted, aiv-tight, the open ends of two narrow tubes
intended. to connect the interior space.with the atmosphere. The
tubes are bent several times up and down so as to intercept and
retain’ the particles carried by
8 such feeble currents as changes of

temperature might cause to set in

between the inner and the outer

air (see Pig. 11). X
¢The bottom of the box 1s
pierced with holes, in which are
fixed, air-tight, twelve test tubes,
intended to contain the liguid to
be exposed to the action of the

moteless air.’

The case so prepared is closed
and allowed to stand for three or
four days, till it is found by the
bheam of light that all the dust has
settled. < Then, the pipette being
dipped into the test tubes, the

= fluid to be experimented on is
Fic. 11.—Prov. TYNDAL'S PURE  introduced intoeach in succession.
CHAMBER (COPIED FROM TYNDALL). They are then boiled for five
minutes in o brine bath. During the cooling, plugs of cotton wool
are introduced into the small external convoluted tubes, but these
plugs’ are afterwards withdrawn. « The apparatus is th.e-.n kept at-a
suitable temperature and ab perfect rest. | At the same time a part' of
the game infusion boiled for the same length of time is placed outside
the box in free contact with the air,

In this way Tyndall has been able to preserve for an inde-
finite time, boiled urine, mutton infusion, beef infusion, haddoek
infusion, turnip infusion, hay infusion, infusion of sole, liver
infusion, infusion of hare, rabbit, pheasant, grouse, codfish,
turbot, herring, mullet, fowl and kidney ; while flasks C(tnl'am—
ing the same infusions, left exposed to the air after boiling for
the same length of time, invariably putrefied in a few days.

TYNDALL. 25

This experiment, though resembling in many respects
Pasteur’s experiment with the flasks with long bent necks, differs
from it materially. In Pasteur’s experiment the whole of the
interior of the vessel is acted on by the heat, and thus when the
boiling is ended there is no part of the flask, except the neck,
which contains any particles capable of causing fermentation.
In this case, however, the steam from the tubes, passing into
a larger ehamber, is not able to destroy the vitality of the dust
lining the walls of that chamber, and therefore the infusion is
here not only in contact with ordinary air which has not been
acted on by heat nor filtered of its dust, but the septic dust
itself is present in the same vessel though not in actual contact,
with the fluids. Tyndall found that as soon as ordinary labora-
tory air, laden with dust, was admitted, putrefaction commenced.

Tyndall has further shown that the gases arising from
putrefying substances, however foul smelling, cannot produce
decomposition in other fermentescible liquids, although this
readily occurs when ordinary dust is admitted.

Thus, ‘on the 30th of November a quantity of animal refuse,
embracing beef, fish, rabbit, hare, was placed in two large test tubes,
opening into a protecting chamber containing six tubes. On December
13th, when the refuse was in a state of noisome putrefaction, infusion
of whiting, turnip, beef, and mutton were placed in the other four
tubes; they were then boiled and abandoned to the action of the foul
sewer gases emitted by their two putrid companions. On December
25th these tubes were still unchanged. On the same day the.end of
tlie pipette was dipped into one of the putrid tubes and then inserted
into the turnip, and on the 27th a similar speck was transferred to
the whiting. These rapidly underwent deecomposition, while the
rémaining two tubes remained unaltered.’

Hy npemting in the manner deseribed hy Mpr. Tister T have
succeeded equally well in preserving fresh milk, meat, cucumber
or turnip infusion for any length of time. As I shall have to
refer at a later period to experiments in which extensive use is
made of the ease with which these fluids can be preserved
though retaining great readiness to undergo fermentation, I
need not say more at present. ]

Not only is air which has been filtered incapable of caus-
ing fermentation in a boiled liquid, but air which has been
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acted on. by carbolic acid is also ‘without effect. 1 may
mention a few facts made out by myself in support of this
statement.

In the small room in which most of my experiments were
done it was almost impessible for me to transfer fluids from one
flask to another, by Mr. Lister’s method, without contamination
and subsequent fermentation, but if T performed the same
manipulations in a spray of about 1t0.30 carbolie acid and water
I could transfer all sorts of fluids with ease from one flask to
another without any risk, even though done in the most leisurely
manner. In doing this T have used Mr. Lister’s double-necked
flasks without the protection of the india-rubber cap. 1 have
also in a few instances simply poured the fluid from one single-
necked flask to another, and when this was done in a carbolie
aeid spray without other precaution, the fluid remained pure.

That milk once rendered barren by hoiling can be readily preserved
for any length of time, though retaining its eapability for undergoing
fermentation, is shown by the following experiment.

On January 30th milk was prepared by boiling for twenty minutes
in a flask puvified by boiling distilled water in it nnder a cotton cap,
the flask being afterwards dried by heat.

On’ the same afternoon three purified tubes with glass eaps and
shades (just like Mr. Lister's liquenr glasses) were half filled with this
milk under the spray.

February 6.—The caps were removed under the spray, and a
heated needle being introduced, portions of the fluid were taken from
each tube for microscopical examination. = All the milks were found
to present the normal appearance of fresh milk externally and micro-
scopically.

February 11.—Examined as before. No change.

Lebruary 19 —No change.

March 3.—Still fluid and unchanged in appearance. Two of the
tubes were now tested by the addition of a drop of fluid from a tube
containing milk which had been:left open,and which had putrefied,
In three days the milk in these two flasks had separated into two
layers, and had lost its normal characters.

April 11.—The milk in the third test tube still remains un-
changed.

I might multiply instances to show that milk and other
fermentescible fluids can be kept in this way for months at a
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suitable temperature, without undergoing any change. This is
not, due toanyeffect of the carbolic acid on the milk, because milk
so preserved rapidly undergoes fermentation when exposed to the
air. Indeed the minute quantity of the solution which comes in
contact with it can have no effect whatever, as is shown by the
following experiment performed in 1877. i

February 1.—Five pure test tubes were taken and into each was
introduced 100 minims of hoiled milk, along with a certain number of
minims of watery solution of carbolic acid, 1-20,

To No. I. were added 2 mins., making a proportion of 1-1000.

L, 3 5 " 1-400.
o A0 : 10 5 . 1-200.
, IV, 20 , 1-120.
O . 1-60.

They were then shaken up and left exposed to the air for twenty-
four hours, and afterwards covered with very loosely-fitting cnpus
which were removed at intervals during the fo]llowing (Jl:ty. ) ’

February 6.—The milks were beginning to alter in appearance
and to separate into layers. This was the case even in No, V.

April 19.—They were all much advanced in decomposition.

lhus. we see that decanting can be safely done in a spray
of carbolic acid, the fluid still remaining as putrescible as ever;
hila : e Sericnce had e ahi » :

1-11},~m the other h‘m.d, experience had taught me that in the

partienlar room to which I have referred, 1t was very difficult
to decant successfully without the spray.

The following experiment which I performed some time
ago direetly proves the efficacy of the spray :—

Two flasks containing pure milk were opened in my room, and
left open for ten minutes. In both bacteria developed. As soon as
_th(:sc flasks were vemoved two other flasks similarly charged were put
n the same place in a fine clond of carbolic spray. i ’Ifhevb\vere opened
and le:ft open for ten minutes. Both of these 1';:maine(1vpnre, though
“‘le£’-11 mnoculated at a later period organisms rapidly developed in the;],
When they were removed the spray was stopped, and two fresh flasks
were placed in the same position, opened and left open for ten minutes.
One of" the latter remained pure; in the other
(As will be later seen, the presence of organisms is synonymous with

the presence of far - . -
1€ presence of fermentation, and their absence with the absence of
such c-.h:mgcs.)

organisms appeared.
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Another experiment proves to demonstration the efficacy of
the spray in destroying the putrefactive agents in the air :—

Four flasks provided with cotton ecaps were purified according to
My Lister’s method.. Into two of these, pure cucumber infusion was
introduced in the mammer already described. These two flasks ‘were
plaeed for four days in an incubator, kept at the temperature of 98° I,
At the end of this time the fluid'wvas unchanged in both. About
half of the liquid in one of the flasks was then poured into one of the
empty previously purified flasks, in a clond of earbolic spray, and the
caps reapplied. These were then placed in the incubator and they
remained permanently unchanged, and without the development of
organisms. The same process was gone through with the two flasks
without the use of a spray. In both of these organisms developed
and putrefactive changes occurred.

In this experiment, when the fluid was poured from one
vessél to the other it passed through the air, and air also
entered /into the first flask to take the place of the liquid.
When this air had not been acted on’by earbolic acid, organisms
developed and fermentation took place, but where the air had
preyiously. passed through the spray it failed to cause any
further change. (I do not of course mean to imply that the
former will'be a constant reésult, for in ordinary air there arve but
few organisms present, and probably many flasks would escape.
This-experiment. refers to the air of the room in which it was
performed, that air being loaded with causes of fermentation.)
© A very striking proof of the value of the carbolic acid
spray which occurred to me lately may be mentioned. The

flasks which I at that time used were purified by heating them
to a temperature of about 600° F. in a box like that described
by Mr. Lister. The flasks were in the first instance heated
without any covering, the cotton caps were then applied under
the spray, and the flask with its cap reintroduced into the box,
where it was thoroughly dried in order to drive off any carbolic

acid which might. be ‘adhering toit. 'Asjthe temperature to
which the apparatus was in the first instance raised chars cotton
wool, T used asbestos to filter the air as it passed into the
interior of the bex during cooling, For a while this answered
quite well, but after a time portions of the asbestos became
detached, and holes were thus formed through which air could
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b

enter without being filtered, and as a result on several occasions
I found that all the flasks so prepared were impure. This
was obyiated simply by directing the spray against the door of
the box as soon as the lamp which heats it was extinguished.
The box was thus surrounded by spray; the air passing into
it first passed through this spray, and, as a result, since I
did this, I never failed in any instance in obtaining pure flasks.!

From these researches we leayrn that the gases of the air,
whether oxygen, nascent oxygen, ozone, nitrogen, carbonic acid,
emanations from fermenting substances, &e., are powerless to
cause fermentation in bhoiled fluids or tissues. Further, that
it is sufficient, in order to prevent this occurrence, that the air
be either previously heated, or filtered through cotton wool, or
acted on by chemical substances, such as sulphuric acid or
carbolic acid, or merely allowed to remain at rest so as to
permit the dust to settle outside the substance tested. "It is
therefore evident that the eauses of putrefaction in boiled
substances are solid particles present in the atmosphere and on
swrounding objects, which may be deprived of their fermentative
properties in various ways. When we come to consider the
farther questions of spontaneous generation and the relation of
organisms to fermentative changes, we shall find much additional
evidence confirming this view.

! The exact merits of the carbolie spray as a means of puvifying the atmo-
sphere will be discussed later. What I wish to point out bere is, that in
ordinary air;in circnmstances where we know that particles capable of causing
fermentation are present, carbolic acid is able to render these particles inert.
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CHAPTER IL.

THE PARTICULATE THEORY OF FERMENTATION (continued).—
ON | THE ' FERMENTATION OF UNBOILED SUBSTANCES.

Grape juice—Gay-Lussae—Van der. Broeel—Pasteur— Roberts: Hlood— Van,
der DBrocek—Pastewr—Burdon-Sanderson—Lister—My own resulfs; un-
boiled urine~- Fan ' der Brovek— Pastewr—Lister— My own resulis— Roberts

Cazoneuve and Lavons milk—Hoppe-Seyler— Roberts—Lister—My onn
cxperiments; egg albnmen—Van der Brocel— Gayon—Roberts—My own
ceperiments; vegetable tissues—Robeyts); animal tissnes—Billroth Tiegel
—Burdon-Sanderson—My own experiments— Cliene and Enarét—Meissner—
General review of the facts—Behaviour of ‘similar fluids and tissues in the
living body—Principles of aseptic surgery.

WaILE iteannot be doubted that the causes of the fermenta-
tion of boiled flwids amd tisswes ave particles which veach them
from the aix and from surrounding objects, is this equally the
case with the wnboiled ? Experiments with these substances
are apt to yield very contradictory results, for it is a matter of
extreme difficulty to prevent their contamination after their
removal from the living body. How this has been managed
and with what results we must now enquire.

I.—Grape Jwice.

Gay-Lussae in the research mentioned before, attempted to
ascertain whether unboiled grape juice remained unaltered when

oxygen gas wasexcluded. He tooka bell jar and introduced iuto

it small grapes, still intact. . The jar was now reversed over
mercury, and was filled five times with hydrogen gas in order
to \\';1:’1; out all the oxygen. The grapes were then crushed by
means of an instrument introduced through the mercury, and
the juice thus obtained was kept at a temperature of 15° to 20°
C. Fifteen days later. no fermentation having taken place, a
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small quantity of oxygen was introduced, and immedi;x.tely
fermentation commenced.

From these experiments he concludes that the oxygen
introduced caused the fermentation. But here there are two
main fallacies. In the first place, the skins of the grape were
left mixed with the grape juice, no sufficient meuns being
taken to destroy any solid particles adhering to them ; and then
also the oxygen introduced might have carried in the necessary
particles. There can indeed be no doubt, from Pasteur’s sub-
sequent investigations, that the Torula cerevisie—the cause of
the alecoholic fermentation—was present on the skins of the
grapes ; and Pasteur has further shown that oxygen is absolutely
necessary for the development of the old cells of the Torula,
though the young cells may go on developing without the
presence of free oxygen. The explanation of Gay-Lussac’s
experiment is, therefore, that the old Torula cells present could
not" develop without oxygen, but that when a small quantity
of oxygen was introduced, they developed,-and fermentation
oceurred.

The next attempt to preserve grape juice of which I can
find anyrecord was made by Van der Broeck, and narrated to
the ©Provineial”Gesellschaft fir Kunst und Wissensehaft,’
Utrechif, January 1858. His method was the following 1':—

Small beakers were filled with mercury, and then heated in a sand
bath till the boiling point of the mercury was almost reached. From
time to time they were placed under the receiver of an air-pump, and
at the same time shaken in order to detach any bubbles of gas adher-
ng to the side of the flask. This process of heating and exhausting
Was continted till all the air was removed from the hottom or sides
ofithe glass. | These glasses were then inverted in a basin containing
previously heated mercury, and were firmly fixed in this position.
Ripe and uninjured grapes were now passed into the mercury and
brought under the orifice of the flask, a portion of the skin of the
srape was clipped outi by a heated knife, and by gentle pressure some
of the juice was made to ascend in the vessel, the rest of the mrape
?Jcing removed. When a sufficient quantity of juice had been thus
ntroduced the vessels were placed in a room of which the tempera-
ture was 25° to 98° C., and grape juice thus obtained could be kept for
months or years without undergoing any change.

V' See Annalen der Chemie und Pharmacie, ¢xv. 1860.
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In this experiment not only was all air (,‘X('..]ll(](-t(l, but the
dust adhering to the walls of the vessel and in ﬂl.i‘- mercury
was subjected to strong heat, and its ﬂ?rnwu!'a‘me power
destroyed. The juice of the grape, in ascending through
the m;:rcvur‘y, did not come in contact with unheated dust, nor
did it touch the skin of the grape. . .

Into some of the flasks eontaining-pure grape juice obtained
in this way, pure and fresh oxygen was il.ll]'()(lu‘t‘e(l from a ree'l’:’n't
containing chlorate of potash and oxide of-‘ copper. .(_“:le
nozzle of the flask was heated previously to its immersion in
the mereury, and the oxygen was allowed to stream out for a
time sufficient to wash out all the dust.) In none of these
flasks was there a trace of fermentation. Into others, atmo-

. |
spheric air, passed through a mass of cotton wool, was intro-

duced in the same manner, but without producing any effect.

Into these vessels containing oxygen, yeast was introduced |

in minute guantity, and fermentation at oneg commenced.

Into others eontaining only grape juice, young cells which had'§

never been exposed to free oxygen were introduced by &
methad which is fully described in his research, and these also
caused fermentation ;- thus proving that oxygen is not necessary

even for the commencement of the change, if only the yeast$

cells be young (three or four'days old).

By these experiments it was absolutely demonstrated—I'
That oxygen is not the cause of the fermentation of unboiled

: S i v ~ -~y AT
grape juice; and 2. That the juice itself contains no ferment.

That grape juice contains no ferment was further showt
by Pasteur,’ who introduced unboiled juice into his flasks with
bent necks, containing pure beiled juice. No fermentation

1 [ o T > ¥ e . el
occurred, though, as he'says, if a .x'mglo. Torula cell had been
added, the whole mass would have fermented.

Dr. Roberts * likewise succeeded with grape juice.

Test - tubes were drawn out at their: lower ends to capillary
points and sealed in the flame; the upper ends were plngaed with
cotton wool ; they were then passed and repassed through the flame o
a spirit lamp until they were quite hot, as shown by the commencing
charring of the cotton. (Fig. 12.)

¢ Elev en sterilised tubes, six empty and five containing water, wer

\ Btudes sur la Biere, 2 Phil. Transactions, 1874.
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charged with grape juice in the following manner :
was firmly seized with the finger and thumb, and
was pressed for a few seconds against the flame
of a spirit lamp so as to destroy any adhering
germs., The point of the sterilised tube, also
heated in the flame and quickly snipped off by an
assistant, was then thrust into the grape at the
heated spot.

—A fresh grape
a spot on its surface

Compression was nowmade on the
grape until a suflicient quantity of the turbid
Juice was forced into the tube. The tube was
then withdrawn, and its point sealed in the
flame. The eleven tubes thus charged remained
permanently urnchanged, and when examined, at
various periods from five to eight weeks, the taste
and reaction of their contents were undistin-
guishable from that of the fresh grape juice.’

[I.—Blood.

Fic. 12 (Fron

Blood is one of the substances which ROBERTS).

haze heen frequently referred to as having
an inherent tendency to decompose, but several experiments
have now demonstrated that this is not the case.

The fivst-observer who succeeded in prese

rving blood was
Van der Broeck.

Van der

Broeck proceeded as follows —Having prepaved his
beakers fille

d with mercury as formerly described, he introduced one
endof a pr(.-\'iuusly heated copper tube into the carotid artery of a dog;
To the other end of this a caoutchouce tube was connected, while the
free end of the latter dipped into_the mercury and the blood passed
along it into the purified beakers. (This caoutchouc tube had been
purified by the passage of steam L]u'ongh it for some time, and by
placing 3 pPlug of cotton wool in each end while if. was cooling.)
The vessels were then kept at a temperature of 25° to 30° C. for

weeks without the contained blood undergoing any change.

Into some of these flas
duced, but still there W
tion of putresce

ks oxygen or filtered air was intro-
as no putrefaction. The minutest por-
nt or even non-putrescent. but unheated substance
at onee set up fermentation,
In 1863, Pasteur! stated that he had obtained blood from
Y Comyites Rendus, 1vi. 738,
D
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healthy animals by means preventing contamipation with un-

heated atmospheric dust, and that this blood had remained free

from change. In a later publication ' he describes the method

pursued.

¢ For this- T anade use of a flask connected by means of a
caoutichouc: tube with a brass tube and stop-cock. The two parts
of the tube are about twelve ceutimetres in length; that which is
free is filed down like the extremity of a canula. In order to cleanse
this vessel from all living dust the free extremity of the brass tube

was connected with a platinum  tube strongly heated, a small

’ / B

\ | \\“éq/j‘ " I

F1G. 13 (FROM PASTEUR).

quantity. of water having been previously introduced into the flask:
This water is then boiled, and the flagk allowed to ¢ool, the air which
enters during cooling being previously heated. Tt is well to boil the
water in the flask under pressure, to effect which the free extremify
of the platinum tube is connected with a glass tube bent at right
angles, which dips into a deep vessel filled with mercury. After
boiling for some time under pressure, this tubeis detached, and boilinZ
is continued at the ordinary pressure ; then the flask is allowed
cool and to become filled with heated air. When the Hask is cold the
cock is shut and the platinum tube detached. Till it is requived it
well to hold the orifice of the brass tube down, in order to prevent
dust from falling into it. - Before being used this portion is heatell
carefully in the flame of a spirit lamp.

¢ A vein or artery of a dog isnow opened, the end of the brass tule
introduced, and secured in the blood-vessel by a ligature ; the cock i
then turned on. Blood flowsinto the flask, and when enongh has been
obtained the cock is shut and the flask placed in a suitable tempent
tare.’

As a result this blood does not putrefy, and its odour re-
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\ Fiudes sur la Bidre, 1876.

There is not even an active absorption of §
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l\[ o ;'.' 3y 3 ¢ " ~
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e i ot o S o = o )
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4 B sent; 7 . . o > ) S
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Blg 30« i i
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) 76 i 7O & 27 - > ‘ :
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Ib aXen agamst the entrance of living dust.)
U some experiments. perfor S '
periments, performed in a manner to be shortly
1
. I(:I/lur/n'/// ./Unrnu(q,/'.Ilim'u.w-zy/ia-u/ Setence, xi. 1871
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0c. eit ¥ Microscopical Journal, 1878.
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described, T have found that blood, removed from the lnf'f\]f.,hy
living body and placed in calcined flagks or in flasks c.ontmnmg
infusion of eucumber, may be preserved foran indefinite lengch
of time without alteration.

Hence blood has no inherent tendency to undergo fermen-
tative changes, nor can OXygen alone induce such alterations.

IIL.— Unrine.

Healthy-urine was first. preserved without alteration by Van
der Broeck.  The flasks in which it was received were prepared
in the manner before described. An animal (dog or sheep)
was killed, the abdomen was immediately cut open, and the
ureters and urethra having been rapidly tied, the bladder was
removed and immersed in the mercury. A heated needle was
then introduced, and the bladder was torn, the urine then
ascending into the glass.  This urine remained pure even after
the addition of oxygen or filtered air.

In the same paper in which Pasteur mentions that he has

succeeded in preserving blood he states that he has also
obtained pure urine. The method is described in his ¢ Etudes
sur la Biere) 'The flask with its nozzle and stop-cock are
prepared asin the ease of the'blood ; then the free (.?;tremit){ of
the brass tube is-introduced into the urethra. Urine being
passed, the stop-cock is turned, and the urine flows into the
flask. Urine thus obtained undergoes no fermentation. ¢ Elila
dépose des cristaux en petite quantité, mais sans se troubler
ni se putréfier.d’ancune fagon.’ '
In 1871 Mr. Lister succeeded in obtaining and preserving
unboiled urine.! The method he employs is to wash fhé
meatus urinarius and the glans penis with 1-40 carbolic lotiol
A prepared flask is then taken, the cotton cap is rex.nu\-'ed, the
glans immediately  applied over the orifice, and urine passefi
into the flask. A fresh cotton cap is then applied.  Th#
urine may, like other fluids, be decanted into liqueur glasses
This (?K]’)L:]'vill'l("llt was apparently constantly successful, no alee
ation occurring in the urine in the flasks or in the glasses.

\ Transactions of the Royal Socicty of Edinburgh, 1875.

URINE: ROBERTS, CAZENEUVE AND LIVON.

I may here state that I have often repeated this experiment
with the view of obtaining pure unboiled urine for other experi-
ments, and always with success. I have, however,used the spray,
and have thus avoided the necessity of applying the glans penis
to the orifice of the flask. The glans having been purified,
urine is simply passed in a spray of carbolic acid into a pure
flask. This urine passed through the air, but that air, having
been acted on by carbolic acid, was inert.

Dr. Roberts has also obtained similar results by passing urine
into a pure test-tube, and afterwards charging tubes of the
form previously described, by breaking off the capillary end
below, and letting the urine flow up. Of eight tubes so
obtained, the urine remained unaltered in seven, while in one
it putrefied.

Cazeneuve and Livon ! succeeded in preserving urine in the
urinary bladder without the ocemrrence of any alteration in it.

A ligature was placed around the prepuce of a dog for five
hours, in order to have a considerable amount of urine in the
bladder. An incision being made into the abdominal cavity at
the end of that time, the ureters and the urethra were ligatured,
and the bladder was eut out. The bladder was then suspended
in the air at a temperature of about 25° C. The wall of the
bladder soon dries, and though liquid slowly transudes, that
liquid eyaporates immediately, and thus the bladder wall cannot
putrefy. Urine may be kept thus for several days-without
undergoing any change, although if the bladder be opened it
becomes ammoniacal in twenty-four hours. T shall return to
these experiments at a later period.

Thus healthy unboiled urine has no inherent tendency to

putrefy, but follows the same law in this respect as boiled
urine.

IV.—Milk.

In 1859 Hoppe-Seyler attempted to preserve milk pure in
the following manner: —2

A small funnel was carefully fastened over the teat of a goat. To
the lower end cf this was fastened a piece of caoutchouc tubing, the

! Revue Mensuelle, 1877, p. 733.
* Virchow's Arehiv. xvii. (1859).
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! Revue Mensuelle, 1877, p. 733.
* Virchow's Arehiv. xvii. (1859).
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otberend of which wasattached to a glass tube below, This glass tube
passed down to the bottom of a glass test tube, the upper rim of
which was provided with a piece of caoutchouc tubing open above.
None of the tubes were heated nor in any way purified. The milk
was now withdrawn in a continuous stream, so as to flow for a long
time over the edge of the eaoutchouc tube till it was quite free from
bubbles of air. = The test tube was then lowered, and then, while the
milk was still flowing, the caoutchouc tube was firmly tied around a
thick glass rod.

Milk obtained in this manmner, and kept at the ordinary
temperature, coagulated in three days. Hoppe-Seyler therefore
concluded that milk when shed contains'a ferment.

This experiment proves that oxygen ds not necessary for the
ocenrrence of fermentation in milk ; in other words, it is not the
cause of such changes, and therefore, as the tubes were not
purified, the canse must either be in the milk itself or be some-
thing adhering to the tubes. As I have just stated, Hoppe-
Seyler concluded that the cause was inherent in the milk.

Which of these is the true agent is decided by the following
experiments performed by Dr. Roberts :—!

‘A glass tube was drawn out at each end to a narrow orifice. The
lesser portion of this was tightly wrapped round with cotton wool and
inserted as a plug into a large test tube containing water to the depth
of one inch. A ecap of cotton wool was also tied over the narrow

“orifice. The water in the test tube was then briskly boiled, and the
bhoiling was continued almost to dryness. When the apparatus was
cold I took it into the cowhouse, and seizing a teat, I pulled off
quickly the cotton-wool capand pushed the marrow point into the
duct of the teat.. Holding it firmly in this position T milked into the
test tube until sufficient milk had been obtained. I then drew away
the test tube from the little tube, pressing in the cotton wool around
it as I did so, until the latter was entively withdrawn from the test
tube.

¢From the test tube I charged ten empty pure tubes’ (in the manner
deseribed under urine), ¢and resealed their capillary orifices : of these
ten tubes three remained unchanged, the milk remaining perfectly
normal as regards taste, reaction, &e. The other tubes curdled or
putrefied in ten days.’

! Zoo. cit.
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The method deseribed here is imperfect, but the fact that
three tubes remained unaltered absolutely demonstrates that
the cause of the fermentation is nothing inherent in the milk
itself, but something which it acquires after it leaves the body—
that something being particulate, not gaseous.

My. Lister ! describes several series of experiments performed
with the same aim. In one of these he succeeded in preserving
the milk unaltered.

A number of little tubes were covered with glass eaps and shades,
and puvified in the usual manner. After a rainy day he washed the
udder of a cow and the hands of the milkman with water. A
wide glass tube connected with an elastic tube was then placed under
the nipple (the glass tube had been heated and the elastic tube
boiled). This was filled with milk, and then each little tube in suc-
cession had a small quantity introduced by relaxing the elastic tube.

Of twenty-four tubes so prepared and charged two remained
permanently pure. The resultsin the other tubes equallydemon-
strated that the cause of the fermentation of milk is not inherent
i the milk, for the milk in each nnderwent a different change.
These experiments will be more fully considered at a later
period.

While in the Shetland Islands in the summer of 1880 I
performed a series of experiments, which consisted in obtaining
the milkk under the. protection of a spray of earholicacid. A
number of flasks with cotton caps and long necks were heated
before leaving London. The udder of the cow and the hands
of the milkmaid being washed with carbolic lotion (1-20), the
flasks were uncorked and filled with milk mmder the spray-.
In dping so the mouth of the flask was held as close as possible
tothe teat. The cow was restive and would not allow me to do

the milking, and therefore the experiment was performed by
the milkmaid, When the restiveness of the cow, the inex-
perience of the milkmaid at antiseptic work, and the dark and
dranghty eowhouse are taken into account, it will not be sur-
prising that the milk in a considerable number of the flasks
fermented; but nevertheless evidence was got, of the same
kind as that obtained by Dr. Roberts and Mr. Lister, sufficient

U Microscopical Jowrnal, 1578,
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to disprove the existence of a ferment in the milk when with-
drawn from the body.

In order to transfer these flasks to London I had intendzd
to draw out and seal their necks, but I found this impossible,
and therefore I soaked pieces of cork in carbolic lotion, inserted
them into the mouth of the flask, and covered them with tar
—avery inefficient method. During the voyage the milk was
much-shaken, and some of the eorks proved inefficient, as shown
by the leakage of the milk.

The following are the experiments, with their results :—

Frrst EXPERIMENT.

August 5, 1880,—The udder and teats of thecow and the hands
of the milkmaid having been washed with 1-20 carbolic lotion, anda
small spray heing directed as well as possible over the part, eight
purified long-necked flasks were filled with milk, the milk being
drawn divectly into each flask, which were held as near the teats as
possible. = Hash flask was re-covered with its cotton cap, and they
were then placed in the uprightposition in a warm room.

Argust 8.—The milk in‘these flasks seems tnaltered. Thereis a
little cream .on the topin each:

August 10.—Ditto.

Awgust 24.—FKonrof the flasks have undergone change, the change
varyingin nature in each flask. . The other four are perfectly finid
and present, the appearance of pure milk.

‘ To-day the corks were inserted.

September 21 (twenty-three days afier the transport to London).—
Only two flasks now rvemain pure, the other six having undergone
alterations of various kinds.

October 27.—EBxamined. The milk in two. flagks is perfectly

normal.

The result of the first experiment was, that after nineteen

days four of the milks had undergone alterations of various kinds,
while four remained apparently pure.. On October' 27—.6.
after two months and twenfy-two days—two milks were still
perfectly right, in spite of a sea voyage and great disturbance.

MILK: MY OWN EXPERIMENTS.

SecoNd EXPERIMENT,

(a) August 10.—Two flasks were filled after washing the udder of
the cow and the milkmaid’s hands with ecarbolic acid (1-20). No
spray used.

Auwgust 24.—The milk in one of these flasks has undergone altera-
tions ; the milk in the other is perfectly pure.

September 21.—Both milks have coagulated and are undergoing
changes.

(b) August 10.— After the spray employed in experiment (¢) had
heen stopped, two flasks were filled without it.

August 24.—1 am doubtful whether these are pure or not; I think
they are not.

September 21.—Changes have oceurred in both.

(¢) August 10.—Seven flasks were filled under the spray as usual.

August 24.—Three of these milks have altered ; four are still
apparently pure.

September 21.~Three still remain apparently. pure: four have
undergone change.

October 27.—~BExamined. Three still pure.

On December 24 T opened one of these flasks, and found a slightly
suaty smell but a perfectly sweet taste, and the milk presented the
appearance of normal milk. I examined it microscopically—no
ovganisms.. I have stained some specimens of this milk (Plate V.
Fig, 33), and it will be seen that no organisms whatever are present,
and this in unboiled milk kept for more than five months.

The result here is that three out of seven of the flasks filled
under the spray have remained permanently pure, while all of
those filled without the spray have ultimately undergone
fermentative changes.

Tairp EXPERIMENT.

(@) Auegust 16.—One flask filled without spray and without previous
application of carbolic acid to the hands or teats.

August 24 —This milk has coagulated.

() dugust 16.—One flask filled without the spray and without
washing the teats with carbolic acid. The hands of the millimaid,
were, however, purified.

August 24— This milk has undergone fermentation, having

separated into two layers—the upper. clear, the lower thick but not
coagnlated.
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(¢) Awugust 16.—Two flasks were filled without the spray, but after
washing both the teats and the hands with carbolic lotion.

August 24.—One of these is doubtful, the other apparently un-
altered.

September 21.—Rermentative changes are occurring in both.

(d) August 16,—Six flasks filled under the spray as usual.

Awqust 24— All these are apparently unchanged.

September 21 —Four have undergone some fermentative changes.
One is doubtful. One is still pure.  Three of the corks have nof
fitted perfectly.

October 27.—Examined.  One still pure.

The whole result is, that of twenty-one flasks filled under
the spray, six remained permanently unaltered, and that after
having been exposed in a manner which sufficiently explained
the oceurrence of fermentation in some of the others.

Up till August 24th no less than fourteen of these milks had
remained apparently unchanged, while similar specimens taken
without any precautions had undergone alteration.

I have still in my possession (June 1881) four of these
six flasks;and the milk in-these still remains perfectly pure
and free from fermentative changes.

From all the facts narrated I think it is absolutely certain
that milk has no inherent tendency to undergo fermentation
of any kind, and that the cause of the fermentation is mot
the gases of the air, but solid particles which the milk meets
with after it is drawn from the cow.

V.—Eqgqg Albwmen.

The difficulty experienced by Schroeder in preserving boiléd
white and yolk of eggs will be remembered.

Van der Broeck introduced an egg into the mercury ar-
ranged as formerly described, broke the shell with a heated
iron rod, stirred up the contents with a similar rod, and then
allowed them to -ascend into the glass. ‘This egg albumen
remained pure, even after subsequent addition of oxygen or
of filtered air.

Gayon! found that some eggs may be preserved unaltered,
while others undergo change. He supposes that in the latter

Y Comptes Rendus, 1xxvi. 1xxvii.
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case the causes of putrefaction entered as the egg passed through
the oviduct. Such an idea is, however, hardly tenable.

Roberts has shown by experiments similar to those pre-
viously described that egg albumen has no inherent tendency
to undergo fermentation.

He proceeded in the following manner :—HEight sterilised tubes
were prepared containing pure water. ‘A fresh egg was fixed in a
convenient support, and a small piece of the shell was chipped off,
care being taken to leave the subjacent membrane uninjured ; then a
sterilised bulb was taken, and the capillary portion immersed for a
few seconds in boiling water, in order to destroy any adherent septic
particles. The sealed end was then rapidly snipped off and the
capillary portion plunged into the interior of the ege. About 2 gm. of
the albumen were then sucked up by the mouth into the bulb. 'When
this was accomplished the bulb was quickly withdrawn and its capil-
lary end sealed in the flame.’

Six of these eight tubes remained unaltered for seven months.

Of a second series of seven tubes similarly charged and kept for
two months, five remained unaltered. That is, of fifteen tubes filled,
eleven remained pure.

[ may refer to an experiment which I did for another
purpose, aceepting as true the view that egg albumen had no
inherent tendency to undergo fermentation, and which proves
the truth of that view.

On July Tth, 1880, I took four purified heakers and four fresh eggs.
These egas were washed with carbolie lotion (1-20), and were then
broken, one into each heaker, under the spray.

One of these beakers was covered with its eotton cap, and placed in
an ineubator kept at the temperature of 98° F,

On July 20th no change whatever had ocemrred.  The other flasks
were used at once for various experiments. Into one a special form
of organism was introduced, and here only this one form of organism
developed, with the production only of a special kind of fermentation.

Henee ‘egg albumen has no inherent tendency to undergo
fermentative changes.
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VI.— Vegetable Tissues.

Dr. Roberts has also experimented on the solid tissues of
the turnip, potato, orange, and tomato, with similar success.

The following is his method for turnip :—

A sterilised tubs containing water was nicked witha file near the
base of the capillary part, where the tube had a diameter of about two
millimétres, A fresh oblong turnip was then fractured across, and
the tube, snipped off at the nicked point, was quickly thrust into the
substance of the turnip. A narrow cylinder of turnip about an inch
long was thus forced into the column of water in the tube. The tube
was then detached, and its end sealed with melted gealing-wax.! Of

14 tubes thus charged with turnip 10 were successful ;

» % potatoes 4 3

)
> s orange 8 L,

8
3

tomato 3 5

» 33
Ferments which induce changes after death are therefore
ot present in living vegetable tissues.

VIT.—Animal Tisswes.

Some years ago experiments were made by Billroth ! and
Tiegel 2 with the view of ascertaining whether the living tissues
did or did mot contain the causes of putrefaction. Having
killed an animal, they opened its body rapidly, and removed with
heated implements various portions of tissue such as liver,
spleen, kidney, &e., and immediately dropped this into heated
paraffin. - They supposed that by this means any dust which
fell on the tissue in its transit from the body to the flask would
be destroyed by the hot paraffin, while this heat, would mot
penetrate into and act on the interior of the tissue. At the
same time the organs would be protected from air or dust by the
paraffin.

They found . that many portions of \the hody preserved il
this way, notably the liver and spleen, underwent putrefaction
rapidly, and they therefore concluded that the causes of this
putrefaction were present in the living blood and tissues.

V Coccobaeteria seplica. 2 Virchow's Arehiv. 1x.
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These experiments were repeated by Dr. Burdon-Sanderson,
who obtained similar results and adopted the same views.

If, however, we look at the method, we shall find several
objections to it. Thus, heated paraffin must be looked on as
dry heat ; it does not moisten solid particles in contact with it.
Now it has been shown that dust, if kept drvy, may be heated
even to 300° F. without losing its power of causing fermenta-~
tion, Further, paraffin solidifies at about ‘136° ;, or even
lower, and therefore paraffin, merely at its melting point, is né;t
likely to be hot enough to destroy all septic particles. Further
during the cooling of the paraffin heavy particles of dust mu\,,'
fall into it and sink on («.,) the tissue. Then, also, on the si:_IL;s
;\)11(}1::;:1((’;1;1(1(;f the vessel is coarser dust, which likewise may not

But, again, paraffin is very apt to crack, and after cooling
small eracks may oceur which admit moisture and dust. 'l':
obyiate this risk the paraffin has been covered with oil ; but evel-l
here the oil becomes laden with dust and passes down throngh
the cracks. :
; And, l]nst]y,lt‘]‘w kniﬁ]*, before dividing the tissue, compresses

e vessels and forees the blood ¢ " them, and thus, w
these vessels are cut, air is Slm"iw;”iﬁl O-tuﬂlttlllj"'df“']' th““a'.“h_“n

‘ :Ke 5 € AN1s air carries its
dust with it quite out of reach of the heat of the paraffin.

. In D.c(:cmber 1877 I commenced a series of experiments on
this subject, and these have been continued at intervals since
that time.

. "l:lle fivst e'.\'pm'.imentv was an imitation of those of Billroth

:;l;lﬂitzi::lle(::]li it )1‘1il}lillf()lllllL:l 'zl}ltiSfjllxt,ifr:xl]y Dy ;n}d yich‘]}"(l
g results. s the: liver and kidney putrefied, while

the spl‘cen, muscle, and. mesentery remained unaltered.

B e e

arived at in some other ‘\\"1;' The fi lLl ’“ﬁ uflj‘)}l, mlght- H-Ut bU-

e Ep 1.,' R 1 - 17 ollowing is a description of
0 1ave-employed :

. ixll 1’1{;1‘1’11:;01' of beakers, each provided with a cotton cap, were puri-

ed b at. 8 rhat after - ister i

i ty Glf,, .\Om(’,\\‘]‘{dt‘tﬂbl Mr. Lister’s method, and into each vessel

: u 011@-1\01}111'1.]1 of its volume of pure turnip infusion was introduced

rom one of the double-necked flasks (Fig 6 Thi i

g ol necked flasks (Fig 6, p. 19). This was done under
spray, and the cotton caps were then reapplied. These beakers

= . = o1 A
vt —— .
e b i~




44 THE PARTICULATE THEORY OF FERMENTATION.
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the turnip, potato, orange, and tomato, with similar success.

The following is his method for turnip :—

A sterilised tubs containing water was nicked witha file near the
base of the capillary part, where the tube had a diameter of about two
millimétres, A fresh oblong turnip was then fractured across, and
the tube, snipped off at the nicked point, was quickly thrust into the
substance of the turnip. A narrow cylinder of turnip about an inch
long was thus forced into the column of water in the tube. The tube
was then detached, and its end sealed with melted gealing-wax.! Of

14 tubes thus charged with turnip 10 were successful ;

» % potatoes 4 3

)
> s orange 8 L,

8
3

tomato 3 5

» 33
Ferments which induce changes after death are therefore
ot present in living vegetable tissues.

VIT.—Animal Tisswes.

Some years ago experiments were made by Billroth ! and
Tiegel 2 with the view of ascertaining whether the living tissues
did or did mot contain the causes of putrefaction. Having
killed an animal, they opened its body rapidly, and removed with
heated implements various portions of tissue such as liver,
spleen, kidney, &e., and immediately dropped this into heated
paraffin. - They supposed that by this means any dust which
fell on the tissue in its transit from the body to the flask would
be destroyed by the hot paraffin, while this heat, would mot
penetrate into and act on the interior of the tissue. At the
same time the organs would be protected from air or dust by the
paraffin.

They found . that many portions of \the hody preserved il
this way, notably the liver and spleen, underwent putrefaction
rapidly, and they therefore concluded that the causes of this
putrefaction were present in the living blood and tissues.

V Coccobaeteria seplica. 2 Virchow's Arehiv. 1x.
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These experiments were repeated by Dr. Burdon-Sanderson,
who obtained similar results and adopted the same views.

If, however, we look at the method, we shall find several
objections to it. Thus, heated paraffin must be looked on as
dry heat ; it does not moisten solid particles in contact with it.
Now it has been shown that dust, if kept drvy, may be heated
even to 300° F. without losing its power of causing fermenta-~
tion, Further, paraffin solidifies at about ‘136° ;, or even
lower, and therefore paraffin, merely at its melting point, is né;t
likely to be hot enough to destroy all septic particles. Further
during the cooling of the paraffin heavy particles of dust mu\,,'
fall into it and sink on («.,) the tissue. Then, also, on the si:_IL;s
;\)11(}1::;:1((’;1;1(1(;f the vessel is coarser dust, which likewise may not

But, again, paraffin is very apt to crack, and after cooling
small eracks may oceur which admit moisture and dust. 'l':
obyiate this risk the paraffin has been covered with oil ; but evel-l
here the oil becomes laden with dust and passes down throngh
the cracks. :
; And, l]nst]y,lt‘]‘w kniﬁ]*, before dividing the tissue, compresses

e vessels and forees the blood ¢ " them, and thus, w
these vessels are cut, air is Slm"iw;”iﬁl O-tuﬂlttlllj"'df“']' th““a'.“h_“n

‘ :Ke 5 € AN1s air carries its
dust with it quite out of reach of the heat of the paraffin.

. In D.c(:cmber 1877 I commenced a series of experiments on
this subject, and these have been continued at intervals since
that time.

. "l:lle fivst e'.\'pm'.imentv was an imitation of those of Billroth

:;l;lﬂitzi::lle(::]li it )1‘1il}lillf()lllllL:l 'zl}ltiSfjllxt,ifr:xl]y Dy ;n}d yich‘]}"(l
g results. s the: liver and kidney putrefied, while

the spl‘cen, muscle, and. mesentery remained unaltered.

B e e

arived at in some other ‘\\"1;' The fi lLl ’“ﬁ uflj‘)}l, mlght- H-Ut bU-

e Ep 1.,' R 1 - 17 ollowing is a description of
0 1ave-employed :

. ixll 1’1{;1‘1’11:;01' of beakers, each provided with a cotton cap, were puri-

ed b at. 8 rhat after - ister i

i ty Glf,, .\Om(’,\\‘]‘{dt‘tﬂbl Mr. Lister’s method, and into each vessel

: u 011@-1\01}111'1.]1 of its volume of pure turnip infusion was introduced

rom one of the double-necked flasks (Fig 6 Thi i

g ol necked flasks (Fig 6, p. 19). This was done under
spray, and the cotton caps were then reapplied. These beakers
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were placed in an incubator, and kept at a temperature of 98° F. for
three or four days, At the end of that time the turnip infusion was
clear and unaltered, and the flasks were therefore considered ready for
use.

On January 6th, 1878, four beakers having been thus prepared, and
six beakers containing melted paraffin being also at hand, a healthy
rabbit was used for thie following experiment.

The skin and hair of its abdomen having been thoroughly washed
with 1-20 carbolic lotion, the animal was killedby a blow on the back
of its neck, and the abdominal cavity was rapidly opened, under a fine
spray of carbolic acidswith purified and heated instruments. Portions

of its organs and tissues were
rapidly cut out and intro-
duced into the beakers,
which were opened in the
.,\'])]'ﬁv}".

[nto the four vessels
containing the pure turnip
infusion  portions of liver,
spleen, kidney, and muscle
rospectively —were intro-
duced, and the caps having
been reapplied while the
flasks were still in the spray,
they were then placed in an
incubator (see Fig. 14).

Into the six flasks con-
taining melted paraffin por-
tions of liver, kidney,

spleen, muscle, mesentery, and vena cava, with its blood, were dropped
also under the spray. The paraflin was- left to solidify, and the
vessels were then placed'in the incubator.

All those portions of organs introduced into the turnip infusion
remained permanently pure and free from putrefaction.!

Of the paraffin beakers, two (muscle and vena cava) remained
without, change; while the other four (liver, spleen, kidney, and
mesentery) putrefied.

In this experiment we have in the first case a series of

i\ On December 24, 1880, T killed a rabbit and preserved its organs in the
way described here. Fig. 34, Plate V., is drawn from a specimen taken from
the beaker containing the spleen, and stained. It will be seen that no organ-

isms whatever are present.
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beakers heated so as to destroy the activity of the dust adhering
to them, and that this was effectually done was proved by th:-
fact that the turnip infusion introduced into them ulu‘le;\\'clnt
no change, although, as has been amply shown in the fore-
going experiments, had ordinary unheated dust been present
this infusion would have undergone fermentation. :

Further, the portions of the tissue are transferred from the
hody to the beaker without the possibility of acquiring living
dust, for, as we have seen before, a spray of carbolic uci:l in 1\;31
ordinary atmosphere is able to destroy the fermenting power of
the dust. Such being the case, if the tissue, taken with all pre-
cautions undergo putrefaction, it is possible that the causes of this
fermentation were present in it while in the living body—the
degree of probability depending of course in great ‘measure on
the known skill of the experimenter. But if no change occurs
it is proof positive that there were no causes of (~11;1no'o0 1:1'05*(-11-1,
inthe body. Inether words,as these unboiled rissup: re-mail@(ll
unalfered, it is quite certain that they have no inkerent tendency
to undergo fermentation even when freely exposed to air. .

I used the twnip infusion partly because I wished to know
\’\‘hct.hm" the beakers had been thoroughly purified, and partly
i order to keep the tissues moist, for T had found in a former
experiment that they dried too rapidly in the epen-mouthed
vessel if mo fluid were present. Since that time I have I.ISL’(-I
cucumber fluid, as being more putrescible. .
‘ Further, by the use of these infusionsthe conditions fayour-
ing fermentation are greater, for we have here a hoiled highly
putrescible infusion of turnip, and an unboiled, if 1)().\‘.\‘“}1(*:1”"]
more putrescible, infusion of meat, as well as the meat itsélf. It.‘
werd hardly possible to provide more favourable conditions for
fermentation. Nevertheless no change oceurred.

I may here point out the light thrown by these experiments

on the cause of the want of success in the paraffin experiments
In the first attempt which T made with the paraffin ;iny of tl;-;
.'\‘U]_llh_).su‘d causes of failure might have been in n,l])el“diin;‘], but in
the .';‘XPE'I'il'm?]'ll just, narrated the entrance of air Ill([t;ll with
S'.""m dust into the blood-vessels is excluded because the opera-
flon was done in a spray of carbolicacid. Therefore the failure in
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the four vessels must have been due to dust in the paraffin, or
to eracking of this after solidification. ' .

Jut, it may be said, the absence of putr('fnch.nn in the

beakers was due to the action of the carbolic acid on ’fhe
tissue. This, however, is mot the case, for the following
reasSOns t—
p I‘l: a preliminary experiment 1 l.<'311('hf*.c‘l the f)lltSl'(lL“Of ('.].1(.'
flask (which was of eourse covered with n'nl'»ur(:-.(lusf) with one
of the portions of the tissue, and :1fte1'w.;u'(l>' introduced fhls
piece into the flask, and in it putrefaction u('(‘llﬁ'g(l rapidly,
Again, the faet that four paraffin flasks ‘\\'cm ‘\\‘rong (the or gnn's
being there also subjected to the action of the spray) .:'hm\;s
t,‘.mthf.his had no influence. Again, when. the gall-hln’(ldﬁ_-r is
wounded fermentation often oceurs. This latter fact is illus-
trated by the following experiment :—

A medium-sized rabbit was killed by a blow on the nape of (h'e
neck. The abhdomen had been washed beforehand with 1-20 earbolie
acid lotion, and was now rapidly opened under the spray. Tn'to seven
beakers containing pure cucumber infusion; two pieces of liver, ong
piece of kidney, one piece of spleen, one of 1.11\15010, and one of
mesentery were introduced. In cutting oub the liver the gall-bladder
was injured. .

Fu;u' weeks later; five beakers were unaltered, the two which had
fermented beine those containing the pieces of liver, which indeed had
undergone fermentation within twenty-four hours.

T have since met with several similar instances,

Further, if putrid matter be injected into the jugular vein
of the animal a few minutes before death, all the tissues re-
moved and preserved in the manner deseribed undergo puties
faction. . :

I have repeated these experiments many times with like
results,! and I therefore conclude that the tissues of the healthy

! On'two oceasions T have found that the apparently healthy living. tissnes
preserved by the method hbefore described, underwent fur{uentutluu m:d.
orcanisms. developed in thiem. Tn one case the kidney alone’of all th_c Orgass
f:’Li{t.‘]], and in another both kidney and liver, underwent f(‘]‘“lf‘lilill!(ﬂ‘. witli
development of organisms, and as I was very careful }n performing .l]x(' (~.\:p?-
riments, I do not think that this could have oceurred from any error in c.\'!»:n-
mentation, and therefore I conclude that the causes of f(‘l‘llli,‘l'll[lliu.ll (uu‘(iw
organisms, as we shall afterwards see) were present in the healthy circulating
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living body, like the fluids, contain no ferment eapable of causing
purr(»‘ﬁwtiml after death, and remain pure in flasks so long as the
dust of the atmosphere is excluded. (Insome instances the heart
with its contained blood was also removed, and remained, like
the other tissues, unaltered. Rabbits and cats were the animals
used for the experiments.)

Somewhat similar experiments were published in 1878 hy
Chiene and Ewart, and they yielded similar results.!

Quite recently,® Rosenbach mentioned experiments on this
subject performed by Meissner. Meissner was able to preserve
the internal organs of cats and rabbits in contact with hoiled
water and pure air, for two to three years, without the oceur-
rence of any putrefactive change. He was also successful in
preserving the blood of mammalia, human urine, and goat’s
milk. The experiments were done with strict aseptie precau-
tions, and led him to conclusions similar to the above.

Such, then, are the chief facts at present known with regard
to boiled and unbeiled fluids and tissues. We shall add much
tothem, and to the support which they give to the views here
expressed, when we come to consider more minutely what is
the nature of the particles which cause putrefaction.

On reviewing the mass of evidence before us we have it dis-
tinctly shown that boiled fluids and tissues have no inherent
tendency to undergo fermentativechanges; that oxygen, whether
pure, naseent, or mixed with nitrogen in the proportions present
in air, cannot, cause fermentation, if only the air be previously
passed through such a liquid as sulphuric acid, be heated
stronglys be  filtered. through cotton wool, be ‘made to enter
very slowly ‘into the flask containing the fluid or allowed to
deposit its dust hy gravitation, or be previously acted on by
carbolie acid. '

blood. That an organism may he present in an active stafe in the cifgilating

blood need not be a matter of surprise, and need not therefore Tead us to the
‘?fJ"Plllsirxll that they are always or even generally there, especially as one
«fmt-’]" organism would be sufficient to account for the result in each of these
lstances. It is indeed surprising that organisms which must now and then
enter the blood are so rapidly and surely destroved,

" Jowrnal of A natomy and Physiology.

* Deutsole Zeitsehrift fior Chirwrgie, xiii. 344.
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Thus the material in the air which causes putrefaction is
not a gas, for that would be continuous, and would not be re-
movable by filtration or by rest; but it is something discon-
tinuous, something heavier than air, something particulate.
These particles may be deprived of their power of causing
fermentation by the action of chemical substances, such asg
sulphurie and carbolic acids, and also by being subjected to a
high temperature.  As they are completely destroyed by heat
(as shown by Tyndall), they are probably of an organic
nature.

And it is not' that by boiling these fluids an inherent
tendency to ferment has been destroyed, for, as we have seen,
they possess no such inherent tendency. For not only do
unboiled fluids and tissues outside the body fail to putrefy
when protected. carefully from dust—they also undergo mo
change, as indeed necessarily follows from the foregoing, when
confined in mnatural or artificial cavities in the living' body:
Who is not acquainted with the hehaviour of blood when ex-
travasated into the tissues or cavities of the living body so long
as it is not exposed to theouter world - ‘We all know what
a/ large amount of effused blood may he present about the
ends of a fractured bone without decomposition occwrring in ity
and the same is the case in the hemorrhages into joints in
hemophilia, hemorrhages within the skull, &c. And we alseo
know what frequently happens if we cut into any of these
extravasations and admit dust-laden air into them. The blood
which we found odourless, and it may be clotted, may become
in a few hours a foul-smelling liquid ; it has, in fact, putrefied,
just as it may do when kept in a flask without. exclusion of dust.

And just as in the case of blood, so with other fluids. Hy-
drocele and serous effusions remain unaltered so long as they
are kept from the dust. Examine the pus from a chronie
abscess, and even though that abscess be connected with carious
bone, it will be found to be odourless and. bland, and if carefully
received into pure flasks, will, just as in the case of blood,
remain odourless and apparently unchanged for an indefinite
length of time. (I shall give later on the explanation of the
cases where the pus of acute abscesses, when let out, is found to

have a foul smell, as is sometimes the case in acute NeCrosis. )
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And not only is this the case with fluids, it is also the case
with tissues in the living body. In a fracture many portions
of the tissue are cut off from their vascular supply, or killed by
the violence causing the injury,and yet they do not decompose ;
they are not separated as sloughs—they disappear by absorption.
Yci if the same injury be not subcutaneous and the injured
parts be exposed to ordinary air, they putrefy, and come away in
a few days as sloughs.

So in infarcts in internal organs, the tissue in the region of
the infarct dies, but does not putrefy—does not slough ; while
when death of the integuments occurs, putrefaction and slough-
ing follow, for here the dead tissue is exposed to the dust of
the atmosphere.

Similarly, in the case of wounds, when a piece of skin is cut
away and an open sore is left, the blood and serum which col-
lect in that sore ferment, in all probability putrefy, because the
air admitted to them was not heated air, not filtered air, was
air which had not been acted on by suitable chemical sub-
stanees.

The canses of fermentation are therefore solid particles, pro-
bably of an organic nature, which are present in varying quan-
tities in the swrrounding air, and which are deposited as dust
on all surrounding objeets.

It is thus evident that in order to prevent putrefaction it is
only necessary to prevent the access of these particles, or, if
this eannot. be done, to destroy their fermenting power in some
way or other before they reach the wounds—as, for instance, by
the use of carbolic acid.

It is on this principle that Aseptic Surgery,’ as introduced
by Mr. Lister, is based.

' The term * aseptic’ is the best to indicate this form of antiseptic surgery,
because, as we shall see, there are many different forms of treatment which
tome under-the term “antiseptic,’ while this is the only one-which can truly
bear the mame *aseptic?  In other words, there are many methods by which
the occurrence of putrefaction is more or less interfered with, but they all act
0na more or less imperfect principle, with the exception of that introduced
by Mr. Lister, which, founded on a frue prineiple, attains the ideal of results
—viz. a complete absence of putrefaction—an asepsis. His methed, tken, is
best designated by the term expressing its result—Aseptic.

E 2
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CHAPTER IIT.
ASEPTIC |SURGERY—MATERTALS EMPLOYED.

Problems to-be-solved in order-to keep a wound aseptic : Carbolic acid—
Carbolic lotions~ Puwre carbolic acid— Solutionin metiylated spirit—ecarbolis
oil—Carholic racid and glycerine : Spray producers: Catgut— Carbolisid
catyut—Mr. Lister's| carbolised. chromic catqut—Dr. Macliwen's chromie
catgut— Catgut trough and pocket case: Carbolisedsilk: Protective : Carbolie
gauze— Composition—Mcthod) of preparation—Von Bruns’ gauwze: Mac-
intosh : Sponges: Boracic acid—DBoracic lotion—Borvacic lnt—DBoraci
ointment y Salieylie acid—Salicylic acid ¢ream—=Salicylic cintment: Chlo:
ride of zinc : Todoform : Carbolised cotton wool.

ASEPTIC. surgery is based on the prineiple first enunciated by
Mr. Lister, and indicated im the preceding pages; viz. the
exclusion 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, &ec., cannot possibly
oceur.

The problem which: Mr. Lister sought to. solye may be
shortly stated as follows :—

On all objeets in the external world septic dust ispresent—
on the skin of the patient, on the hands of the surgeon and
his assistants, on all instruments, in water, in the air, &c.:
and when a wound is made any introduction of this dusf
must be carefully ayoided. 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 af
each change of this dressing the problem is the same as it
the time of infiiction of the wound. Such being the guestion
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at issue, I must now proceed to the modes in which it has been

answered.

I shall first enumerate the substances employed in aseptic
surgery.

CarsorLic Acib is the antiseptic employed to destroy the
particles in the air and ou surrounding ohjects which give rise
to putrefaction. It is obtained in the solid state and of ex-
treme purity from Bowdler and Bickerdike, Church, Lancashire,

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 n 40; one part of erystallised carbolic acid dissolved in
20 or 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

olly 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 ds thus not so potent for producing an instantaneons effect.

Undiluted Liquid Carbolie Acid may in some cases be
required. This is obtained by liquefying the erystals by the
addition of a few drops of water. - This is chiefly used for
injecting:mzevi, varicose veins, &e. ’

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 in various proportions, generally
lin 5, 1in 10, and 1 in 20, consisting of carbolie acid mixed
with olive oil in the foregoing proportions.

Carbolic il 1-5 is but rarely used, though it is oceasionally
fipplied as a dressing to foul wounds, for the purpose of purify-
ng them. * Tt is chiefly known as the solution in which catgut
18 permanently preserved.

Carbolic 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-




54 ASEPTIC SURGERY—MATERIALS EMPLOYED.

struments before introducing them into the bladder. Carbolia
acid of this strength does not seem to be too irritating for the

F16, 15— AND SPRAY PRODUCER.

mucous membrane of the urethra, while it apparently seeures
against the introduction into the bladder of matters which are
capable of causing putrefaction.
There are various objections
* to these oily dressings. The chief
are, that the carbolic acid is very
rapidly washed out by the dis-
charge, and that they are wvery
dirty, and soon spoil india-rubber
tissues.
The latter disadvantage is got
rid of by the use of earbolic acid
and glycerine in the proportions

Fia. 16.—THE ORDINARY STEAM o~ ) . * J
8PRAY PRODUCER. of 1=5 and 1-10. This is now

employed as a dressingin the cir-

cumstances in which the oil has been generally used.
A spray of carbolic acid is generally employed in order to
puwrify the atmosphere. This is obtained by driving a rapid
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emrent 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
yacuum is produced in the vertical tube, and the fluid at its
lower end rises, and is expelled from the orifice in l,h(j forn'1 (.)f
spray. We haye two forms of spray: one in which air is
spray. )

FIG. 17.— STEAM SPRAY PRODUCER, SHOWING THE LAMP AT PRESENT
IN USE,
- : o re g e e oo stal attachod. How central tube
It cousists of a small flame, which pla m a plate of metal attached to a ho B wiol
containing a wick, and perforated by at the top. The heat is cmnmﬂhl(:utml to the \\l1lc}:
= Spirit wolatilises, and burns as it o apes from the top of the tube. The ]“’].‘i 13 ﬂ;c,],' :vtIL
allows the flame of the small wick to pass up and light the spirit vapour, wlich passes out through

the holes at the top of the centei) tube,  Thecap, which is placed over tlhn- lamp when not in use,
anill the Doiler ana vessel for thie carbolio acid, sre indlcated by dotted lines.

driven over the vertical tube—hand or foot sprays; and the
other in which steam is employed—steam sprays. The hand
or foot sprays produce a somewhat coarse spray, and the. force
required is such as soon to exhaust the individual employed.
They are therefore very uncertain implements, and have now
entirely given place to the steam sprays, where there is a steady
current as long as the water in the boiler lasts. When the
hand sprays ave employed 1-40 solution is placed in the bottle.
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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.

[ meed not deseribe here the steam spray apparatus, more
especially as it can be easily obtained, of Mr. Lister’s pattern,
from David Marr, 27 Little Queen Street, Holborn. These
sprays-consist of the following parts :—A boiler which (‘,(.)ll(‘dil.ls
\\';\t(;r, and which is heated by a spirit lamp placed beneath it.
The steam issues through a tube placed at an angle to another
more upriglit one, throngh which the earbolie acid lotion 1-20,
glass
retort, <is’ sucked up. This

which is. placed in the

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 be-
coming choked up by eoarse
particles. These sprays are of

Fig. 18- ARGH STEAM SPEAY PRO- various sizes, and the largest
DUORR WITH DOUBLE NOZZLE FOR

ones have two nozzles, which
OVARIOTOMY, ETC,

may be used singly, or fp-

ether where the field of operation is large as in ovariotomy.
The catgut used for tying the vessels is prepared in the
following manner :—Ordinary catgut as “obtained from the

o
o

shops, when introduced into blood-serum, soon swells up and
becomes weak. - At-the same time it is very slippery, anda
knot will not hold; and when placed in the tissues it very
rapidly becomes absorbed. With the view of obviating these
defeets it is prepared by placing it in a solution of carbolic acid
in oil (1-5) with a very small quantity of water (10 per _cent.)
diffused through the oil. | As the water ultimately falls to the
bottom, a few pebbles are placed on the bottom of the vessel, on
which the catgut rests. It does not then come in contact with
the water. As a rvesult of keeping it in this solution, the
catgut first becomes supple and soft, but afterwards harder and
firmer, and is then able to resist the action of the fluids and
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tissues for a considerable time. It is kept in this fluid for six
or eicht months, and is then transferred to the ordinary 1-5
oily solution. The longer it is kept in this solution the better
it becomes. The rationale of this method will be found in
Mz. Lister’s paper in the ¢ Lancet ’ of Feb. 5, 1881.
Quiterecently ! Mr. Lister has published a newmethod of pre-
paring catgut, by means of which a stronger article is obtained,
and one notabsorbed nearly so soon as the old kind. It also
possesses an advantage over the old kind, in that it disappears
by erosion of the surface, and does not become infiltrated with
cells, as is the case with the ordinary forms. It thus remains
as a firm constricting band, till it is completely replaced by new
tissue. I cannot do better than quote Mr. Lister’s description
of the method by which this gut is prepared: ¢I dissolve one
part of chromic acid in 4,000 parts of distilled water, and add
to the solution 200 parts of pure carbolic aecid, or absolute
phiencl. In other words, I use a 1-20 watery solution of
carbolic acid—only that the carbolic acid is dissolved, not in
pure water, but in an exceedingly dilute solution of chromic
acid. But, minute as is the quantity of the chromic aecid, it
exerts, when in conjunction with carbolic acid, a most power-
ful effect: upon the gut. The first effect of the addition of
the carbolic acid to the chromie solution is to change its pale
yellow to a rich golden tint. But if the liquid is allowed to
stand without the introduction of the catgut, it changes in the
course of a few hours’'to a dingy reddish-brown, in consequence
of some mutual reaction of the two acids; and a considerable
amount of reddish grey precipitate is formed. If, however,
catgut about equal in weight to the carbolie acid is added as
soon as the ingredients are mixed, the liquid retaing its bright-
ness, and the only change observed is the gradual diminution of
the depth of the yellow colour; the precipitate, which T pre-
sume still oceurs, taking place into the substance of the catgut.
As sgon, therefore, as the preparing liquid has been made, cat-
gut equal in weight to the phenol is introduced into it. If
you have too large a proportion of catgut, it will not be suffi-
ciently prepared ; if you have too small a quantity, it may run
the risk of being over-prepared. At the end of forty-eight

} Lancet, Feb. 5, 1881.
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hours the chromic element of the liquid has nearly spent itself;
and precipitation is complete. The catgut is then taken out
of the solution and dried, and when dry placed in 1-5 earbolie
oil : it is then fit for use. . . . The preparing liquid causes
a certain amount of softening of the catgut, and if it is intro-
duced inloose hanks; this will-tend to produce a little uncoil-
ing of the twisted cord, and a still greater degree of uncoiling
will take place during drying. It is of very great importance
that this should not oceur, because ity involves weakening of
the thread, and that in different degrees in different parts; and
this may lead to the gut giving way when you subject it to
a strain. The catgut then should be prepared on the stretch,
both when it is put to soak and when it is put to dry.

¢I need not enter into'the mode in which this can be done
by the manufacturer. I may only say this, that the surgeon
who wishes to prepare it himself may do it in different ways.
For instance, he may take two large test-tubes, one a little
larger than the other; and he may wind the catgut on the
smaller tnbe, fixing one end by sealing-wax, winding it round,
and then bringing it up again, and fixing the other end with
sealing-wax at a higher level than the liquid will reach, putting
sufficient liquid. into the Targer test-tube, and introducing the
smaller test-tube with the catgut wound round it, with a little
shot to'keepit down in the liquid. After forty-eight hours, he
takes out the smaller test-tube, and leaves it till the catgut is
completely dry. I merely mention this as an illustration, and
also as furnishing a hint to some surgeons in private practice
who may desire to prepare the catgut themselves; or a coupleof
gallipots; one larger than the other, will do just as well, But;
as I have said; the principal uncoiling takes place during drying;
and for all ordinary purposes a sufficiently good article is got by
putting the catgut loose into the liquid, and making it dry on
the stretch by tying the ends of each hank to two fixed points
in a room.” Erosion of this catgut does not begin till'about &
fortnight after its introduction into the tissues.

Dr. MacEwen has lately brought forward a somewhat
different method of preparing catgut.)! ¢These ligatures are
prepared by making, first, a watery solution of chromic acid, one

v British Medical Journal, Jan. 29, 1881,
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to five ; then one part of this solution is added to twenty of

glycerine. This forms a dark greenish compound, in which the
hanks of catgut are inserted and retained for seven or eight
months, the hnH.l('. c?ontuining them being occasionally shaken.
At the end of this time the catgut acquires a semi-translucency,

and has a dark colour like preserved ginger. It is then ready

F1G6. 19.—TROUGH FOR CATGUT.

for mse, and 1~ stored in a solution of carbolic acid and glycerine
(oné to ten).” Tigatures so prepared begin to soften on an
average about the fourteenth day, and are more or 1
pletely absorbed the twentieth day.

1"; very com'f-xnwr‘xt method of keeping eatgut for use in
]lf)Splf:ll is to wind it round reels, say three, each holding a
different thickness of gut, which are suspended in :

€8s com-

a vessel

Fra., 20.—LISTER'S POCKET CATGUT HOLDER.

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

f'nnmining carbolic oil 1-5 (see Fig. 19). The lid of the box
1§ perforated with holes through which the ends of the catgut
pass 1S W { 1 t
Iss: In' this way the gut may he taken directly from the
oily solution without any trouble.

In order to have a & / ; i
order to have a supply of gut always at hand, Mr. Lister

has devige sate i
s devised the catgut holder shown in the accompanying figure

”“ia 9 m TlO : 3
N 20). The gut is wound on a reel which is carried in a
rer silver cas Tj : : . .

érman silver case. There is no necessity to fill this case with

’\ } '",I“l
()
| : "

Wy !
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carbolic oil, as is done by some surgeons. Sometimes the case
is combined with a caustie holder at the other end.

Carbolised Sill: is often used for sutures, and is prepared
as follows :—Nine parts of beeswax and one part of carbolie acid
are melted together. Silk thread of various sizes is steeped
for some minntes'in this mixture, till it is thoronghly impreg-
nated awith it. ~As the thread is taken out, it is drawn through
a’ cloth in order toremove the superfluous wax. The wax holds
the carbolic acid, makes the thread more useful, and fills up to
some extent its interstices, thus preventing it from becoming
soaked with fluids.  The carbolised silk thus prepared is kept
permanently in steppered bottles, or wrapped in carbolic gauze,
It must not be steeped for any length of time in the lotion
before being used, because the threads become opened out. If
the thread be properly kept, the interior is aseptic or even anti-
septie, and passing the thread through the fingers moistened
with carbolie lotien, or a momentary immersion in I-20 ‘car-
bolie solution, is sufficient to destroy any septic dust adhering
to its exterior.

I order-to protect healing wounds from the irritation of
carbolic agid a special material is employed termed the Profec-
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 rationaled

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 so, and therefore copal ‘varnish, which 13
almost absolutely impermeable to earbolic acid, is added. A,
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 moisténed the whole surface of the protec
tive remains iniformly wet.  The use of the carbolic acid'in
the dextrine solution is not to add any carbolic acid to the pro-
tective, 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 original carbolie
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acid flies off very quickly from the protective, leaving a material
containing no antiseptic in its substance.

Carbolic Gauze is the material generally employed as a
dressing to guard against the entrance of causes of f(‘]‘r;lﬁ‘ﬂt:lh'()l'l
into a wound after an operation. The gauze used is ordinary
fine unbleached tarlatan washed and dried. There are various
methods of impregnating this gauze with carbolic acid. T will
give Mr. Lister’s description of a simple method, which can be
used in any hospital, and which was recently employed during the
Russo-Turkish war for making fresh ganze in camps.! The
mixture employed for charging the gauze was originally one part
of carbolic acid, five parts of resin, and seven parts of paraffin,
Lately the formula has been changed to one part of crystallised
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. ¢In order to charge the gauze,
the paraffin and resin are first melted together in a water
bath, after which the acid is added, and blended by stirring.
The object mow is to diffuse this melted mixture equ:nliy
through the cotton cloth, and for this purpose two things :n"é
requisite, viz. that the cotton be at a higher t.empur:xtur; than
the melting point of the mixture, and that it be subjected to
moderate pressure after receiving it. The eotton cloth, a yard
wide, is cut into six-yard lengths, and these having been folded
so as'to he half a yard square, are placed in a dry hot chamber,
formed of two tin boxes placed one within the other, with an
mterval to receive water, which is kept boiling by fire or gas
beneath, the upper edges of the boxes ])l.‘]'l'lgV(Z‘“]ll'l(i'('f(.‘(_l ;‘m(_l
provided with an exit pipe for the steam. /There is also a
glass ‘tube arranged as-a gauge of the amount of the water,
and the chamber has a properly fitting lid The bottom of
the chamber is strengthened with an iron plate, to enable it

to bear the weight used for compressing the gauze. when
charged.  There is a piece of wood about two inches. thick
néarly fitting the chamber, covered with sheet lead, so as to
make it about as heavy as a man can lift by means of two
handles in the upper surface. The weicht is heated alone
with the cotton, and is put first into the chamber so as to 1«:;1\':1

! See Lanvet, March 13, 1875.

D A B ™

-




62 ASEPTIC SURGERY—MATERIALS EMPLOYED.

the cotton loose for the penetration of the heat, which occupies
two or three hours. The cotton when heated is taken out of
the chamber along with the weight, and placed in a wooden box
to protect it from the cold. (It would be better to have a
second hot chamber-for this purpose, since in cold weather the
cotton is apt to be too much cooled. in spite of the protection of
the wooden box.) The heated gauze.is then at once charged
with the melted mixture of earbolic acid, vesin, and paraffin, in
quantity equal to the weight of the cotton fabric (or slightly
less), and in order to diffuse the liquid as equally as possible, it
is’ sprinkled-over the gauze by means of a syringe, with a
number of minute perforations in its extremity, the body of the
syringe and the piston-rod hayving each a wooden handle to pro-
tect the hands of the workman from the heat. The syringe is
constructed to hold half the quantity of the mixture required
for charging one piece of cloth. One folded piece being placed
at the bottom of the hot chamber, its upper half is raised and
tarned aside, and one syringeful is sprinkled over the lower half.
The upper half is then put back into position, and another
syringeful thrown on. The Same process is repeated with all
the other pieces of gauze, after which the weight is put into the
chamber to compress the charged cotton, and the lid applied.
An hour or two are then allowed to elapse, to permit. the com-
plete diffusion of the liquid, when the material is fit for use,
The apparatus above described can be made by a common tin-
man for about 10/.” Fig. 21 shows the apparatus employed in
the Glasgow Infirmary.!

As the muslin is the dearest item in the gauze Mr. Lister
has suggested that. the. dressings should be washed and the
gauze recharged. The larger dressings are therefore kept and
sent back to the manufacturer, who washes and recharges them.
This recharged gauze can then be used as loose gauze in future
dressings.

In this gauze the earbolic acid is the only active agenty 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

! See ¢ Practical Papers on the Materials of the Antiseptic Method of
Treatment.! By George Beatson. Glasgonw Medical Jowrnal, March 1880.

CARBOLIC GAUZE. 63

onght to be kept in a tin box, closing tightly to prevent
evaporation of the carbolic acid. Tt is used either in the form
of loose gauze or folded dressings and bandages.

A great many different ways of preparing gauze have been
published, but none are so good as that just deseribed.

Von Bruns has lately recommended a gauze containing
castor-oil instead of paraffin,

His formula is—

Carbolic acid . . . . . . A 1 part

Resin ! . . . . . . : 4 parts

Castor-oil - 5 ; : : . = 3

§pitt . . . - . . . . 2

3

»

PG, 21.—MACHINE USED IN THE GLASGOW ROYAL INFIRMARY FOR
MANUFACTURING GAUZE.

.-\‘is 111!:_rccu1‘tru:k' for the antiseptic mixture of carholio acid, resin, and paraffin ; B is the tin
tase inwhich the muslin s heated, impregnated with the mixture, and submitted to pressure.
D is & pipe which con team for heating the apparatus, and H'E are stopeocks for turning
011 or slimtting off the steam in connection with either A or B, (From Dr. Beatzon's ‘ Practical
Popars on Antiseptic Surgery.)

The resin'is first dissolved in the spirit, then the carholic
aeid and castor-oil are added. The gauze is simply soaked in
this, and then hung up to allow the spirit to evaporate. The
objection to this gauze is that the castor-oil interferes with the
affinity of resin for earbolie acid, and thus the earbolic acid yvill
be sooner washed out, and the gauze thereby rendered less
trustworthy.

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
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side. It is placed outside the gauze dressing. As a rule ope
layer of the ganze 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
discharge, and, not being itself antiseptic, it becomes in r(;-.:\lity
a piece of impure cotton in the interior of the dressing, and
may  thus communicate putrefaction inwards. The macin-
tosh itself also gets spoilt when so used. The dressing con-
sists of a piece of gauze of sufficient size folded in eight layers,
beneath the outer layer of which the mackintosh cloth ig
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,

These spenges often become filled with fibrin, and thus
rendered more or less useless. It is very difficult to remove
this fibrin by washing. M. Lister, therefore, after an operation
places the sponges in-a tank containing water. Putrefaction
of the fibrin occurs, and-after some days the sponges can he
easily ‘cleansed. They are then placed till required in the
1-20 carholic splution.

When.the wound becomes quite superficial, various prepars
ations of Boracic Acmb may be employed with advantage.

Boracie lotion is a cold saturated solution.of boracic aeid
(B,0,3H,0) in water. This aeid is soluble in 25 to 30 parts
of cold watery and -in very.much larger proportion when the
water is boiling. Tt is convenient to tinge this solution with
litmus in order to distinguish it from the carholic lotions.

Boracic limt is ordinary surgical lint soaked in a hot saturated
solution of boracic acid and then hung up to dry. About half
its weight consists of crystals of the acid. ‘This is also stainéd
with litmus.

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

SALICYLIC ACID,

rapidly. The following is the original formula for the
strength ointment :—

Boracie acid crystals : - : . : I part
White wax . : : : ; - . 1
Paraffin 2 parts
Almond-oil . : . . : ; - 2

»

pi

First mix the wax and paraffin by hcnting them together,
then add the oil; mix the crystals with this in a warm
mortar, and continue the process of mixing till the liquid
solidifies. Spread on thin cotton cloth,

The half strength contains half the quantity of boracie acid.

A much softer and more manageable boracie ointment is
now made with vaseline. The f(n]lx‘»\\'ing' is the best formula :—

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

Take of this 5 parts

». boracic acid, 1 part. DMix.

Ralicylic acid eream is used for applying around a wound
when a dressing is to be left on for some days. It prevents
iritation by the discharge, It formerly consisted of salicylic
acid erystals mixed with 1-20 carbolic acid lotion in sufficient
quantity 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 aeid with glycerine so as to form a paste. This latter
reamremains of uniform consistenece, and is easily applied. For
this purpose Mr. Lister uses glycerine and carbolic acid 1-10,

The formula for salicylic vintment is—

Of the same base as is used for boracie acid

. 29 parts
Salicylic acid

1 paxt.

For the purpose of purifying sinuses, putrid uleers, &e., a
Solution of chloride of zine is used of the strength of 40 grs.
the oz. of water. This is either applied on lint to the whole
surfice of & wound, or it is injected by means of a syringe.and
eatheter into all the deep parts-of the wound, care b(.’l']li:—f;ll\'ull
W provide free exit for the fluid injected. If the (;‘.\'itb()f the
solution is obstructed, it may pass into the tissues and cause
gingrene,

Todoform is now applied to the surface of ulcers, and
=
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of zine solution, while

the same purpose as the chloride

answers
it causes no pain. .
) S ; v wool 18 1 :
Carbolised cotton e i SR
r soaking pure cotton wool in a 1 per cent
e i is then dried and
The cotton is then drie

sed in some cases of gangrene.
1t is obtained b
solution of ecarbolic-acid in ether.
used immediately.

CHAPTER IV.

ASEPTIC SURGERY (continued).

Example of an aseptic operation: Purification of the skin—TFingers—Instru-
menis: Spray—Precautions— Probable errors, and mode of remedying
them : Guard : Ligature of arteries: Drainage of wounds—India-rubber
tubes—Catgut drains —Horse hair— Decalcified hone tubes (Neuber's and
MacEwen's) : Sutnres: Button stitches—=Stitches of relaxation- Stitches
of coaptation—Aseptic strapping—Protective : Deep dressing : Toose
gauze: Gauze dressing: Elastic bandage. (HANGING THE DRESSINGS—
Time —Method. TREATMENT OF ULCERS : Purification.of the sore: Boracic
dressing : Boraeic and salicylic ointment : Boracic poultice.

HavING deseribed the materials employed in aseptic surgery,
We must now consider how they may best be employed. Take
a8 an example of an eperation the removal of a fatty tumour.
The patient having been brought under the influence of
ehloroform or other ammsthetic, the skin over the tumour, and
for some distance in the vicinity, is thoroughly purified from
anyaetive dust by washing it well with a solution of carbolic
deid 1-20. The surgeon and his assistants also wash their
hands'in 1-40 carbolic Totion, while the instruments are put to
soak in 1-20. A towel is arranged close to the tumour, gene-
rally 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 an antiseptie basis on which instruments
may be laid during the course of the operation without any
fear of their contamination. This towel is so arranged as to be
within the cloud of spray. A spray being now made to play
aver the part from a convenient distance, the surgeon makes his
inciej«:ms, removes the tumour, ties the vessels with catgut,
introduces a suitable drain, stitches up the wound, and applies
a piece of protective but little larger than the wound—the pro-
tective being of course dipped in the 1-40 carbolie solution.
r2
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r2




. ASEPTIC SURGERY.,

Outside this is applied a piece of wet gauze, c'uusi.\:.ting of
several layers of loose gauze which has been soaking for some
time in the 1-40 carbolic solution. This wet gauze and pro-
tective are called the deep dressing. The wet gauze must
overlap the-protective in all directions. Thmf any remaining
hollow is filled up with loose gauze, and f)utfuh: the \\'l,'mlc a
gauze dressing | is fixed. This dressing consists of a piece of
carbolic gauze of suitable size, folded in eight layers, and 'hm'mg
the 'macintosh placed beneath the outermost layer, with tl‘\u
imdia—rubber side inwards. The dressing is fixed by means of a
bandage, and when this is au'om]nlisho(l the spray may lv.n-
stopped. Then around the edge of the dressing an elastie
bandage is applied so as to keep the edge constantly in contact
with the body; and to allow no interval to nccur.l)vt\v(.-(-n. the
dressing and the skin during the movements of the 1{:‘1{101‘\t‘
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 c-hangvd
according. to the amount of discharge, though in no instance
is it 1(:fthlm|g<:r than eight days.

Quch s, very-briefly, a sketch of the ordinary method of
]ncrf-u'miug‘npvltzniuns aseptically. T slmll‘nuw 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
avoidance of putrefaction, requires as much care as if it were an
experiment performed m a laboratory on putrescible fluid con=
tained in glass vessels.

The first thing, then, is to purify the skin in the meigh
hourhood of the seat of operation. This is necessary, bocnufe
the skin is covered with dust. The natural grease of the skin i
not easily removed by simple washing, and it protects the sc:phc
particles present beneath it and in the hair or sc-l'mcm,n.ls fuulcl(’&
This purification of the skin'is carried out by washing it well
with 1-20 carbolie lotion, the antiseptic being allowed to act
for some little time. It is well, having first washed the neigh-
bourhood thoroughly, to apply over the seat of ()])m'u(,i('m 3
large rag or towel soaked in 1-20 solution, and to :1110\&"(.1115 l.u.v
remain on the part for some minutes. Where the epidermis
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is thick, or where there is any putrid matter present, it is best
to apply this towel about half-an-hour before the operation. It
ie not necessary to wash the skin with soap and water, or with
aleohol or ether, as is often done in Germany. 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 neigh-
bourhood of hair, as in the axilla or near the pubis, the part
must be shaved, and then well soaked with the carbolie 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
hemerely 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 purify 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. Thus 1-20 or even 1-10 ear-
bolic oil is not nearly so useful for producing an instantaneous
effect as 1-20 carbolie lotion.

At the same time the operator and his assistants purify their
bands.  This must also be done thoroughly, and the folds of
skin about the nail more especially must be well cleansed with
the lotion. In an important operation, as in an operation on
a joint, it is well to use 1-20 carholic lotion for this purpose,
$038 toavoid any chance of a lurking particle ; but in ordinary
Operations '1-40 is quite sufficient. This purification of the
hands is only too apt to be a sham, no carc 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. 7

The instruments are purified by immersion in 1-20 earbolic
lofion before the operation. A tin or poreelain trough filled with
the 1-20 solution is employed for this purpose, the instruments
}JPillg placed in it some time before an operation (Fig. 22).
The instruments are not merely dipped ; they must remain in
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the lotion for some time, because the carbolic acid requires a
little time to act on the grease or dirt on them. For the same
reason the teeth of toothed instruments ought 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 instrument must be immersed, for if only the
point be purified it-may happen that the impure handle is in-
advertently brought into contact. with the wound during the
cowrse of the operation.

The errors most likely to occur are either that during the
course 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
seen the danger of partial purification more than once exems-

FIG, 22, —1’'0RCELAIN TROUGH CONTAINING INSTRUMENTS SOAKING IN
CARBOLIC LOTION,

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. 1In 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
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ont 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
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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, must hand them into
the spray (Fig. 23). If 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

F1¢. 24.—T0 SHOW. THE ARRANGEMENT OF TOWELS, ETC., IN A LARGE
OPERATION,

aa Are thres towels which have been goaked in1-20carbolic lation; sothat instrnments, &es
may be placed on them without fear of contamination. Thus a small spong re will be seen on the
upper one. dis l\u-:hJ\ containing 1- 1(': arbolic 1 which alw tands before the operatory
and in the aspray. In this he places the instruments which are not being nsed Al
in it he rem hi or instraments if they hava bean remoyed from the elond of Spray.
In this particular-instanes we have a large wonnd to deal with—one so large tha ~n|"ln -mNj‘.
tinless of large volume, may not cover it completély. Hence & piece of guued sof

lotion is thrown over tlie front of the wonnd while the surgeon is attending to the n\’il!m'_';]v.'\rn.
or wiee versd.

basin of 1-40 earbolic 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, on a blanket, they
must be repurified before being used again. To provide a basis
on which instruments may be laid, the carbolised towel 18
arranged before the operator as formerly described, and the
blankets in the neighbourhood are generally also covered up
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with wet towels, so as to avoid the chance of the instruments
being laid on the blankets (see Fig. 24). 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.

These precautions seem on the one hand self-evident, while
on the other they seem so burdensome to rvmmnhd 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 arise and }'nilm'es
oceur.  Many people think that the spray is the essential part
of the treatment, and neglect the precautions as to constant
purification of instruments, &e., 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 thL
loopholes, and the general loopholeis the omission of someof the
precautions with regard to purification of fingers, instruments,
&e, Thus I have: seen a surgeon with considerable experience
m aseptic treatment, during the course of a difficult operation
wipe his hands with a dry towel and'immediately introduce
't;{le;n. f‘nyerml ‘xr\'it-h_(:he «lu:x:t fr(?n} Tln’: towel; into “the wound.

patient died of septic poisoning. Now many surgeons
might have said, ‘I used the spray; 1 used all precautions ;
my instruments were soaking 3 my hands were purified 3 for-
getting this one little incident. When the point was men-
tioned, 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 suvgery as treatment by the spray. This is a great
and loften fatal mistake.  Of all the precautions required: by
Mr. Lister, (liut of purifying the air hy means of a carbolic acid
Spray is t]m 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 \\ashmfr the
womnd with “carbolic lotion. Tt must always be remembered
that Mr. Lister carried out aseptic treatment for years with
gfeat success without any spray ; and if at the present time he
Were compelled for any reason to give up some one precaution, he
would at once throw aside the spray, as that one which is least
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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 carbolic acid to wounds by irrigating them, with the con-
sequent. 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
his hands ‘or his instruments out of it; and forgetting to re-
purify 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 carholie
acid. 1f too near, the opaque spray also obscures the field of
vision. On the other hand, where the spray is visible, it may
be sufficiently trusted. Other sources of error are that instru-
ments 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, &e.; or it may be that
the carbolicacid gets exhausted in the spray bottle, or that for
some ofher reason the spray does not act properly.

What is to be done should any of these accidents oeeur ?
Suppose that an impure instrument or finger be introduced into
the wound, that wound must be at once thoroughly washed
out with 1-40 carbolie lotion. This is a bad thing for the
wound, because it irritates it, and may prevent healing by first
intention ; or it may, by causing a much larger quantity of dis-
charge than usnal, so saturate the gauze dressing as to render
it unable to prevent the spread of putrefaction inwards. = Theres
fore it is better to use the spray, and to-take all the preeautions
hefore mentioned. Should the spray stop, the wound must he
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 advis-
able to stop the spray for any reason, this is thrown over the
wound for the time being.- Should any time elapse before the

METHOD OF TYING VESSELS. 75

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 opumtion either by having two sprays, or by covering up the
part: of the wound which is not being operated upon bya guard
(see Fig. 24).

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

F1@. 25¢.—MBTHOD OF TYING VESSELS IN DENSE TISSUES,
(After MacCormac.)

for the smaller vessels.  The vessel having been securely 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 cannot be applied
around it, a needle carrying a double catgut thread should be
passed through the tissue and tied on each side of the vessel
(see Figs, 25¢ and 25b). The catgut should be taken direct
from the trough containing carbolic oil, and should not be
wetted in the lotion. Where the bleeding is from a tear in

a 1ill'g(‘ vein, and where it would be dangerous to ligature the

AT I
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vessel, I have seen the f«»]m\'incr method adopted by My,
Lister :—In remoying some cancerous glands from the axilla,
a small vein was tomm 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 uap thc rent hy-the glover’s suture. The patient
recovered without the slightest-bad symptom. There was ng
pain_in the wound, nor swelling of the arm, &c. In another
case, where the longitudinal sinus was injured in ‘m‘phmmu
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 in-
terior of the wound within the
first twenty-four or forty-eight
hours do mot get free exit, thr\v
give rise to tension, and tension
gives rise to inflammation, and
he latter,if allowed to go on long
_ enough,  to ~111»1»m'1tmn s and
Tro. 26h L N eiin rerad or thus the rapid healing of the
TXING VESSELS IN DENSE TISSUES, wound” is prevented, though the
FErop Bl patient is not as a rule subjected
to any danger to life, ' To avoid these consequences Mr. Lister
has paid very special attention to the du inage of wonnds.
There are two main ways in which this may be done—drainage
through tubes, or dr: iinage by capillarity. The former is the
most mniversally applicable and the most certainly successful.
Drainage by means of tubes is that first used ln Mr. Lister,
and, as just stated, is the form of drainage which is most uni-
versally 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 bcmor red
rubber, which contains no free sulphur. By the use of ‘these
red rubber tubes disagreeable smells and blac kening of the
protective, which often occurred when the black tubes contain-
ing free sulphur were e mployed, are avoided. These tubes have
round holes eut in themat short intervals, the diameter of =ach
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hole being about one-third of the circumference of the tube.
At the outer end the tubes are cut flush with the surface of
the skin—straight across if the tube goes Adirc-cl'ly (ln\\”)'l\\'z'n‘.ds,
or with varying degrees of obliquity according to the direction

T1G. 26, —ORDINARY OBLIQUE-EXDED DRAINAGE-TUBE READY FOR USE.

which the tube takes (Fig.26). The tube must not project be-
yond the surface, for if it does, its orifice gets compressed by the
dressing, and the exit of fluid is prevented. To keep the drain-
age tube from slipping in, two threads of carbolised silk are

FiG, 27.—DRAINAGE-TUBE WITH MASSES OF GAUZE IN THE LOOPS OF
THREAD.

fastened into it at its orifice, and tied in a knot. This knot,
held between the dressing and t]w \1\111. retains the tube in
Position. In some cases hum ver xample,in empyema—
the tube might \]1[» in in spite of lhuc threads, and therefore it

18 well to fill up the loops with strips of gauze soaked in the
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carbolic lotion (Fig. 27). 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 :.lischnrge 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 = Itis 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 doesnot cause irritation.
In cases where the most dependent opening would be near
sources of putrefaction, it is-well to haye the drainage-tube in
another part ‘of the wound, even though it be not-so- de=
pendent. - Thus in inguinal
hernia the < tube would uo
doubt be in the most depen-
dent part if its orifice were
close to the pubis, but as that
would be much too mnear
sources of putrefaction, such
as the vagina and penis, the
orifice of the tube ought to be
at the outer angle of the
wound (see Fig. 28). In a
large wound it is well to have
more than one tube; and it is
better to have (wo smallish
Fic. 98- INCISION FOR INGuINan UUPES il any case, rather than
HERNIA, STITCHED, SHOWING THE One, large one, because on the

POSITION OF THE DRAINAGE-TUBE day after the operation one of
AT THE OUTER ANGLE OF THE

these tubes may be removed
WOUND. -

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
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duy, on account of the difficulty of returning it. By that t.in'w,
however, it liesin a channel in the blood clot or lymph, :m(l'shps
hack easily. Fig. 29 represents forceps intr yduced by Mr. I.Alst(,il',
and called ¢ sinus forceps,” which are of the grc;;tte,st service in
inserting 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 necessary. No exact rules

can be given for shortening or L:il\'illglﬂl}t the tube. This must
gimply be a matter of experience, guided l;»‘v the ;uu(_mnt;. of
discharge and the tendency to accumulation or otherwise.
Slumld\‘r.cnsiuu occur, a larger and longer tube ought to be at
once introduced. )

A point which has always seemed to me of great nnpt?rtzmce
in connection with the use of these tubes, and one which has
apparently been overlooked, is the following. A tube is taken

Fi1a. 29.—SINUS FORCEPS.

out of carbolic lotion at some distance from the spray, is
garried through the air, and then directly introduced into the
wound, I can 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 hespital airmay often, as I have
found by experiment, contain eauses of putrefaction.  Of course
when passing through the spray this air may be displaced or
purified, and also when introduced into the wound a consider-
able amounts 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 another would probably occur. And further the
purifying power of healthy living tissues, which will be after-
wards demonstrated, ‘must be taken into account. But in
the case of a cavity, purification in any of these ways may
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not happen, and putrefaction may result. In acase of incisi‘?n
into the knee-joint, which will be afterwards alluded to, in
which fermentation and infAammation occurred, this seemed
to me the most probable explanation. My suggestion there-
fore is always to take the tubes out of the lotion 4n the spray,
and then Lhuc air which enters them will be air previously acted
on-by the spray. .
f)ruiunge by capillarity was introduced by Mr. John Chiene,
aleo the first to enunciate the principle of absorbable

who wiis
For this purpose he uses catgut, and generally the

drains.

a7 et

1@ 50 —CATGUT DRAIN READY FOR INSERTION.

finest threads. A skein of eatgut, containing say twenty thl'egd.»’,
is tied at its middle by a single thread of the same gut. Une
end of this thread is passed through a needle (Fig. 30), and by
means of this the centre of the skein is stitched to the deepest
part of the wound (Fig. 31). The skein is now broken up i
bundles of five or six threads each. One bundle comes oub
at each angle of the incision, and the other bundles at inte.r'
vals Detween the!stitehes (Fig. 82). (More than one skeiu
may be required in a large wound. This catgut becoms
absorbed, and never requires to be removed. In five or ..\‘\S
days the ends which hang out drop off, and little granulating
! : In this method the

ads

sores are formed which heal in a few days.
serum escapes by capillarity, and by distributing the thre
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aver varions 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 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
d.ruiuing wounds we have a number of small drains traversing
the wound in several directions. In this method there is no
tronble about pulling out the drain, and no necessity for
changing the dressing simply to remove a tube ; the drain
disappears of itself. It is well to leave the ends of the catgut
outside the wound as long 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 laxge wounds it is not sufficient, and that the catgut becomes
apulpy mass, and when in large quantity takes a long time to
organise. Not only may it be insufficient at first, but it may
beeome absorbed too soon— before, 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
uot stitehed to the deepest part of the wound, the catgut may
slip and the deeper parts may mot be drained ; and again, if a
lage bundle of it be used, coming out at one part of the wound
ouly, it does become a pulpy mass, and takes a long time to
arganise. But this is not the method recommended by Mx.
Chiene, for he says- that only five or six threads ought to be
bronght out at each place. There is, however, no doubt that
In some cascs it is absorbed too quickly, and this was the real
objection to the use of this method when we had only the
atgnt prepared by the old method, though even with it, if the
gut was'well prepared and old, the drainage was often very
satisfactory. This difficulty will probably be overcome by the
use of the chromic catgut recently introduced ; the only fear,
mdeed, will now be that the drain may last too long. Mr.
Lister, however, thinks that if only the finest gut be used,
dccording to Mr. Chiene’s directions, the probability is that it

G
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will be absorbed with sufficient rapidity. Of course, if neces
sary, the ends of the drain can be cut off, when it has served
its purpose, below the level of the skin, and then, even thougli
the internal part be mnot all absorbed, the wound can hesl
completely.

Catgut can only drain fluids such as blood or serum ; if
cannot drain pus. It is, however, unsuitable in cases of chronie
abseess, where we have only a serous discharge, because the
catgut is absorbed long before a drain can be dispensed with,

F1G. 31.—OPERATION FOR STRETCHING THE SCIATIC NERVE,

Eateut drain stibehed to the deapest part/of the wound, beneath the gliteus maximus, and

: broken up into four separate bunches.

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

Tnstead of catgut, horse-hair has been a good deal usm}-
This is simply laid into the wound in .the situation wherg it
seems most required. It is diminished by degrees, threads
being taken out at various intervals of time. It has an ml\'u{l-
tage over catgut in draining joints, for no part of the drain
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remains in the interior of the joint, while portions of catgut 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 preferred by Mr. Lister to the catgut, but there can be no
doubt that the catgut, when used strictly according to Mr.
Chiene’s directions, and of good quality, is a \'cry. efficient.
method of drainage.

[t is easy to re-introduce a horse-hair drain if necessary by
proceeding in the following manner:—A sufficient quantity

AN

£

Fic. 32.—THE SAME WOUND STITCHED.

Tie banchies of eabgut coming ont at intervals between the stitches. (The wor as hée
! itches. (The wound has béen
EXNREery and the threads of catgut separated, in order to show themethod mare clearly.,

“‘:. threads of catm ht tale in close apposition, for it is the intervals between the
thirends which act as cupillary draing.

being tal

: ken, the bundle is bent at its middle over a probe, and
tied close to. the probe by carbolised silk (Fig:33). (In this
way, the probe being withdrawn, a blunt cuml»ﬁ(-t end is obtained,
which may be introduced into the wound with ease.

Of late the principle of absorbable drains has been applied
by Dr. Neuber of Kiel' in his absorbable drainage tubes.

VB FRRGD TR T, . .
, i .f""-"/'fhv her Daververband nach grimdlicher Blutstillung.  Von
“Lngenbeok's Areliv, Bd. xxiv. Heft, 2.
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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 tg
answer very well, though they are sometimes ahsorbed too soon,
and s(,nm-t“in‘n-s last-too long. They sometimes get soft and
collapge about, the third or fourth day, and thus, though not
ahsorbed, become useless as a drain.

Dr. MacEwen ! has lately somewhat modified Neuber’s tubes,
He uses chicken-hones, which are already hollow, and decaleifieg
them. ¢ The method of preparation is as follows :—The tibig
and femora are seraped and steeped in hydrochlorie acid and
water (1 to8) until they are soft, Their articular extremities
are then snipped off with a pair of scissors the endosteum i

FiG, 33.—METHOD OF PREPARING A HORSE-HAIR DRAIN FOR
RE-INTRODUCTION.

raised at one end and pushed through to the other extremity
along with its contents. They are then re-introduced. intod
fresh solution of the same strength until they are rendered g
little more pliable and softer than what is wltimately required
(as they afterwards harden a little by steeping in the carbolised
Sc lution). 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 glycerin?
solution. Holes may bedrilled in them with a puneh, o clipped
out with scissors? ~These tubes are threaded with horse-hait
before being introduced into the tissues. This hair helpsid
maintain the calibre of the tube during the firet few days, and
also itself acts by capillarity.

\ British Medical Jouwrnal, Feb. 5, 1881.
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The average duration of MacEwen’s tubes in the tissues
was something over eight days. If, however, a tube islikely to
be required for a longer time, it can be obtained by sl«'w')"»ing
the decalcified tubes in a chromicised instead of a <:urb()lised
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
care need not be taken to remove as little skin as possible as
is necessary in wounds treated by other methods where swelling
and inflamnmation of the edges are expected. One may tuI;e
away a wide sweep of skin, such as would seem to render
hopeless any aftempt to bring the edges of the wound into
apposition ; and yet if the edges can only be apposed, and if

i e
il

34 —LEAD BUTTONS FOR DEEP STITCHES,

A, The present. form, deseribed in the text. B, Form of button devised by Dr. Ogilvie Will (seen
in section). C, The ol form, where the wire was fastened by passing i beneath the button.
the wonnd remains aseptie, union by first intention may be

expected along the whole line. .
Button stitches are employed to relax the edges of the
wonnd, and thus to leave the cutaneous margins free from the
imitation which must occur if they are tightly drawn together.
These consist of flat pieces of lead cut of an oval form and of
varions sizes, perforated in the centre by a hole through which
silver wire is passed, and provided with two lateral wings round
whick the wire is twisted (Fig. 34). (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 v!’ig‘hl’ enough to
permit the edges of the wound to come pretty easily h‘»‘qz‘\thr'r.
The number used varies according to the amount of tension,
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In order to bring the edges of the wound into actual contact,
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, inorder to have the eutaneous margins aceurately applied
to each other, numerous stitches of coaptation, consisting of
carbolised silk, horse-hair, or ecatgut are inserted (Fig. 33)
The speedy healing which occurs when the edges of the wound
are accurately brought in contact, while they are at the same
time, by the button stitches and the stitches of relaxation,

Fie. 35—~WOUND AFTER REMOVAL OF MAMMA AND AXILLARY GLANDS
STITCHED,
To show the three kinds of stitches. The button stitches will be at once recognised 3 the thick

stitohes, of which three mbo represented, are the stitches of relaxation; and the remmuder
nre tlie stitches of coaptation.

freed from any tension, rewards the surgeon for.the time
spent in inserting a large number of these stitches of coaptis
tion.

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 are pros
bably cut on the same day. Do mnot be in a hurry to remoye
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 asepticy
it is immersed in warm carbolic lotion (one part of 1-20 and an
equal part of boiling water) before being applied. This both
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renders it aseptic and also takes the place of the hot-water can
for heating the strapping.

Having prucee(led 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
to make it as little irritating as possible to the young epithelium
along the line of incision. The dressing employed is the car-
holic gauze ; and, to prevent the irritation of the healing edge
of the wound hy the earbolic acid, a piece of protective is inter-
posed between the gauze and the wound. This protective is
ent 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 from becoming entangled in them. This protective
need not extends over the orifice of the drainage tube, as its
essential objects to protect the healing part from the irritation
of the carbolic acid. The proteetive is also of use in preventing
the dressing from sticking to the wound, and in preventing the
formation of scabs, and the consequent possible retention of
the discharge.

An exror which is frequently made is to put on too large a
piece of protective. There is nothing antiseptic in its substance,
and i/ protects the discharge beneath it from the action of the

arbolicacid. Therefore if at any part it projects beyond or comes
close to the edge of the dressing, it allows the causes of putre-
fuction to spread inwards beneath it, and prevents the carbolic
acid from acting on this putrefying discharge., It is therefore
w very good rule, having covered the wound with sufficient, pro-
tective, to look on this protective as a wound, 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, no protective ought
toheapplied. Tt is better to have somewhat slower healing
than to have putrefaction spread into the wound. As men-
tioned before, this protective is dipped in carbolic lotion 1-40
before being applied.

Outside the protective a piece of gauze wet in the carbolie
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lotion 1-40 is applied so as to overlap the protective in all
directions. The reason for this 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 carbolic aeid
is given off from the gauze, certainly not enough to destroy
immediately. the activity of the septic particles in the dust.
But if the piece of ganze 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 pue
and powerfully antiseptic material.

Fi1Ga. 36.—EXCISION OF TH® HIP-JOINT.

Wound stitched ; protective and deep dressing applied.

The piece of wet gauze and the protective go by the name
of the deep dressing. This deep dressing may in some Ccases,
and more especially where catgut stiteches/and catgut drains/are
used, be left for several days undisturbed. In this way the
wotnd 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 remeémbered that thedeep piw\:c of
gauze loses all ‘its carbolic acid very soon, and that therefore
it must be treated as a wound—i.e., in renewiny She dressing
this deep part must be overlapped in all directions by a
p.ic-co of wet gauze, and that again by a dressing of suitable
size.

DEEP DRESSING. &0

In some cases it may be desirable to fix down the deep
dressing with a piece of gauze bandage. If it be intended to
Jeave 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
hecomes somewhat irritating, and the gkin around the wound
hecomes excoriated. This is generally entirely prevented by
the use of salicylic cream.

Having arranged the deep dressing in a sunitable manner,
any hollows which exist in the meighbourhood of the wound
:\n-‘*. filled up-with carbolic gauze, and special masses of this
material are placed where the greatest amount of discharge is
expected. Outside this a large gauze dressing, made as before
deseribed, is applied. The size of this dressing varies accord-
ing to the amount of discharge expected, but in all cases it must
extend well beyond the deep dressing in all directions. Some
special examples will be mentioned presently.

This dréssing is fixed on with a suitable bandage. The gauze
handage is preferable to an ordinary bandage under ecertain
eircumstances. It is especially conyenient 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
very light and cheap bandages may be made from the ordinary
tliin muslin which is used as a gnard. They do mnot stick: to
the skin as the ganze bandage is apt to do.

The dressing is pinned round its edge to -the 'bandage.
{are 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
of ithe maciutosh is to make fhe discharge trayel through a
large extent of ‘the gauze, and thus the same result is obtained
as if a massiof 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
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it is always the duty of the person who

with. Accordingly,
the macintosh with the view

makes the dressings to examine
of detecting any holes in it.

If the dressing is to be used as soon
well to sponge the surface of the macintosh with 1-20 carbolie
lotion-before inserting 1ts The same piece of macintosh may

he used for a whole case, oF
4s it does not become Worll into holes.
tosh are generally provided for. each case, and a dressing is
y ately after the case has been dressed, and

as it is made up, it is

for more than one—so long, in fact,
Two pieces of macin-

always made immedi
is ready for upplicn(vim\ at.any time.

Fic. 37.—DRESSING IX A CASE OF PSOAS ABSCESS OPENED ABDOVE

POUPART'S LIGAMENT.

To shew the arrangement of the elastic bundage along the margins of the dressing.

It might happen that, in the movements of the patient, the
might ‘become separated from the skin,
thus formed. To prevent this, the
salicylic jute or wool he-

edge of the dressing
and air pass into the space
(erman surgeons as a rule pack in
neath the edge of the dressing. This may serve the purposés
but it is by no means safe. Mr, Lister some time ago infro-
duced the use of elastic webbing, which is of various breadths:
It is better not to be too broad. It is put maoderately on the
amrrounds the edge of the dressing. Its general

streteh, and
It is not much

arrangement varies of course with the sityation.

used on the extremities, because the arm or leg is gene rally 50

CHANGING OF THE DRESSING. 9l

fised by means of splints that there is no chance of separa
tion of the dressing. ‘
The operation and first i i
peration and first dressing having now been com-
ehel : sstion arises whe Y : N
11»1 t 1, the question arises when the dressing should be changed.
t is only extremely rarely that it is necessary to change it the
same evening. The only cases ir i is i N
ening. > only cases in which this is usually done
are large empyemata or very large abscesses, and cases of am
yutation : Thinioints whors the d; A
putation at the hip-joint, where the discharge of bloodly serum
is l)l'.'dl_l.w', and there is but little space for overlapping of the
dressing. .
= ;\s. a rule, the dressing ought to be changed entirely on the
ollowing day e e e ol T
; g day, the deep part as well as the superficial. It is
\‘]t‘- to change the deep dressing in order to see that none of
the stitches are ight, i :
1\(1&1:-:.\ are too tight, and that the drains are acting pro-
erly.  After » first day i aotb
{ . After the first day the deep dressing need not be
touche 'S8 » patic i ini '
lL 1ed, unless the patient is complaining of uneasiness, or
unless the surgeon wishes te - .
( ~.t]u surgeon wishes to see the wound for the pmrpose of
SOV bt o | < s T o
removing stitches or drain. If it is not necessary to disturb it
it ay L. s e W, . < ¥ [Eoi 2
1 may, especially where there is an organising blood-clot, be
etter 3 b = e
better not to do so, for that would enly be to expose the wound
1 sepeanrilv B S A \ = .
1nm.u,:ss.ml_\ to the irritation of the earbolic acid. If the deep
dress e o, o . ; '
essing s not changed, great care must be taken to have an
efficient spray playing over the part.
In changing the dressi i
4, 1 ging the dressing the spray is used, and also 1-40
arbolic lotion, in which a piece of loose gauze and protective
are p -fore » dressing 1 K '
. ﬁlut before the dressing is begun. The elastic bandage
18 first removed, : ! ¥ — o
> { llun«m(l, and then the patient or an assistant places
ns band over the eentre ‘essi i "
o the centre of the dressing while the bandage
m.l. ig-cut, so as to prevent the dressing being lifted up
and air pumped in. Then the surgec avi i
il ]11.] g 117(11 the surgeon, having purified his
dl‘(b i 5 f( ving turned on the spray, lifts the edge of the
SSIng care 7, taki AT 3 : ;
e th ully, taking care that the spray passes into the
; 2 hetwee l orasy y A e = )
1.(.:““_ ok n the dressing and the skin (see Fig: 38).. Having
wved the! superficial dressi rain di i s
al dressing, he ag: s his fingers
e o g, he again dips his fingers,
s es the deeper parts and exposes the wound
nothine is wr 3 1 1 : .
= ng is wrong, he immediately applies fresh protective
dnd'wet gauze, and then washes the par ar
L : then washes the parts round about, as far
s schiaree has exte Y 1 1 1
arge has extended, with 1-40 carbolic lotion. The
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he wound is not washed or exposed to the action of

edge of t
the spray longer than is absolutely necessary. It is well to

deep dressing at once, for in washing the surround-
ive the wound a final touch with the

apply the
ing parts, one is apt to g
Now this rag may contain some gross particles of putrid

rag,
rom the exterior of the

material (sueh asa crust of discharge f
, and thus putrefaction would be com-
There is no necessity for cleansing
Dirt; so long as it is clean, %.e., 50

dressing, fieces, &c.)
mimicated to the wound.
the edges of the wound.
. it does not eontain causes of putrefaction, does no

long as
harm ; indeed, it rather aids the action of the protective ; while

1@, 38.—METHOD OF CHANGING A PSOAS ABSCESS DRESSING.

over the wonnd.

jown the dre
ray machine so placed that the

. Trand of patient holding

the lower edge of €
heneath the dressi

to rub it away is

B B. Hands of surgeon Hfting

spray passes il

{o irritate and injure the hcaling edge=—10

produce a state of unrest. A fresh dressing is applied as hefore

deseribed.
Where there
placed that_the spray
dressed separately, caré I
11 the other is at any rate protected by
stant must keep his hand on the dressing OVer
the other wound is being attended to.
akes place on the following day at visity

SO

are two wounds in different sitnations,
cantiot cornmand both, each mmst be
peing taken not. to uncover the one
a deep dressing. The

patient or assi
the one wound, while
The next dressing t
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if there is any discharce at ] S
3 2 £ arge at ”lc edoe’o » (dressi 1
\\r.mml fm-l\’ nneasy |¥ f']l re i nl. Ut] H“Vt" (h(“b”lg e ‘lf th(l’
i £1S A Y . Jere 18 no dischare: § ] > "¢ S
and if the wound is free from pain, the dr ‘ I|" U“' L
v i s > ESSINg 18 *Nan - 2 S
and even though discharce sl o (h‘m\m .
g $ arge s I(Jll](_l il])[l(_‘lll‘ i fl)\\' h‘)!]l‘.\' lllf("l'
y 2]

the dressing is not changed till next day at visit hour Tl
¥ at visit - 1e

rule for changing the dressines i {
ging the dressings is therefore: Change if
= o

discharge is through at the visit hour, or if there be any

reason for it ; if not, leave the dressine till u;'x-t ; l%lf} ‘)f_vh.(‘l'
and then follow the same rule. S s b

Never leave a dressing unchane:

that time most of ](}:e[ll:rllylfillb;(l'll'lnli:iﬁ;;‘(]l’x.l‘,mgm‘ ﬂ~m“~~“ weels By
e v ‘ : nolic ac as passed off by evapora-
tion ; and therefore, if the discharge once came to tl (]' e
putrefaction could spread inwards \:itln trn:'dtr'l i '1'0 7 Y (‘dg('l’
.\\'nuld not be necessary for the (li.\:ch:mn?t«;u )‘“1““:_ l-tf}. 1 ==
in m'(].vr to have putrefaction of i‘hz wnmu ‘; tl VHI e
(eoll(flctmg beneath the dressing permits the n,m](tn' l'l?"s“.mt
SP'])H(.‘ particles in it, and thus they may 1'4*'1('11. ltlllll(.dl']“n o
W l!el'@'il ql'cssing is to be left: on for a week 11 is \\'Sﬁll“”““(-l-
the salieylie eream in the way before (I«-sm'il'»c’-(l i e

Sue IS ) ¥

1.ll(h is the general method of using carbolic dressi
e R, : : y ey
special modifications will be noticed presently. Tet 1 ok
e it . y. Let me pass

in the meantime to the general points as te oo
.. { _ s as to boracic

Let us s s€ i i
: H, 8 suppose. that-a patient is admitted with a foul ul

e > 9 - : '

0 l“? leg: how is he to be treated? If he were to | t e
Withwearbolicndyessitias ol Aol
8 arbolic dressings, the ulcer would very probably remai
oul. or eve ; o Tgs . ) e

y or even though it ultimately became free from od i
o ; s ) b : Oaounr
‘l;)ul(l heal excessively slowly. Hence, Mr. Lister first l!,'”

Q, N a1 - S 'S i & .‘\ ” : 2
Wie sore, and then dresses it with boracie acid PRE

To urify i ine, 40 g

; y the sore, chloride of zi
purity the sore, chloride of zine, 40 ars.

of water, may be used. o the ounce

At .
whole surface of the sore. : 11 -}l”-sl I\] i.].’.l)hml ‘UIHI'()ugh]v\, to the
skin i well purified by ]’ T the same time the surrounding
ey c,.‘ 3’} thoroughly washing it with 1=20 (;;n']‘mlilg‘.
S s employed on account of its special power

pf':n("'t“m“g the epidermis. When this has lm-ln «l:mul)u“ el
:)]hl»::::rt fill\‘\ c: l([)l}%){);»(l {1'1vh.(nm:x(.;g ]()fi“).l and slightly larger than
s _-fn (( over it, IIAH(_l outside this is placed one or

yers of moist or dry (it does not much matter which)

» & piece

———————————————

o —




04 ASEPTIC SURGERY.

horacic lint, of sufficient: size to cover the protective well in
all directions. There is the same objection here to allowing
the protective to project beyond the edge of the dressing
as in the case of the earbolic dressings. Lately, instead of
applying the chloride of zine solution, which causes consider-
able uneasiness, iodoform. has been powdered over the whole
curfice of the uleer, and it has been equally successful. The
éhloride of zine or the iodoform meed only be applied once;
but shonld 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 everytwo or three days, or
indeed at longer intervals, provided that there is not much
discharge. 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 antiseptie.
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 bea common cotton bandage, if preferred)
having been removed, the dressing is taken off and the wound
well wwashed with boracic lotioni. Any septie dust which falls
on the wound duringits exposure is destroyed by giving the
wound a final wash with the lotion before applying a fresh piece
of protective and boracie lint.

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

In some cases, more especially where the sore is septics or
where the patient dresses it himself, boraci¢ ointment.is prefer-
able to protective, and where the sore is healing, the hal-
strength ointment is the best. Outside the ointment a piece
of boracic lint is applied as usual. Of late, salicylic ointment
has been used, and found to answer, as a rule, better than the
boracie. It is less irritating, and permits healing more readily.

BORACIC DRESSINGS. 95

A euealyptus ointment has been employed quite recently, and
has given excellent results.

When the effects of a poultice are wanted along with an
antiseptic effect, the boracic lint is applied like water dressing
. - . ~ . - . - ) == b.
A suitable piece of the lint moistened in boracic lotion is ap-

plied, and ml’r.q.dc this a larger piece of macintosh or gutta-
percha, overlapping the lint in all directions.
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(CHAPTER V.
ASEPTIC SURGERY-—(continued).

Speaial dressings ¢ Head drossings : Neck drossings s Breast dressings—Abseess
SEMR. eyl = . . YT
Pweision: of mamona alone— Lyeisionwof mamma and axillary
inass Dressings o thedimbs : Diressings jor psoas

Dressings i cases of hernia

af mammna-
glands : Awillary dres
abscess s Tumbar abseess : ; '
and npv'/'ufiu/z.s' on the serolawm: Fxcisions of joiants. Aseptic treatment ol

abscesses. Cligef points to he considered in opening abscesses— Method of
sos——dhrainage of abscesses— After-troatment of abscesses—
Treatment of wounds produced acei-

Further troatment

apeniny absees.
Empyema— Perimealandanal abseesses. ;
dentally =/ Problem to bé solved Purification of mouid— ¢ A :
of the nound Special wounds: Compound, fractures : Wounds 'uu;ulm_u.t/
; Wounds of joints : Compound fractures of the skull':

tondons, nerves, S : the 8
Wounds of the abdomen. Putrid sinuses

Penetraiing wounds of the thoraw :
and \-.w-\'.z‘.i-ls. Treatment of burns, Treatment of gangrene. Treatment
of nmevi and yaricose yeins.

I spALL now deseribe the special methods of dressing and other
p\'oc:mtim\s required in different-situations. : \

In operating on the sealp 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 circle of
hair all vound it, it-is better not touse protective at all. <The
dressing iu sieh  avwound is fixed by the ordinary c:}pulline
Where the wound is more or less to one side, the

bandage. B
1 downwards on the neck, and it 1s then

dressing must extenc
well to have a narrow elastic bandage along the edges, more
especially around the necks 1 In the neighbourhood of t%\e ears,
the various cavities in the ear, and the space behind it, must
be filled up with gauze.

Neck dressings have nothing very unusual about them. The
dressing must be fastened round the neck. It must be prés

o - i .
vented from slipping down by a turn passing above the ears

BREAST DRESSINGS. 7

and around the forehead, and also by two vertical 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
ander the axilla. A narrow elastic band-
age must be applied round the edge of
the dressing in this situation, for the
movements of the head are extremely apt
to canse an interval between the skin
and the dressing (Figs. 39 and 40).
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
meision, not; interfering with the form of /.
the organ, is made, the dressing eonsists e
of an ordinary gauze dressing covering Fi¢. 9.
the whole mamma, some loose aUZe  This figure illustrates the gene-
being packed in in front and behind.  fugs o by neny O dress
This is fixed by turns of bandage passing  Wenid do fo :'yjnl‘m:‘.lvﬂ
round the hody alternately above and — momastoi | ne! ohe ster-
below the organ, with straps over the
shoulder. The arm is placed ina sling. The edges are fixed
by elastic bandage (Fig. 41). . -
No. 2.—Where the mamma has been removed and the dis-
charge has become much diminished in amount, there mav
remain enough of room between the wound and 1‘119 axilla for
(;\‘el'l;\].)ping of the dressing. Tn order to fix the dressing and
ke.ep it well up in the armpit, it is split vertically at the
axilla, folded over, and pinned on the top of the shoulder. It

18 then bandaged securely, and  an, elastic bandage applied
around the edges (Fig. 42) )

:
» T Whar A =
No. 2.—Where the mamma and axillary glands have been
T - .. » . pm 8 , sy i
;‘mmed, or for the first few days after excision of the mamma
alone i s > 18 1 i ]
‘ .Pl‘l(,', this arrangement is not enough, for it does not leave
sutheient roc for overlappi )
bom for overlapping. The arm must therefore be
jie
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included in the dressing. This is :U'('U!ﬂ])lli\‘h(,‘.l:l m'ost (-l<_'m-
veniently in the following manner :—A large dressing is applied

Fic. 40 —To sSHOW THE ARRANGEMENT OF THE TQURNS OF BANDAGE OX
i ' THE HEAD SEEN FROM ABOVE.

s far back as the middle line,

posteriorly, reaching behind a :
to touch the thorax in front,

and folding over the arm so as

FiG. U.‘—Dnuﬁsmc APPLIED IX A Fres -llf.——]'..m“,_,lf'r DRESEING
CASE OF ABSCESS OR THE MAM- 30. 19!
.‘:!‘A (BREAST DRESSING XNO. 1).
The position of the drainage tube isindicated

) by dotted lines.
the arm being applied to the side. This dressing must be
7 rom the top of

broader than the length of the upper arm {

BREAST DRESSINGS. 99

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

_ T NS o) T e L ey e s :

thorax (Iig. 43). A .~m(|!lu anterior dressing is then applied,
warrower 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

11N

iUl
Al

F1G. 43.—CASE OF HXCISION OF THE MAMMA.
Bick dressing Iying ready for application : s! wir 1 iressi

S WANg ready or application ; showing also the deep dressing and naddine. i

the axilla .llllll»l("lflxl; :hl:- :‘l)X‘HL“ EnSeRs S Pt

Steror m . B 7 i 3

Posterior. | Thus the side of the patient is completely encased
in d'gauze dressing. This is very easily bandaged on. One

n - : : NDRQER 4 o 3 . -
‘Hrn of bandage passes round the body outside the arm (Fig
* Y a0l ala : 3 1 : e
“7 1); the second also passes round the body, but below the
EIBEW (9 thus cntik s + g . ‘
eihow (2), thus catching the portion of ‘the dressing oyerhano-
e ) > alee +h 7 ‘ =
ll,, the elbow and also the lower edge of the front dressing:
the Tmex ASSER  ¥o 7] o e e
]‘ lll; Xt passes round the body and over the top of the

shoulder on the side C s catehing i
e .\1'111 .Ul)@ld[t*d on, thus catching the portion
oo “SSIng projecting above the shoulder (3) ; the bandage
o ! passes down behind but parallel to the arm, turns round

€low the v runs oblic in 1 :

he elbow, runs obliquely upwards in front to the top of

H 2
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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
obliquely 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.

Ping are now inserted at all the necessary points, more es-
pecially where the bandage passes aver 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

16, 44—DRESSINGS APPLIED AFTER EXCISION OF
GLANDS, TO SHOW- THYE ARRANGEMENT OF THE DRESSINGS AND BANDAGES:

The turns of bandaze are numbered, and arrows are placed on them to show the direction ity
which they rum.

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 rest 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.

An azillary dressing must be applied partly to the chest
and partly to the npper arm, and made to fold over the top of
the shoulder. It requires an elastic bandage (Fig. 46).

Elastic bandage is not as a rule required for. dressings UR
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the ewtremities, 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 fumction of the elastic band to
neutralise are avoided, and the constriction of the elastic is
also .a\'oide(l. With regard to this constriction, however, the
elastic need never be applied so tight as to produce cedema ;
indeed, I have more than once seen cedema which was presentj
before an operation subside afterwards, even although an elastic
bandage was used. Where the patient is allowed to move the
e.\:tremiry—:.xs, for instance, when he is allowed to walk after a
small operation on the lower extremity—an elastic bandage is

\ X

[T &
| L1 T ¢
:L.)— BINDER APPLIED OUZTSIDE THE DRESSING REPRESENTED IN
FiG. ;-{'. SO AS TO KEEP THE PARTS AND DRESSING AT REST.

absolutely necessary. In the case of the lower extremity, the
padding at the upper part of the splint should be covered with
maginfosh, and the foot of the bed should be supported 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
draw-sheet soon after it has reached the edge of the dressing
and thus one can ascertain accurately whether or not it :;
necessary to'change the dressings.

"l‘he‘ dressing required for psoas abscess opened above Pou-
part’s ligament is one of the most important dressings, as well
as one of the simplest illustrations of the method of z’ippl\'ing
the ('1'.151.1'(‘. bandage. I may say here with regard to this method
of Oopening psoas abscess above Poupart’s iigz:ment that there
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are two reasons for choosing this sitnation. In the first place,
the old rule that these abscesses must not be opened early is
now déhe away with, and under truly aseptic ireatment, as
soon as f‘iucmn‘ti«_»n is detected, an operation is performed of a
to that for tying the external iliac artery, and
wareful dissection. The sooner the
for the abscess cavity is thus

similar nature
the abscess is opened after a
ahscess is opéned the better,
smaller than if the surgeon waits till the pus has burrowed its
wav into-the thigh; and, further, so long as the pus is there
it; irritates by its tension, and thus keeps up the chronie in-

F1G. 46.—DRESSING IN CASES OF OPERATION ON THE AXTLLA ALONE,
In this case an abscess has been opened and the position of the drainage tube is indicated by,
dotted lines, The ediee of the dressing has also beendotted in
flammation in the spine. This, then, is one reason why the
opening leading into these abscesses is generally above Pou-
part’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 neighbourhood of the anterior superior spine.
I shall hereafter discuss the reasons why it is thought best by
some surgeons, more especially by Mr., Chiene, to try to get

Q
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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 ly pro-
viding 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. It reaches as high up as the
lower border of the ribs and as low as about three inches
below Poupart’s lignment. Special masses of gauze are placed

,ﬁ <

,}/

Fig. -l:.-—]))R]CS:iI.\"fi IN A CASE OF PSOAS ABSCESS OPENED ABOVE
POUPART'S LIGAMENT, SEEN FROM THE FRONT,

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

1111 the neighbourhood of the pubis, which is also shaved on
at o1 Tha AQQT ¥ 9 , ;
hat ;l(l(}. The dressing'is fastened on by a spica bandage with
circular turns aro > thigh an ; } i
e Vi l..ulnd the ‘thigh and abdomen. - The elastic
g - S ¢ 0o A BTITe ~ : ]
o g pplied accurately to the edge. It begins, say,
at the upper and anterior : of ressi icall
(l,-,w,,w.u-ll]}; .1]:-,” . (11 terior (u.lglc of the dressing, runs vertically
e bf 1€ .m-tum} edge; then, passing back round
o : ] side of the thigh, it encircles the thigh, thus fixing
18 lower P NS 1 1 ) £
% ]‘vx?u border ; then it runs vertically upwards behind till it
faches the upper posterior angle ; then,

: being held there, it is
carried round the F rtical

a abdomen. The two ends of the two vertical
pieces are fastened to the circular ]

: iece by pins, and pins are
also ¢ at ) .
lso applied at all the angles and

along the edge where neces-
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sary. In some deformed persons shoulder straps are necessary

to prevent the dressing from slipping down (Figs. 47 and 48),
L= \ A

: T
FIG. 48.—PS04S ABSCESS  DRESSING (F1e. 47), SEBN FROM BEHIND

In bumbar abscess straps must pass ove
prevent the dressing from

PUs r the shoulders to
hichs ¢ ] slipping down, and between the
Hghs to prevent it from slipping up (Fig. 49).

At

Fra. 49, —DRESSING IN 3
£). —DRESSING IN A CASE OF LUMBAR ADSCESS, SEEN FROM BEHIND.
The position of the drainage tule § ii
2 nage tuhe ndicated by dotted lines : the verti g d lines &
iddle of the back indicate i'm:‘ edge u'l' t.hcl:i»rg(r)t»{?ﬂl e St
g ssing.

In abscess of the lin-ioi
) , f the /I,-/A/) Jount the-arrangement of the dre
1s much the same as in psoas abscesses
lower down and not quite so 1}

SSings
» except that they pass
ligh up. As a long splint is
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senerally in use, an elastic bandage is unnecessary, unless in
o~ ’ © . e
children (Fig. 90).

Where abscesses are opened near the top of the thigh on
the inner side, and are thus pretty near 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 scrotum,
in the male, there is one form of dressing 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
previously explained. The gauze applied to the wound, instead

ORI

F1@, 50.— DRESSING IN A CASE OF HIP-JOINT ABSCESS, WITH ELASTIC
APPLIED.

The dotted part shows the position of the wound,

of being merely wet with carbolic lotion, is steeped in 1-5 or
in. 110 solution. of carbolic acid in glycerine, and this is
wrapped around the penis and over the scrotum. This gauze
sticks to the skin and does mnot become detached with the
movements of the body, while it is more powerfully antiseptic
than the ordinary 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 scrotum, and the strip of gauze passes up in each groin.
This strip retains the pad in position (Fig. 51). The pad
serves the double purpose of supporting the serotum and re-
ceiving the discharge, which passes chiefly downwards. The
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hollows having been filled up with loose gauze, the general
dressing is applied. A hole is eut in this dressing towards the

F16. 5]1.—DEEPER PART OF THE HERNIA AND SCROTAL DRESSINGS.

Left side of scrotum covered with gauze soaked in carbolised glycerine. Mass of ganze in the

perineum enclosed in a voll of ganze.

upper border, and the penis is passed through this hole, and
thus helps to keep the dressing in position. The dressing

OR ON THE

F1G. 52.—DRESSING IN A CASE OF OPERATION FOR HERNIA,
; THE

SCROTUM ON THE LEFT SIDE, SHOWING THE ARRANGEMENT Of
DRESSING AND ELASTIC BANDAGE

passes over the serotum and over the perineal-pad, and is fixed
by a double spica handage (Fig. 52). The pad in the per
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neum is fixed there by a St. Andrew’s cross. The elastic band-
age is applied in the form of a St. Andrew’s cross in the peri-
neum, and of a double spica (Fig 53). The bandages, dress
: D P <) Cix
ing, and perineal pad are carefully pinned together in the
perinenm.
The methods of managing ezcisions of ioimnts .
eAne : ANAgIg ercisions of jovnts, operations for
ununited fractures, &e., in the lower extremities, are very im-
portant. Here perfect rest must be combined as far as possible
with the aseptic treatmenf. For two or three days after an

F16./68,— ISATNG 1N 1T
w(;)%‘.vwl[)‘n;r;m, IN HERNTA CASES OR IN OPERATIONS ON THE SCROTUM
SHOWING 2 ARRANGEMENT OF THE BANDAGES [N THE DPohraciig
(SEEN: FROM RELOYW) ANDAGES IN THE PERINEUM.

operation it is hetter to o i
pd.rl(lfm 1t is better to change the dressing, which is the
idinary eauze dressine arnlied A o . )
i\ {l Y gauze dressing applied round the lLimbh. simply by lift-
”\._, llL ]1[;1}7, because there is generally a large amount of
Hoody and serous Zi i f :
ot I 1€ serous oozing at first. After a few days this
Zine aq - . o . . - 5
g has become much diminished in amount, and the
dressing is then :

accom lll\lH’ 1 mn 1}1(. fU)ln < ===
b ot § C W o | \
( i 1 ll]., manner : s

e ) t;ﬁ]“:tn'h‘ bﬂ(’l(-ﬁ].(:‘fl alen\'e and b("lnw the situation of the
L ;I‘,li,-}tl.“m] J],'pij;}hiuw wound ln'-.mg left unpadded. The
eloth. ang i\:ﬁrn }iht(f(i 111&; 1\ covered \\‘xtb a piece of macintosh
. .} 4 x\ ; \(d to ‘tbe pfrsf_crmr aspect of the limb

1d below the situation of the wound. Behind the

wound, at the part +w .
) the part where the pm’ldmg is (](“ﬁ(‘ii‘llt, masses
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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 time as an antiseptic dressing (Fig. 54),
When the dressing is changed, a piece of gauze is pinned to each

F1G. 54.—SPLINT FOR EXCISION OF KNEE; READY FOR APPLICATION,
The splint is padded at the er and lower parts, and the splint and padding are un\'nri«l with
Jn;kiﬂ({tcﬁ L:)ipz‘;nlfdbitxlxt(t‘s]x“c}«‘.lm)‘br '\ll'lhe »;m‘c:e ]u|,|m~' e the k:;ue is filled with massés of gange

arranged transversely and superficial to the macintosh.
of the old pieces, and then the old piece being pulled out the
new is pulled in, and thus the limb is mever left without
support (Fig. 55). Over the front of the limb an ordinary
gauze dressing of suitable size is applied.

F1G. 55.—SPLINT APPLIED IN A CASE OF EXCISION OF THE KNEE.
i f i e dressing, I first way described a mass of gaue
‘his shows the method of changing the duxs:nh. In the first Wiy ¢ : t g
l])l\:‘::llllt\)l be pinns.:'l on to the cu?l of the old piece on the other side nf the limb, 80 that .L; l‘:
old piece is pulled out the new is pulled in, or it may be arranged in the ?Coml‘-r‘m;”hvdu
seribed, and shown in Fig. 54—viz., a piece only extends to the middle line behind, an
soon as each is pulled out afrésh piece is pushed in.

Another more convenient way in which this may b

managed with even less movement is to have each of tl}c
masses of gauze mentioned in the former paragraph divided i

the middle line, and thus the half of each mass is pulled ouf

at a time and a new piece substituted (Fig. 54).
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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 (h'cssing.

Excision of joints is now, however, rarely performed, for
with aseptic treatment an incision into a joint and the insertion
of a drainage tube is generall y sufficient, in cases where formerly
exeision 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 im-
portant in children )»and often a certain and even a considerable
amount of motion in the joint afterwards.

It may be mentioned here that Mr. ]\'11:,»\\',\‘10}' 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 are.

Such are the ehief points asto 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 I pointed ont that, as the discharge
from am abscess treated aseptically is not i rritating, becanse not
putrid, it-does little harm even though left to well out, instead

of h.emg penfut.tud to flow out through a dependent opening.
In fact, aseptic surgery has altered the relative importance of
the questions to be considered in selecting a situ

. ation for open-
mgian abscess ; and now the ehjef point-to be looked ‘at is not

whether the orifice of the tube is in the most dependent position
possible, but whether it is at the point furthest removed from
sources of putrefaction—i.e. whether there is the gre

atest pos-
sible space for the ()\'crlnl_»pinq of the antiseptie dre

o ssings.
Indeed, in so abseesses noints AT ST I

A eed, in some '(11_)'.« Z39€8 pornting mear such canals as the
pharynx, anus, &ec., it is better to make

Structures at some djst
cf]amml mto it, than t
aDSeess cavity.,

I

an opening in healthy
ance from the abscess, and burrow a
0 make an inecision directly into the

Saw a striking example of this in Edinburgh several vears
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ago. A boy was admitted into the infirmary with retropha-
ryngeal 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 intg
the abscess cavity from behind. . The abscess followed a typical
aseptic course, and the patient recovered completely. 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 enrdy masses of pus, &e., which may have gravi-
tated to the bottom of the abscess. 'When this is done oppor-
tunity is given for the rapid adhesion of the greater part of the
wall of the abscess cavity, and thusin a very short time there
is merely-a sinus left.leading down to the seat of disease.

There is mo necessity for washing out the cavity of an
abscess, a§is done in so many quarters. To do so i§ simply to
irritate the pyogenic membrane unnecessarily without securing
any corresponding benefit. Indeed, it might give rise to such
an amount of cozing 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 hyperdistension, 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 nof
to be removed for the first time till at least three days have
elapsed since the abscess was opened, otherwise there may be
great difficulty in replacing it. It should not be shortened til
it is found to be absolutely impossible to get it in fully. When
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ever this is the case a piece must be cut off from the end
(Here I speak of chronic 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)
o e . . o . ) 3 3
some diffienlty 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
becanse the tube cannot be pushed out; and therefore it will
be found best in old cases to use a tube having holes only
g holes ¢
olose e . C Thic oo T - - g 1 %
close to its inner en:l. This cannot be held, and is gradually
pushed out as the sinus heals from the hottom. If on removal
of a tube the discharge is found to increase in quantity, the
tube must be reintroduced.
As the ineision i > abscess is merely lar
\s sio into the abscess is merely large enough to
admit the tube, there would he no reason for usine protective ;
e o . . . ey ’ -
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.
The precautions required in order to ensure an aseptie result
are precisely the same as in the case of wounds.
In é¢hanoine Sk B g ' N < e
‘chm,,m‘_, th«; dressings the same rules are followed as
were formerly described withregard to incised wounds. Chronie
abscesses, more especially abscesses conmeeted with diseased
) - - ST AsST
Iun‘les, are extremely tedious ; but nevertheless, as a rule they
lfiltnnutul_\- recover. The same care must, however, be takc;l
To1 ke act ey AT v £ W
l']l‘h]hf to last. It is mever safe to change the carbolic
dressing a boracic one er s i
ssing for a boracic one, however superficial the wound ap-
) T 'I‘ ) 3 e o S 1
]lo"u\ to be. In the case of spinal abscesses absolute rest in
the rec : st S Aintai ti ileida
1 recurnbent posture must he maintained till healing is com-
hiete ¢« ¢ ae el el o os - . = )
Plete ],1 and, as the cases generally extend over many menths it
18 well o warn patient : 3 be i
: :{n patient and friends before commencing to treat
18 case, Tha 3y _ aa - 1 j L ;
: : hether the rule as to the maintenance of the
recumbe e RS S '
'] nt posture may not be modified by the use of Sayre’s
a0ke L) . . - A o 3 il -
Jagket, or even without it, is mow a question.
cases which h: c de
; e which had been under treatment for
Which all uneasiness in the

Lately in two
a long time, and in
spine had passed off, Mr. Lister

l“ )\”\1 the at 0O U up petore e o was 1y )l(‘
avients 20 [
] t ¢ 1 l 1 ]) :ll]] =4 < C (.,

and without any bad results.

Empyem: 8 i
pyema does particularly well under this dressino I
essing.
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-

mention it, in order to state that a mptn'lh'c drainage tnbe: with
a shield like a tracheotomy tube, and with lateral ho]es,»xs the
best, because the india-rubber tube n'nly-get- comj .)ressecl b.et.“.‘e.en
the ribs or be too abruptly bent where it passes into the interior
2 pleural cavity. .
- tl}’?)iﬁzlla:e (Smn; cases in ywhich neitln;\.r the gauze dressing
nor the boracic can be ‘employed, but \.\'hmh may ne\'ert‘heless
be treated aseptically. I refer especially to abscess in the
perineum or by the side of the anus. oo A
Abscess in the perineum may be 1'1'@1“0(1 aseptically with
very satisfactory results. The nh:?t('ess 1; (’I”‘°’?‘f(1 71.1]11(?@.1'11?8
SDI‘;lV, and a piece/ of lint dil)l’.ed in 1-5 th‘huln(f -«)1 ‘ f,n ]"-.
carbolic glycerine is introduced into t.he cavity t(_).act as'a (.Ilel.
Outside this two or three layers of lmt. soaked in 1-5 .czuhoh'c‘.
<;il or 1-10 carbolic glycerine are applied, and h:YO(] “:.1th 11
bandage. SHould this become (lis'plnc-.ed or wet Wf'ﬂl‘lllllvh‘., \t}c:
the patient pours a little carbolic oil or glyc.mmc-, f\)—“velr 1
wound and over the lint, and rep]a.c.es the dressing. A 0 slpn\
is required in changing the (11'e§s1'11gs.. On U‘m t]jml l(tfv\ lx
piece of lint dipped in carbolic oil is Jaid over (h(.‘-,“ (’um]r, tnlu
a pair of oiled forcepsis slipped 1mdf‘:r the lint ‘to sml/.p anc W‘ltlj-
draw the plug; or the plug may s%mp]‘v be ]'n'ﬂl(il() out~ uln(f;:
the spray. Carbolic oil or glycerine 1—]? Ala';ivfllllliziiic;lr
dressing, and when the wlound1 has become superficial borz
salieylic ointment is employed.
Mh?l.?llxtsc i)l:rf: method J)f dressing is r-n'\])]‘,.\ye(l in abscesses
beside the anus. In this case, when thfa patient defae rntf}s,.'hle]z-
holds aside the dressing, defeecates past it, wipes tl}e parts “llt
1-20 earbalic lotion and then with 1-10 c:n:bohc oil, IF(‘ t"wn
sonks the dressing with the‘oil, or applies ar Iy:\v' r]hc:snlll;[z[
(The glycerine and carbolic acid may also be I.l\\'(:’(l.') 1 1‘«-‘x1¢;: ;
(‘»f this method of treating these ;11).~'(-c.\".<u.< is often cxct{ ,(;],l:
fistula in ano being apparently often avoided when the abseess

is taken in time.

So much for wounds made by the surgeon and their Fx'eixt}
ment. I now come to the C")I\Si(l(’l“dt]-(tl‘:‘()f wonrds ]‘)'r()(hl.r,ifh
aceidentally. Here the problem is different from mul-m‘ll,t‘t
more difficult than the former. In the cases we have jus
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been considering we had merely to keep out the septic particles;
in the present instance these particles haye already gained
admission, 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 carbolie
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
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
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 tissne
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 much dirt ground into the tissue, it must he got rid
of by means of a nail brush. The injection and the g
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
Spiritwous solution. This is used in the
other,

ubsequent

same way s the

Having thus got the wound pure the question of stitching
ikup arises.  The answer to this question varies
the parts injured. As a rule, in injury of the
drain is inttoducéd, and the same accurat
Wider the spray as was described on u former
espeeially is this the rule in scalp wounds

aceording to
soft. parts, a
e stitching employed
page.  More
8, where most brilliant
use of catgnt drains and aceurate
The rest of the treatment is the
tion wounds,

results may be obtained by the

S“[Ch]l]g. same as in opera-

Where' the wound is- much contused, the same rules apply
a5 to purification, but, it must not be stitched up.
eation g ('h‘uill:i}_;l,‘ tube. is inserted if necessary, the wound is

left open, a piece of protective is placed overit, and the dressing
applied in the usual manner, :

After purifi-
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I have mentioned the methods t«-v be employed -\\'he'n't‘lzf
wound is seen within the first forty-eight .huur:.l -It m]:ntu’
however, that it does not come under nuh("n. ti v}’mtlu; :}l (u‘)‘u
ﬂ]II‘(':IdV exists. In this case it may bu purified hyl tfu..lllnl,ui_
duction of iodoform suspended in water by .thelz}i Ul-d (f)l“f K
or if saperficial, by stufling it thoroughly \\']T]{ .111  .(I.MIM] m
1<5 earbolic oil.  This drcssiug. repeated for sev 01‘1 (q\;
generaily converts it into an aseptie .\\uund.‘ ln‘ lm;\..\t cases it
:\ best to apply iodoform or the chloride of zine solution.

(ertain special wounnds call for nttcntio.n. Lo
Compound fractures are the \\"onnds in \\]ll(‘l). ]|v1:~ ;
ment was first; applied, and in which e:xcellmlt results (l.m Iu.
obtained. There are a few special points 1.0 be n()t\c(: l-:
purifying the wounds great pains must be tulu;n.Hi nl) (11i
n‘lus{v& be carefully seraped or scrubbed (mt.. All”;.«io( (]\‘();‘
ought to be turned out as completely as possible. ‘ lllci 'ell(. (t”
the bones are cleaned, and if tll(:}" cannot be retw 11@4 1 «,tn f(‘;tl ;
fit, portions should be sawn off. The m@s njul) b'n tlul 1():‘.g :]L“,
with silver wire. The parts ought to be well ]\nm.( ed (; t(,
carbolie. lotion-is injected through thr.,i atheter, in m(tr ;
diffuse the lotion as much as possible into all the I"ﬁt'tf..\,.\t‘.;.("
the wound. No stitches are inserted, but on H'}o ('()1111_‘&11‘\{, ‘u,:;
drainage by tubes is used. '[‘he\‘ same sort of dressmgs an
apparatus are employed as in excisions. LA
Wounds involving tendons, nerves, or muscles, are 1.(?].’(1
in the same manner as others, and the en(ls.nf the dn}ul(r
muscles, tendons, or mnerves, ought to be stitehed t(;gct 1:0
with catgut, and the position of the part so arranged as
avoid dragging on these stitches. . 2 1 A
Wounds of joints are very 111‘xpn;1'lamt. -\\hm'x wt;@ﬁq
operation (excision or amputation) is 1'(«111)1"(117111‘ the 3";-
instance. As a rule the joint may be saved, and pml'h-ct..m{ s
ment obtained by washing it out very thoroughly \'\'}th mr.if .
lotion 1-20. The wound in the joint is enl:n'}_.:e(l if ’uec?rf.;-r.;r;
Where several hours have elapsed since the :lCLf.](!('llt (mmlu:i:n‘
eight or ten hours), it is well to employ th.«c- .Sl?ll‘ltll(,)lls mt %L.]u-,;
A drainage tube is introduced into th.(e joint, but no § }.h(‘d
are used, Aftera few days, when the discharge has diminshets
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the drain is removed. In about three weeks, or earlier, passive
motion ought to be begun, otherwise the adhesions outside the
joint may become so strong as to require to be broken down
under chloroform.

Compound fractures of the skull are treated in the same
manner as compound fractures elsewhere, purification being
attempted with 1-20 earbolic lotion. The dura mater may
be freely dealt with without fear of inflammation, for the
irritation of ecarbolic acid is only very transient. Bleed.
ing vessels are secured by catgut. Should one of the great,
sinuses be wounded, a graduated compress of catgut arrests the
hzmorrhage satisfactorily. This I have known to act very well
in a case of wound of the longitudinal sinus,
the operation of trephining over the seat of

Wounds penetrating the thoracic

occurring during
an old injury.
avity are much more
difficult to treat. Should the wound penetrate the lung, and
sliould the lung protrude, the exposed parts and those

around
are purified with carbolie lotion 1-20.

In deciding as to the
returning of the injured lung and the stitching up of the wound,
the surgeon must be guided by the eircumstances of the par-
ticular injury. Tn 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
extérnal wound closed.  Where a |
might be hetter practice to leave
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 liope that union by first
lntenfion may oceur, that the air may be absorbed, and that
any septic dust present in the pleural eavity may be unable to
tause mischief,

Wounds of the abdomen are variously treated, according as
there is or'is not pr

ofrusion of the contents. Where there is
No"protrusion, and wher

the viscera, the
elosely stitched, so
being uged,

Where ]

arge bronchus is injured. it
the lung in the wound, and

e there is no reason to suspecet injury of
external wound ought ‘to be purified and
as 1o get primary union throughout, no drain

€ Intestines protrude, they ought to be carefully

12
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bathed in warm carbolic lotion 1-30 oreven 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.

If the omentum-protrudes, opinions vary as to the treat-
When'it ean be returned do so after thorough purifica-
1 stitch the abdeminal walls, including the perito-
neum, close together. Where, from adhesion or other sufficient
this eannot be dome, or where the omentum is very
dirty, I should, from a research into theconsequences of un-
returned omentum- by Dr. Kenneth MeLeod, of Calcutta, con-
sider it the safest. practiee, especially in the case of a persou
muscular parietes, to stitch the deepest parts of
the deep part of the wound, cut off the

ment:
tion, and the

cause,

with strong
the omentum- to
_remainder and close the skin over all.

If internal hgmorrhage is going on, appare
he enlarged and the bléeding

ntly from the

mesenteric vessels, the wound may
point sought for. Simon advised that in bleeding from the
the injured organ should he exeised ; this suggestion

kidney,
but nevertheless it is one well

was never put into practice,
worth bearing inmind.

Such’ are the chief points to be attended to infrecent
woundss there remains for consideration the class of casesiin
which putrefaction has been present for a long time. [ 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 sticcessful, - The  sinuss

seraped out with one of Volkmann’s sharp spoons (Fig. 56), and

all the granulation tissue, as far as possible, removed. The
is then washed out with the

aw surface of the sinus, &e.,
chloride of zine solution, which is applied thoroughly te all
parts, and a gauze dressing is used, in the hope that putr&
faction has been thus eradicated. The spray should be (»n]plo_\'vd

during the whole procedure.

If this is successful, well and good. If not, boracic oit= 8

ment (at first full strengt h, afterwards half) or salicylie oint-
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ment, covered with boracie lint, is the best. dressing, indeed. it
e y el Tl A - Tl S eeq, 1t
is the bestdressing in all cases where strict aseptic measures
are inapplicable. e

m e
The aseptic treatment of burns varies according to the
deoree and extent of the injury Ml
g d e q 1e mjury. In any ease, unless where
the burn 1s very extensive and where the parts are extremel
dirty (necessitating scrubbing of the surface and consequ I
urty . g 8 g : ¢ sequent,
shock, and also risk of earbolic poisoning), an attempt should
be made to purify the surface with 1-20 carbolie lotion. Thi
having been done, if th ace i : it 0
aving be 1e, if the surface is sm: oracie oi
e b e is small, boracic ointment (full
strength) and boracie lint form a convenient dressing. Wi
the extent of the burn is or ic dressi e,
Boranio i 1s greater, wet boracic dressing (wet
horacie lint used as water dressine—coy 5 i
: ssing—covered by gutta-percha

+. 86—Two ro
v C DRMS OF SHARP SPOONS
SHARP § NS, A LARGE ROUN DNE
SMALL OVAL ONE. Q" TERER A

tissne aci i

: sue or macintosh) is the most suitable
ressmg 1s also applied in those e
extent of the burnt surface
with

The wet. horacie
cases where, on aceount of the
Ebibic ahia)id : and ‘111(‘ amount, cf dirt, purification
thoreughly cl | 15-not advisable. Where the surfice ;
: y eharred and wl ) ¥ e Lp =
ghly : d where the wound is
( 1s not, very extensive
very extensive,

hf racie on 1 nen Or roohe o1 ]‘]( - > §-, .
() ' ] ) C

7 < ])] v U
'[\I ]) ectl n t ) are th". ])( st (h" SING'S

‘arbolic oil, which w

N B ;'l‘u «n.l, which was formerly used in all cases
i , e surface is large, there may be a f -
TEh ey s there may be a fatal absorp-
] In‘the after-treatmen
( l. ..‘,,,‘ - > . 3
Aressigs (protective anc
instance, boracie

1 ‘} ry OTOS At

1 ]]n sores are dressed with boracic
e - boracic lint, or hetter, in the first
Antment) just as in the case of ulcers

2
The rules
ules as -
to the treatment of oangrene ar - .
gangrene are altered in




118 ASEPTIC SURGERY.

aseptic surgery, and this is more especially the case with senile
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 eleansed 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 canses of
putrefaction. The earbolic acid soon fiies off, and then the
cotton wool acts simply as a filter, while it protects the part
from unequal pressure and retains the heat. This may be
kept on for any length of time,and so jong as discharge does
not extend to the surface or the gangrene above the limits of
the dressing, the part remains sweet, and very often the gan-
grene, 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, as a rule, the gangrene
does not go.on spreading as it does when treated in the ususl
manner; and for this reason:—Suppose that the part is not
treated aseptically,the tissue at the edge of the dried gan-
grenous mass becomes putrid, the living tissue in the neigh-
bourhood is very weak, the putrid material acts on it like a
caustie, destroys its vitality or excites an inflammation whiel
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 gangrenous parts are not putirid,
the weak parts in the vicinity, which wounld to a ecertainty
have died in the former case, retain their vitality and gain
strength. Thus also the rule of never amputating in senilé
gangrene, except to trim a stump formed naturally, is. done
away with, and it is generally better to amputate as soomas
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 reasomng
applies to cases of traumatiec spreading gangrene. This is
only one instance of how completely many current ideas @
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to surgical pathology and treatment are reversed, when means
are taken to render the dust of the atmosphere inert before it
reaches a wound.

In treating n@vi great benefit is obtained from the in-
jection of pure carbolic acid. The nmvus is first thoroughly
ent off from the circulation by ligatures tightly applied around
its base, and then half minims of pure carbolic aeid are in-
jected into various parts of the tumour. Ten minutes or so
having been allowed to pass, in order to ensure complete :m(i
firm coagulation, the ligatures are divided and removed, and the
punctures are tonched with eollodion. The surface h(‘-imr left
completely dry, any slough which forms becomes absurb':«l or
separates as a crust after some time, the part heneath being
found to be a secar. N

The same method answers excellently in the treatment of
varicose veins. A tourniquet having been firmly applied around
the upper part of the limb in order to arrest the eireulation,
the vein is punctured at various parts, and half minims of car-
bolic aeid are introduced into it. The tourniquet is kept on
for ten minutes after the imjection is completed. Coagulation
and aslight degree of inflammation are thus induced, 1\)111' this,
sofar as I have seen, never goes to any dangerous extent, and
18 followed by at least temporary cure. l have not khown
any case return with reformation of varicose veins,

A'dissection or post-mortem wound does not give rise to

I)m.l. results if the wound be instantly purified with 1-20 car-
holic lotion.
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CHAPTER VI
ASEPTIC. SURGERY—MODIFIOATIONS.

Counticy practice : How fo dispense with the spray during the operation—and
during the after-treatment : How to render the dressings less frequent., I8
the aseptic method applicable in wav! \Mr. Lister's suggestions:
Esmarel's plan.: Reyher's method. Development of Aseptic Surgery in Mr,

Lister's hands: Compound fractupes—Pure carbolic acid—Formation of

erust— Canbolic putty—=Lead plaster—Lac plaster, syringing wounds with

carolic lotion, protective, catgut lgatwres, method in 1870—Present mathod
in the main introduced in 18T1—Further introduction of wet gauze, stean
spray, clastic bandages : abscesses—Method of opening: them under eqrbolic

oil : wounds.

SucH are the methods usually employed-in carrying out the
Listerian prineiple in-Hospital or in private practice. It is,
however, said to be difficult of application to country practiee,
and we must- therefore enquire 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 infrequents
so as to ayoid expense and unnecessary visits, and we must ftry
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. Buf,
suppose the surgeon has not a spray at hand. What is to be
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
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are being inserted ; and then, before the piece of wet gamge is
applied, he may distend the wound with the sume l()fit‘)]],ﬂ]«'-
wet gauze being applied while this is still flowing out. At
the same time I canmnot see that, in the great m:\jori;y of cases,
it can be any great hardship to carry a spray to an operation.
During the after-treatment a spray is not necessarv. The
spray may be rendered unnecessary during the after-t l‘l-m'nu"nr
in two ways. In the case where (::ngn{ stitches and catgut
drains are used a deep dressing may be applied at the tfllm
of the operation, and may mnever require to be changed.
This deep dressing is fixed down in some wav - 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
picce of wet gauze larger than the deep dressing, and the
general dressing are applied.  Should it be necessary to remove
rh(-‘ deep dressing, there is no necessity for the spray, if catgnt
driins be used, because there is no cavity inte which air may
pass. The deep dressing haying been removed, carbolie lotion
s 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 ease 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
placg. This may be avoided by the use of a syringe which
c;mstnnﬂ_y keeps a'stream of carbolic acid Jnl'i«)n.]r\.\'?ing over
the wound and over the drainage e, till a fresh dressi
s applied.  Should it be Ixe:'-l:\‘i:(xl'x‘“tlflv'/r,('-inlll«l)\':\- If;:"\ll ‘h“"‘m_‘of
ssary to re e tube it is
\\w,"l.], in ‘:ul‘ditiun to this constant flow of lotion. to cover the
:;llt‘]t;:;f \t‘lllt\ :fl]l"() t“ll‘ifh lx (I”;%H(Illl\‘,l::;l iln.ﬂu—:. :.n'ni..\‘epfi? lotion.
: ) e‘a gu soaked 1 carbolic lotion and
fU]t.!cd m several layers, and place this over the orifice of the
df';lll‘l:lgv tube, extending on each side of it for a considerable
:l}]ft.m?(lo' The r.u}:u: 1s now seized witha pair of forceps through
;,,:l.:“:{g{:“:,l 1{\ ltr”is pulled out Fl“. 1'u§:5 is c;n'(‘f.ul]u\,' tucked ‘vin
I o 0 05 | compel the air, as it passes in to take the
].’ M of the drainage tube, to traverse the moist guard. This
S¢ems to me better than the method of slip]»iu.g in forceps

under the ouard . d .
the guard and pulling out the tube, the cuard being well
¢ 5

Pressed down on it, Ip taking
o

out wire or silk stitches, the
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guard is pulled aside so as to expose the stiteh, a little cavbolie
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 lints in cases where a drainage tube or non-
absorbable stitches are employed, suffice 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 ganze, but, the best way is to use sponges in the
interior of the dressing for the purpose of absorbing and retain-
ing the fluid. The deep dressing having been applied and
fixed, a large sponge ox several small ones are placed outside it,
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 put refaction 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 thé operation. When the dressing

is changed these sponges are squeezed thoroughly, washed 1
earbolic Jotion 1-40, and reapplied. By the use of sponges two
or three dressings suffice for the treatment of most operatiol

these sponges having just been wrung out of carbolic lotion;

wounds.

3y the use of salicylic jute in large masses, the same avoid-
ance of frequent dressings may be obtained, but this material
is not very trnstworthy as an antiseptie.

Theroughly purified cotton wool, which may be obtained
cheaply by impregnating it with sulphurous acid fumes, ap=
plied in large mass may prevent the necessity of frequent
dressing.

By the means deseribed, the difficulties in the way of the
adoption of this system in country practice may be overcomé
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2

and instead of causing additional expense to a poor patient, it
saves expense in. many ways. The dressings required urc’m
few that the price of the materials 01111110;0(] is not rmt‘ ;
than that which would be necessary (.*.vm{ if water (li‘ :11:
were used 3 and expense is saved in many other \V:l\'; ué 1 \lnijl
mention in the latter part of this work, notably in,tlll(A ;1 "‘d
healing, which is of course of the grtrutcSt consequence o i

bread winner. L

Is the Aseptic method applicable in. War?

In the ¢British Medical Journal® for September 3, 1870
Mr, Lister describes a method for the use of army SH’I'(T("()HQ,
He T:u.ggests that the wound should, as soon as ])«':ssi.bh‘:ﬁ '1f'tt;1;
the injury, be thoroughly washed out with 1-20 carbolic lo(li(m
;1‘]: lsiurr(mnding skin being at the same time pm'iﬁed.,
A N e T

1 is full of lotion, extract the
bullet, clothes, &¢. Then eover the wound with two or thr b
layers of oiled s&ilk, smeared on both sides with carbolie oil 1—("L
Over this apply layers of lint soaked in the 1-5 oi]; ()\"eﬂupph]’)g;

}lu oiled silk for about three inches in every direetion, and
abho artar 3 . 3 Y : o ;
wout a quarter of an inch in thickness.

This is covered witl
= e S S 18 d with
gutta-percha tissue, and the whole is fastened on with a band:
sdaked in carbolioofl This 1 ( h a bandage
- arbolic oil.  This is the permanent dressing. Out
S1C ¥ 3. aAn O ¢ - 1 F —— i .
118, another and larger dressing of oiled lint covered by
gutta-percha tissne ic amnls ai s e 3
Fr ] l'f11<11.1 tissue is applied daily. During the first day apply
e811 ( 2O . 1 1 v - 3
e ill to the outer cloth once in six or twelve hours. On
1€ following day t i , eubid
r day the outer ‘essing is e i
s A, ﬁ-,b- %) ter dressing is changed, carbolic
1g introduced under the edge, as it is lifte
Lt s Wi 9. R er the“edge, as it is lifted, by
yringe ; arbolic oil may be poured i f
o tl syringe’; or carbol I may be poured in. After
5 rst dr N . SO 1 - » '
. lcl..mg use the 1-10 oily solution, and later the
=z, n av oil 1 1 ’ ‘ I
o l“n.‘ second day oil is only applied once in twelve
TS, aiter thatdt.is appli ily for £ i ’
; s.applied daily for five or six davs, :
k] Pl 3 five or'six days, and then
In ¢ i
1t compound fractures use a wire
dressing :
Wil'w,

i splint mnext the deep
)i apply s fres 3 fiel 1

s ]].[ y the fresh superficial dressings outside the

S S e = 1 ;

plint need not be removed till union is complete

" ’

the oil bei
% eme merelv nour
: 5 merely poured between the mes ;
S ¢ . . e meshes sn the
dressing is ehasioed, shes when the

e

—

T e ——

-

- -




ASEPTIC SURGERY—MODIFICATIONS.

| Prof ESUAEISERSTER VERBLRD

-~
[}
-
-
o
(&)
5
=
—
~
-
bl
(o3
&
&
~
s
0w

1@,
Packet fol:

Tampon

5.

Antiseptic tampon.

3. Guouze bandage,

mndnge.

1,

BEamarch's first dressing for the wonnled inbattle:
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Esmarch, in Langenbecl’s ¢ Archiy,’ 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
of putrefaction. Therefore, if the wound is not examined by
dirty fingers or instruments, and if it }

the wound any causes

e seen at once, it may
Starting on this prin-
ciple, he suggests that each soldier should be provided with
tampons of salicylic cotton, wrapped in salicylic  gauze.
57 represents the contents of the packet of dn:.ssings which
Esmarch proposes to supply to each soldier, At the front, when
there seems any possibility of saving the limb, these tampons
are introduced into the openings, and bandaged on without
any preliminary probing or examination of the wound.
other necessary apparatus is applied
the rear. At the rear

in most cases be regarded as aseptie.

Fig.

Any
» and the patient sent to
the skin around the orifice is purified
with some amtiseptic lotion, and if there is an
explore theé wound, as for removing bullets,
tampon i8 removed under the spray, the
and an antiseptic dressing applied.
for exploring the wound, the skin ig merely purified, and
then a amass of salicylic jute or other antiseptic material is
applied without disturbing the tampon.
later the wound must be enlarged, and
purify-it.

Y mnecessity to
splinters, &e., the
wound washed out,
If there is no necessity

If putrefaction oceurs
an attempt made to

Conservative surgery being more

applicable with the aseptic
method, the necessity for

rimary amputation at the front is 1
sts only in the case of smashes from
Esmarch considers that for such ¢
supply ‘of ‘antiseplie materials should

€S8

frequent, and as a rule exi
Jarge balls. ases a sufficient
be present in the am-
S not treated aseptically which
vils of investigating the wound at the frst,
“ So weit ich habe in Erfal
nen sing (lir-jwning'm Fiille

bulance, Referring to those case
do well, and to the o
Esmarch says ; irung ‘bringen kén-
y welehe aseptisch verliefen, auf
dem Schlachtfelde nicht mit dem Finger griindlich untersucht,
sondern gleich verbunden worden, withrend
denen wiederholte
oft einen besond

solehe Fille bei
I'mn-rsuc]nmqvn vorgenommen

ers schlimmen Verlauf zu nehmen schienen.’

:thod has heen put to the test by D,

waren, mir

Esmarch’s m Reyher

= T E—

— A TES XS
444.‘:—.:4 o e B e e 2
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His results were

during the late Russo-Turkish campaign.
He carried out the

excellent, and will be referred to later on.
aseptic method in two ways, according to the mature of the
injury and the treatment before the case came into the sur-
geon’s hands. These are, either that the surgeon closes the
wound Without further treatment, merely disinfecting the sur-
rounding parts, or else that he cleans out and purifies the track
of the bullet, and afterwards makes provision for free aseptic
drainage. In the first instance healing occurs under a crust;
in the second, under a moist and antiseptic dressing.

The cases. which are suitable for the first method of treat-
ment—treatment by a crust—are thosein 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
wonnd ismore or less valvular, and where no examination of
the wound by finger, probe, &c., 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 eovered by a mass of salicylic wool or
carbolic-gauze. - Reyher lays particular stress on the ayoidance
of probing or draining such wounds. On the contrary, any
communication 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 iu the skin is not-so small nor valvular, and
where there is more likelihood of articles of dress being 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 mnot required for the
majority of cases, and indeed by following the lines previously
indicated it may be entirely dispensed with. The gauze re-

|
|
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quired for the dressings can be made in the vicinity, and for
this purpose Reyher carried with him the machine for making
gauze deseribed in Chapter ITI., and had thus a constant snp])l‘y
of the freshly-prepared material. There is not much (liﬂi(:ult\:,
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 difficulties hy I';r(')(-c-c-;iillq in
the following manner. In the first place, instructions \‘verc
given that wounds were never to be examined at the front
either with fingers or instruments, nor was any attempt to bP’
made to extract a bullet. The only (:xcoptiuu; to these ]‘lllt‘..;
were cases where blood-vessels were injured, though even in
these it was -generally possible to apply an Esmarch’s elastic
hand to control the heemorrhage temporarily ; and cases where
the projectile had passed into the large cavities of the body
and, without wounding the contents, had remained in t]lev \v:;li
of the cavity. In suchia ease the bullet ought to be extracted
at once, lest it should fall inte the cavity during the transit of
tlf«"- patient. ¢ For surgeons at the front there is only one line
of treatment—to occlude the wound provisionally—to lay the
.wmlude.d-]ulrt, in a suitable position on the litter, and to render
it Provlsu‘)rmlly immovable. As provisional dressing the sali-
cylic balls recommended by Esmarch dre the best’ This
met ]'u'ul is chiefly suitable for cases where the soft. parts a]r»nf;
are-injured. Most of the serious cases can be attended fo- a;'
a rule at the foremost ambulance. :
The more surgeons become imbued with the true principles
of :1:\'(-]»11(? surgery, and the more thoroughly they grasp anti-
lgltlxljtlljtll:::lg?.:\“ ;'I{lniil]lllilli (\r tflé\:(,?]f 'il)m.)(‘?lf.s, S0 11131c]1 t‘h’(- greateris the
Pl : g aseptic results. Reyher’s results show
strikingly wl ]

- 1at can be done with the methods at present at
our disposal,

r

e There can be no doubt that with improved

ll‘\ s Q « a ~ WO S r - ’
thods and increased knowledge and experience, aseptic

s ad . : Crience, as v
gery will soon be universally earried out in war.!

It will be interesti '

1 be mteresting now to trace the gradual development
! For a. #4s o A .

¢sumé of the opinions of army surgeons on the best methods of
o surgery in war, see a little pamphlet by Surgeon-Major
oteson Antiseptic Surgeryin War. London: Ranken & Co. 1881

earrying out aseptic

H. .\l-:llzuicw,
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of this system in Mr. Lister’s hands. This will not only be
interesting but instructive, as showing how aseptic (\'lll"‘_{'t"l'}'
may be carried out in circumstances where spray, gauze, &c.,

cannot be obtained. -
The first cases in which the treatment was tried were com-
pound fractures, and the first attempt recorded by Mr. Lister

was miade in March 1863. This attempt was unsuccessful, as
M. Lister subsequently believed, from mismanagement.! The
next case was a compound fracture of the tibia, caused by the
wheel of a waggon passing over the leg. - The external wound
in this ease was' 1% linch long, and £ inch broad. A piece of
lint dipped in carbolic acid (which was at that time only got
as an impure liquid known as German creosote) was placed
upon the wound. Four days later this lint was 1'(‘.11\(»\'.'-('1, i.ﬂlll
the wound dressed with lint soaked in waterin which this im-
pure carbolic acid was diffused. Five days afterwards a s n-luf.iu'n
of one part of carbolic acid in from 10 to 20 parts of k.)h\‘c oil
was used for four days,and then ordinary water dressing was
resorted to.

The aim.in this case was-to form a crust consisting of lint,
¢arbolicracid, and bloods which would- protect the deeper parts
from putrefaction. In this instance, however, the scab eame
off_on the fourthday, and in order to avoid this occurrence,
Mr. Lister, in his next cases, upplh;tl a piece of lint dipped in
pure carbolie acid as hefore; large enough to overlap the s«n'm(‘l
skin for a quarter of an inch all round, and covered with oiled
paper, applying for the first four days uul.\i(.lc t,ln..x' arrangement
a piece of lint soaked in pure carbolic acid. The erust was
left runtouched till the eleventh day,and then water: dressing
was used.

Tt nowhecame evident that, owing to the volatility of the
carbolic acid, means were required to prevent its evaporation.
Accordingly, in the next cases a layer of sheet lead or of block
tin was applied outside and overlapping the erust.

Up to-this time there was no atfempt made to purify. the
interior of the wound in the first instance. How was it, then
that no putrefaction occurred? Probably for the following
reasons. It may have been that no septic particles had got

! See numbers of the Lancet for 1567,
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into the interior of the wound because the blood flowing con-
stantly out would prevent the entrance of solid particles, which
would thus only be present if dirt was introduced at the time
of the accident, or if mueh movement of the fragments oc-
(.-urrenl:&fterwzn'd;, with consequent introduction of air. Furt her,
if any septic particles were present they may not have been
able to produce any effect in the presence of healthy living
blood elot. (This will be discussed hereafter.) TLastly, the
strong carbolic acid, though applied only to the surface, rapidly
spreads into the interior even to a depth of one or two
inches.

The necessity for purifying the deeper parts of the wound
soon hecame evident. A case was admitted in which, when the
tissues around the wound were pressed, bubbles of air escaped
along with the blood. Here Mr. Lister squeezed out as much
of the clotted blood and air as he could, and then applied a
piece of lint dipped in pure earbolic acid, slightly larger than
the wound, and over this the piece of block tin. The erust
was daily painted with carbolic acid, the tin cap being reap-
plied on each oceasion. This treatment was continued for
three weeks,

This purification of the deeper parts was carried out more
therouglhly in the next ease, in which it was necessary to saw
o a portion of the ulna, and here the whole of the interior of
the wound. was swabbed out with pure carbolic acid.~ Tn this
case Mr. Lister first became acquainted with ¢ antiseptic sup-
puration,’ i.e. suppuration due to the irritation of the anti-
septic applied. (The evil effects of the pure caustic carbolie
Aid\ in/ causing ‘excoriation of the skin had been already
noticed.)

Finding that no harm resulted from the free application of
pure carbolic acid to the interior of the wound in the last case,
the next which came under notice was more thoroughly treated,
the contused parts heing well manipulated and squeezed, so
as-to induce the liquid carbolic acid, which was introduced, to
Pénetrate into all the interstices of the wound. Ata later period,
- order to permit cicatrisation, the crust was clipped away
around the margin, and a solution of sulphite of potash (5 graing
to the ounce) applied. \

K
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In future, the method of introducing strong carbolic acid
into wounds by means of a piece of lint soaked in the undi-
luted acid, held in dressing forceps, was adopted. The blood
clots were as far as possible removed.

In order to obtain a more substantial erust and one less
likely to be detached, in eases where there was too little blood,
a 1‘):1;&- was made use of, eomposed of starch, moistened with
carholic acid placed outside a piece of calico soaked in pure
acid, and applied next the wound. As a rule, however, there
is enough blood to form a substantial crust if several layers of
calico are used.

A great risk of putrefaction was; all along experienced,
owing to the fact that the pure acid could not be made to
overlap the skin around the wound because of the excoriation
:aused by dt. This risk was especially great in the first
twenty-four hours, during which there was a profuse flow of
blood and serum. Hence attempts were made to obtain some
sort of dréssing containing the acid in-a more diluted form,
and the first-fruits of these attempts was the formation of
various pastes, of which the chief was long known as earholie
putty.. This consisted of a 1 in 5 solution of carbolic acid in
boiled linseed oil mixed with common whiting (CaC0,), ta
the consistence of a firm paste or putty. This was then spread
on a sheet of block tin, forming a layer of abont a quarter of
an inch in* thickness: A piece of lint dipped in 1-5 oily solu=
tion was retained permanently next the wound so as to prevent
its exposure during the changing of the dressings.” The whole
dressing was firmly fixed down by means of a continuous series
of ‘strips of plaster, which; however, were absent at the most
dependent’ part, so as to-allow the escape of discharge, which
was received on a towel. After some time it was found better
to apply this putty between two layers of calico, and then the
block tin outside all.

The advantages of this dressing are: the tin applied out=
side prevents the escape of the carbolic acid, the acid in the
putty is just sufficiently diluted not to excoriate the skin, \\'hilr‘:
the paste serves as a reserve ir for the acid during the intersal
which elapses between the changing of the dressings, the dis-
charge, as it flows out beneath the putty, taking up only 4
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gertain amount of the acid in its course. If necessary the
strength of the acid in the putty may be reduced. [

[ts disadvantages are that it is clumsy and inconvenient
to manipulate, and that it is very apt, when subjected to move--
ment, to erumble away, and thus become an uncertain dress-
ing, Attempts were therefore made to improve it, and recourse
was had to various forms of plasters. The first of these was the
lead 1)1”-\'/'”'."

The following is the mode in which this is prepared :—

Take of olive oil 12 parts by measure

s 5 litharge (finely powdered) 12 parts by weight

=

beegivax ]
o 4y Deeswax S T ) ”»

w5 crystallised carbolic acid 21 |,

T P

Heat half the oil'over a slow fire; then add the litharge gradually,
stirring constantly till the mass becomes thick or a little stiff. Then
add the other half of the oil, stirring the mass as before, #ill it becomes
thick. Then add the wax gradually till the liquid again thickens.
Remove from the fire and add the acid, stirring briskly till thoroughly
mixed, Coyer up elose and setaside, and let the litharge settle, .thm.;
pour off the flnid and spread on ealico. The large quantity of litharce
in this mixture was introduced for the purpose of 1)1‘~:e;'l*11t'i11'f the
molting of the plaster at the temperature of the body. i

Ihe wound was ‘dressed with layers of lint soaked in ear-
bolie oil, and this dressing was covered in all divections with
the plaster. This plaster was renewed daily.

Aswith the putty,so here, the deep dressing was apt to be-
come displaced, and therefore Mr. Lister used lead plaster as
the ontermost layer of the deep dressing, in the hope that it
would adhere to t

1e skin and prevent lifting of the edges of
the dressing.

In order to prevent the outer layer of the

naster from sticleinor is i i i

Ih.“‘ fl()l.l .\fl(l\l“_& to this mner l)“l.“(\n_ a piece of calico

moistened i i i '

tl"' ';»hul in the watery solution was interposed. - But though

Nemtaster does verv w * i i a
plaster does very well for the outside layer, it/ 'doés not do

for the ]

from the calico to soak

sime time this dee

shift it pl

ermanent dressing, for it allows the watery solution
through to the wound beneath. At the
p layer, not having formed a erust, is apt to
ace, and fo leave the wound more or less exposed,

7 < -
Y Brit. Med. Jowrnal. October 31, 1878.
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Mzr. Tister accordingly tried other sorts of plaster, and at
length in shell lac he seemed to have found all that he wanted.
This lac mixes in any proportion with earbolic acid, and is more
or less fluid or tenacious, according to the quantity of acid
present. The shell lae-parts but slowly with its acid, and thus
forms-a good dressing. ' It is, however, very apt. to st i‘(-,k, and
in order to prevent this Mr. Listerinterposed a layer of gutta-
percha between it and the skin. | The carbolic aeid passes
through the gult‘u—pm'ch:\ with extreme readiness, while the
latter prevents the lac from sticking to the deeper parts,
Gutta-percha tissue, however, proved apt to erack, and then
the discharge @ot between it and theTlac plaster, and thus
the fAuid beneath it received but little carhbolic acid. Henece
the same result happens with this cracked gutt:l—lmrcl,\:‘t as when
protective extends to the edge of the dressing—viz., a deep
laver of the fluid is more or less protected from the action of
tl‘:e acid, and puftrefaction can spread inwards.

After several experiments he ultimately employed a solution
of gutt:n—pon'lm in bisulphide of ecarbon to brush over the

surface of the lac plaster.

The following is the method of preparving the plaster:—
¢ Take of shell lac 4 3 3 parts
. | 5y erystallised carbolic acid . : : 1 park
¢ Heat the laewith about one-third of the carbolic acid over a slow
five till the lac is completely melted, then remove from the five and
add the remainder of the acid, and stir briskly till the ingredients ate
thoroughly mixed. Strain through muslin and pour into the
machine for spreading plaster; and, when-the lignid has thickened by
cooling to a degree sufficient, spread to the thickness of uz:c«ﬁl‘iviolh. of
an in(_:]‘l. Afterwards brush the swrface of the plaster with a golution
of gutta-percha in about 30 parts of bisulphide of carbon. . \\'lu’fmhe
bisulphide has all avaporated the plaster may be piled in smt:.lllle
Jenoths-in & #in box without adhering, or rolled up and kept &
canister.’
For the permanent dressing in compound fracture :l‘dh'."
siveness iz wanted, and this is obtained by rubbing off the

gut,lu—]m'(-hu and brushing liquid carbolic acid over the surficé
At this time (1868) the necessity for protecting the healing

parts from the direct action of the earbolic acid was begimiiig

ITS DEVELOPMENT. 153

to be recognised, and Mr. Lister first speaks of the use of block
fin or sheet lead as a protective.

At the same time, having obtained a purér carbolic acid
soluble in water, he gives up the application of the ‘pure acid
to the interior of the wound in compound fractures, and syringes
it out with a solution of 1-20 instead.

In the ¢ British Medical Journal® for March 19, 1870, a
description is given of the method then used. The wound was
in the first instance thoroughly syringed out with 1-20 carbolic
lotion. Then oil silk covered with a layer of dextrin was applied
in one or two layers, and outside this the lac plaster. If much
discharge was expected lint ora towel was placed outside the lac
plaster in order to absorb the (“s(']‘x:'n‘g(-. Where the (h'essing
was left undisturbed for a week two layers of plaster were used.
Where a small piece of lac plaster was applied as a deep dressing,
and where consequently the gutta-percha was rubbed off to allow
theplaster to adhere to the skin, the gutta-percha wasleft at one
part so as to afford a channel for the escape of discharge.

In changing these dressings a solution of carbolic acid 1-20
was thrown over the wound by means of a syringe, as the dressing
was raised, and then a guard soaked in the lotion was applied.

In 1869 eatgut ligatures were introduced.

The objections to the lac plaster are that the discharge
putrefies outside the plaster and irritates the skin, that the lac
keeps the surface beneath it -moist. with what is really a film of
watery solution of carbolic acid, and this again makes its way
under the protective and irritates the wound.

Very shortly after the use of the aseptic method in the
treatment of compound fractures it was applied to abscesses.

The first publication on this subject appeared in the
‘ Lancet® for July 27, 1867. The method of opening the
abscess and of changing the dressings employed with the
means at that time at disposal are very important with
refevence ‘to the question of operating and  dressing without a
spray. -~ A piece of rag dipped in 1=5 carbolic oil is laid on the
skin where the incision is to be made. The lower edge of this
rag being raised, a knife dipped in the oil is at once plunged
in:m the abscess, and the rag immediately dropped over the
orifice through which the pus is pressed out. A piece of lint
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soaked in the oily solution is theun introduced into the opening
in order to stop bleeding and to prevent it from closing. This
is done by slipping the strip of lint under the antiseptic rag,
With regard to the dressing, the putty is here described and
used outside a deep. dressing of carbolic oiled lint, a layer of
calico being interposed hetween the putty and the deep dressing
to prevent them from st icking together. The putty is changed
once in twenty-four hours, or oftener if necessary. In doing so
arag dipped in the oily solution is placed over the wound or
the deep dressing the instant the old putty is removed. 1If a
plug of lint has been introduced in the first instance it is after
a time (two orthree days) withdrawn by pushing oiled forceps
under the piece of oiled rag, seizing hold of the plug and
pulling it out; the oiled rag being pressed thoroughly around
the forceps. * If a probe is introduced it must be oiled and then
slipped in between the folds of the oiled rag. As the various
means deseribed nunder compound fracture were introduced they
were applied to abscesses on the principles already deseribed.

The first example of efficient aseptic treatment in the case
of wounds published by Mr. Lister will be found in ¢ The British
Medical Journal > for October 31, 1868.! The case narrated is
one of operation for badly united Pott’s fracture.

¢ On the 11th inst. (April, 1868), the man being under the
influence of chloroform, I made a curved incision behind and
below the prominent end of the tibia, a solution of carhalie
acid in four parts of olive oil being dropped into the wound
during the progress of the operation. T detached the soft
parts from the bone sufficiently to enable me to insinuate
behind the callus.one blade of a pair of cutting pliers smearell
with the same oil; and then having placed pieces of lint soaked
with the oil around the blades of the pliers, so as to prevent
the chance of septic air entering the joint when the bone gave
way, divided the callus, and at once covered the wound ywith the
antiseptic lint. . . . The wounds were then dressed with.8
weak oily solution of carholic acid, and covered with the anti-
septic (lead) plaster. Jresh plaster was applied daily.’

I need not repeat the various modifications in the treatment

! Reports published during the same year by Drs. Heron and Mallach will

be found in the Glasgon Medical Jowrnal.
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of wounds, as they are similar to those just described under
compound fractures.

In the * British Medical Journal’ for January, 1871, M.
Lister first mentions the gauze dressings, and also refers to the
use of oakum. The spray is also tried. In August, 1871,
this method has been established, the present protective was com-

pleted, and macintosh was substituted for gutta-percha tissue

below the outer layer of the gauze. The drainage tube is first
mentioned in August, 1871, in the treatment of wounds,
though it had been used for a short time previously in the case
of abscesses. At that time the piece of gauze next the wound
was not wet. It was some two or three years later that the
necessity for wetting the deep layer was recognised, and since
that time the results have been much more constant. With
the introduction of the steam spray, of the elastic bandage,
of the improved gauze, &c., there has been a marked improyve-
ment in resalts, and the- avoidance of putrefaction; in cases
where the wound is made by the surgeon, is now reckoned on
as a matter of course.
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CHAPTER VII.

ASEPTIC SURGERY——(conclhuded).

S > S ic Sur r Substi es for carbolic

Other mefthods of carrying out Aseptic Surgery. Subs Illlll}' s

114 \. i Fi B f i s dhue 8 oL,
id : wlicylie” acid: Thymel :  Aecetate o Alwmina : yuealy.

agia: o Y& e Y /

sept surgery b ¥ I £ 1 1 Subcutaneous surgery.
3 f filtration of the air. >
Ase Cc aery oy

i i F asentic surgery as introduced
Suom are the essential details of aseptic surgery as TIA i
md practised by Mz Lister. The disadvantages arising “1:3
b { < SC 4 o LASLEL. > : \
= 5 Sians nf |l sarBao a0 ave
the irritating and poisonous qualities of carbolic acid h}“ @ #
3 to) 5 - | N P ' il
some to seek other antiseptics as substitutes for 1c..nhu 101 a(.* T
Thes : ¢ rever, succeeded in producing
These attempts have not as yet, however, succeeded 1] t %i{,
any substanee possessing” so many advantages as t.l.\l. acid,
Finsdl [ st s Thiti 1 J Was
The most successful substitute up till quite 1((.111?).1
alievlie acidy which is-used onexactly the same principics,
N4 . © . 2 4
hut. riot with the same constant aseptic results. o
i . . ~ o 3 . -ofess0
The. use of salieylic acid was first advocated b}l 1o :ai
inzie: e fi Aine is a short abstractio
Thiersch, of Leipzig; and the following is a |
his method of using it. 8
l : i slated to car  acids
Salievlic acid is chemically nearly related to unl;ohr‘l .
e s iffering srefore fro hat of carbouc
Its formula is C H O, differing therefore from t

e it LOMS arhonic anhys
acidl in/ confaining -in addition the atoms of C.nh‘um: j )
( 5 o acid ist CLHL.O.)  Dalicylie
dride.  ('The’ formula of ecarbolic acid is' CgHO.) ey
» ) ) . v 2 ande 3n the g
acid is not poisonous, but it affects the hands in lllt. o
‘ ‘ 2 . N Qr, - g
wav as carbolic acid. It is absorbed, and may be found n
urfnv of patients whose wounds are dressed with it. .

3 = . 8 1 F This is asaturate
A lotion of salieylic acid is employed. This is a satur A
o ] inary temperature; ai
solution of the acid in water at the ordinary temper mue‘[ :
: . o avda
i ; 300 parts 0
its strength is about 1 part of salicylic acid to 300
water. ' . -
. . Apeccinoeviz.. salicvlie wool-and
Two materials are used as dressings—rviz., salicy

salicylic jute.
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Salicylic wool 15 cotton wool impregnated with salicylic acid
in the ),1:(»11(;1‘11'011.\' of 3 and 10 per cent. by weight.

The 3 per cent. wool is made by dissolving 750 grammes of
salieylic 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 salicylie 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 w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>