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V-  SURGERY;

ITS

THEORY AND PRACTICE:.

e

SECTION I
GENERAL PATHOLOGY OF SURGICAL DISEASES.

INFLAMMATION.

INFLAMMATION was defined by Dr. Burdon Sanderson as ‘‘ the
succession of changes which occurs in a living tissue when 1t is
injured, provided that the injury is not of such a degree as at once
to destroy its structure and vitality.” This definition is defective
in that it states only the reason why these changes occur, not their
purpose. The purpose of inflammation is to antagonize or remove
irritants and prepare the way for reparation—or a return to the
normal. Inflammation is therefore, perhaps, better defined in the
words of Professor Adami as ‘ the series of changes constituting
the local manifestation of the attempt at repair of actual or referred
injury to a part,” or briefly, as the local attempt at repair of actual
or referred injury. Inflammation may ocecur in any tissue of the
body, and in whatever tissue or organ it occurs, whether superficial
or deep, transparent or opaque, vascular or non-vascular, soft or
hard, the pathological process is essentially the same.

(ENERAL OUTLINE OF THE PROCEsS.—Let us first study the
process as it may be observed by the naked eye, say, in a portion
of inflamed skin. The part is uniformly red, hotter than the sur-
rounding skin, swollen and painful. The redness momentarily
disappears on pressure, and gradually fades away into the natural
colour of the part around, but later it becomes mottled, and in
places of a deeper hue. There 1s usually some cedema about the
inflamed spot, and the neighbouring lymphatic glands may be
slightly tender and enlarged. If an incision were now made into
the inflamed tissues, they would be found fuller of blood than

natural, of a bright red colour, and infiltrated with serum ; whilst
‘Wi B



2 GENERAL PATHOLOGY OF SURGICAL DISEASES.

if the}ymphﬂ,f:ica leading from the part were opened, as has been
done in animals, they would be seen to be transmitting more 1 h
than under normal conditions. The infl 1 B

: I . Inflammation may now ter-
minate, leaving the tissues apparently normal (resolution), or it
may lead to certain changes producing irreparable damage to, or
total destruction of the part. Thus, the damaged tissue may be
rep}uce‘d by thickened or indurated tissue, and a condition result
which 1s generally described as one of chronic inflammation ( fibroid
thickening); or the tissues in the centre of the inflamed spot may
soften and break down, forming a creamy fluid called pus (sup-
puration and abscess); or the more superficial tissues may undergo
molecular destruction, leaving a raw surface (ulcerafion): whilst
again the whole of the tissues in the inflamed area may lose their
vitality and die ‘“ en masse ” (gungrene). When the inflammatory
process 1s at all severe, constitutional symptoms will also be
present. Thus, the temperature will be more or less raised, the
skin dry, the pulse increased in rapidity, the tongue furred, the
appetite lost, the bowels confined, and the urine scanty and high-
coloured—a condition known as inflammatory fever, and due in
almost every case to the absorption of some poison (intoxication).
Under some circumstances the constitutional symptoms may be of
a more serious character, and secondary inflammations may be set
up in internal organs or in other parts of the body: the patient
is then said to be suffering from septic or from infective POTSOTRING,
conditions which, as will be pointed out hereafter, are due to
poisonous bacteria or their products entering the general blood-
stream or the lymph-channels at the primary seat of inflammation.

The wminute changes that occur in the above described pheno-
mena have of late years been very accurately studied in the tissues
of the frog, rabbit, dog, and other animals, and in sections of the
cornea and tongue of the frog. They differ according to whether
the inflimmation oc-urs in a vascular or non-vascular area.

(@) In a non-vascular area, e.g., the cornea, necrosis followed by
proliferation of the fixed cells may be the only recognizable factor
in the process of repair of injury ; or there may be an immigration
of leucocytes, attracted by a process of chemiotaxis to the region of
cell destruction. In a more intense inflammation, such as that
produced by pyogenic miero-organisms, the cell degeneration is
followed by a determination of leucocytes to the seat of injury,
the leucocytes travelling along the corneal lymph-channels from
the congested vessels at the periphery of the cornea, having been
attracted towards the inflammatory focus by some unknown force
(chemiotaxis). Many of the leucocytes take up micro-organisms
(plagocytosis), others degenerate, and at the same time the destruc-
tion of the corneal tissue progresses. An arvest of the process
is brought about by the leucocytes massing together in large
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numbers, so as to offer a barrier to the micro-organisms.  Newly-
formed capillaries appear at the periphery of the cornea, and
extend towards the injured part, and the corneal corpuscles outside
the area of destruction undergo proliferation, thus initiating the
repair of the tissue.

(b) In a vascular aren the inflammatory changes also vary
with the severity of the injury. In slight and superficial lesions
vascular changes, such as congestion, emigration of leucoeytes,
diapedesis, and exudation are little marked, but the fixed cells
of the tissue hypertrophy and proliferate. In lesions of greater
severity the vessels become congested, and leucocytes quickly
appear, wandering to the seat of injury through the vessel-wall
by a process of diapedesis. The vessels, first the arteries and then
the veins, dilate, and there i1s a very marked acceleration of the
blood-flow (determination of blood or active hyperemia), and smaller
vessels and capillaries which were previously invisible are now
seen transmitting blood. Hence the redness of the part.

Now, after a longer or shorter period, according to the kind of
irritant used to set up the inflammation, the blood-current slackens,
at first in the veins and then in the capillares and arteries, and
leucocytes are seen to drop out here and there from the central
stream or axial current, which appears yellowish in colour from
the red corpuscles being contained in it. These truant leucocytes
first roll lazily along in the pale or circumferential current, and are
joined by more and more as the blood-stream further slackens in
speed. Now they adhere to the walls of the veins, and to a less
extent to the walls of the capillaries and arteries, so that the
vessels appear as if lined with them. Soon they begin to pass
through the vessel-walls into the tissues around (diupedesis),
attracted according to some writers to the seat of inflammation
by the poison or chemical irritant which has excited it ( positive
chemiotaxis). Dy-and-by, if the inflammation is very acute, the
coloured corpuseles, in groups of two to a dozen, also leave the
central stream and pass through the walls of the vessels into the
tissues, producing those patches of darker redness and the mottling
of the surface alluded to above. The central stream next begins
to oscillate, flowing onwards during the systole, and slightly reced-
ing during the diastole of the heart; whilst the coloured corpuscles
show a tendency to adhere to one another. Finally the stream
stops, and sfasis is said to have occurred (Fig. 1).

In the meantime the liquid contents of the vessels have also been
passing through the vessel-walls into the tissues, and, together with
the escaped leucocytes, account for the swelling and for the serous
exudation which can be squeezed out when the parts are cut into.
The serum, further, soaks into the neighbouring healthy tissues,
thus explaining the surrounding wedema, and is thence, along with

B 2



4 GENERAL PATHOLOGY OF BURGICAL DISEABES.

some of the leucoeytes, taken up by the lymphatics
back into the circulation. Tf E{}wy‘thﬂ cﬂj,rusé of thfa ai;[}iaﬁﬂ;ﬁr?;
ceases to act, und the vitality of the tissues has not been too much
lowered to permif of their recovery, the corpuscles in the middle of
the stream in those vessels where stasis has occurred again begin
to oscillate and then to move on; the leucocytes no longer drop
out of the axial current, and those that have alveady escaped
into t]:Ee tissues either break down or pass along with the escaped
fluids into the lymphatics, leaving the part apparently uninjured
(fe.gﬂhzts'm!,}.

If the above favourable termination does not take place and stasis
is not soon relieved, coagulation of the serum may ensue, and the

F1e. 1.—Diagram of the minute changes in inflammation,

vessels become thrombosed. At the same time, moreover, coagu-
lation of the liquid exudation in the tissues also occurs. The eclot
thus formed contracts, squeezing. out the serum, which is then
drained away by the lymphatics, so that if the parts at this stage
be cut into, a serous exudation will no longer escape. The original
tissues, partly in consequence of the plugging of the vessels, and
partly in consequence of the digestive action of the lencocytes and
soddening effect of the fluid exudation, become swollen and softened,
and finally lose their vitality and disappear, their place being taken
by a mass of closely-packed small cells embedded in a very slight
amount of intercellular substance. This small-cell-infiltration has
been ascribed in part to the aggregation of leucocytes and in part
to the proliferation of the connective-tissue and other cells in the
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inflamed avea, the leucocytes forming, nevertheless, its chief con-
stituent. Among these small round cells, especially during the
stage of reparation, may soon be seen numerous delicate capillary
loops, which have been formed from the old capillaries in and
around the inflamed area, or from the young endothelial or con-
nective-tissue cells. To this vascularized tissue the name of
inflammatory new formation or granulation tissue is given. When
the cells and liquid escape on a free surface, the fibrin with the
entangled cells forms a so-called false membrane.

Changes in the fived elements of the tissues.—When the mesen-
tery is examined after inflammation has existed a short time, the
cells of the original tissue are found to present two opposed changes,
viz., both degeneration and proliferation, the former being wvisible
chiefly at the focus of irritation, and the latter towards the boundary
zone. The cell destruction is in part the direct result of the injury,
and as such not a phenomenon of inflammation, but it 1s in part
- directly due to the interference with their nutrition, produced by the
inflammatory processes, such as stasis and cedema, bacterial activity,
and leucocytic digestion. The degenerated cells, if the lesion ends
in repair, are removed, being either cast off or absorbed by the leu-
cocytes, While these degenerative changes take place, proliferation
of the original tissue cells goes on concurrently, especially at the
periphery of the inflamed area. The connective-tissue cells enlarge
~ and multiply, and-then intermingle with the leucocytes, so that the
newly-formed granulation tissue is made up of two kinds of cells,
viz., connective-tissue derivatives and leucocytes. The latter dis-
appear and are in part absorbed by the proliferating connective-
tissue cells, which, as the inflammation approaches repair, become
spindle-shaped and ave called fibroblasts, because they eventually
become connective or fibrous tissue. So far as the higher warm-
blooded animals are concerned, there is but little doubt that these
fibroblasts are of connective-tissue origin, and that connective tissue
develops from connective tissue alone, but in lower cold-blooded
animals leucocytes can be seen to develop into connective tissue.

The leucocytes have special duties of their own to perform.
Some varieties of them attack and ingest bacteria or other foreign
matter and dead or necrosed cells. They wander to the seat of
Irnitation, attracted, as it is assumed by some, by the chemical
products of the bacteria (chemiotaxis) and seize upon the maferies
morbi, or at least attack it (phagoeytosis), and if they succeed in
desstrnymg: it the inflammation is brought to an end. Metchnikoff
regards _“l}lﬂammntiﬂn as a phagocytic reaction of the organism
agamnst irritants.”  There are, however, leucocytes which are not
Phagocytic, and these are capable of exerting an extracellular
activity upon bacteria and other matter. Thus, pus corpuscles,
which are nothing else than leucocytes, are strongly proteolytic,
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t.e., they can digest and peptonize albuminous substances, and
even dissolve metallic particles. So that it is evident that the
activity of leucocytes is twofold, both intracellular or phagocytic,
and extracellular or chemical. Tt may be remarked here, that
besides certain forms of leucocytes, the endothelial cells of the
capillaries and many fixed and wandering connective-tissue cells
also possess phagocytic properties. The latter, being large in size,
were formerly called macrophages, in contradistinetion to the micro.
phages or leucoeytic phagocytes.

Another important phenomenon of inflammation, which has
already been mentioned, is the exudation or transudation of
fluid from the blood-vessels. The amount of fluid exuded varies
with the density and structure of the tissues, being generally
copious in serous membranes and also in loose vascular tissues,
but scanty in dense tissues. The purport of the exudation is
partly to dilute the irritant, partly—where an inflammation is
superficial —to wash it away. 1In its chemical constitution it re-
sembles plasma, but it generally also contains proteolytic ferments,
peptones, and where bacteria are present also their products. Fibrin
15 also present as a rule, and sometimes in such quantity, that the
exudation, instead of being serous, becomes fibrinous. The ferments
capable of digesting proteids are secreted not only by bacteria which
may be present, but also by the leucocytes ; these no doubt assist in
the removal of the dead tissues. Bactericidal substances also derived,
from leucocytes, and capable of destroying or inhibiting bacterial
growth, may frequently be found in the inflammatory exudation.

There can be no doubt that the vascular changes, the exudation,
and leucocytic phenomena accompanying inflammation can oceur
imndependently of central nervous influences, for in a rabbit's ear,
after section of all its nerves, irritation will produce an intense
inflammation. It would, however, be incorrect to say that the
nerves have no direct influence, for it is well known that when all
the nerves of a part have been divided, the stages of inflammation
succeed each other with greater rapidity, because in such a case, the
vaso-dilators are especially called into action, the injury of the nerve
producing a marked hypersemia. Speaking generally, however,
the vessels of an inflamed area react independently of the central
nervous system, but respond rather to the control of penphpral
nervous filaments or to a direct stimulus applied to the endothelium
or muscular wall. ;

TERMINATIONS OF INFLAMMATION.— We have already seen that if
the cause of the inflammation ceases to act before the tissues have
become irreparably damaged, the process may te?mm._qte and the
part resume its normal condition, when resolution is said to occur.
Failing this, however, the following terminations may ensue.
Thus, under favourable circumstances, the cells constituting the
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inflammatory new formation may gradually become converted into

fibrous tissue, producing the condition already referred to of fibroid

thickening or scarring. Under less fayourable circumstances the

immigration of leucocytes continues until the tissue becomes densely
_ packed; if bacteria are present they also multiply ; the tissues are
digested and destroyed ; the leucocytes, now called pus corpuscles,
degenerate and in part break down, while others appear; the
exudation of lymph or plasma continues as before, but the tissues
and leucocytes themselves * liquefy ” as well, so that the final
result is a thick viseid fluid (liquor puris) containing healthy and
degenerate leucocytes (pus corpuscles). Thus pus is formed, and
suppuration is said to be established. When these changes occur
on the surface of the skin or mucous membrane, so that the pro-
ducts escape externally, the process, though essentially similar to
that of suppuration, is spoken of as wlceration. And lastly, the
infiltrated tissues in the centre of the inflamed area may lose their
vitality and die en masse, before infiltration with leucocytes and
serum has gone on sufficiently long to produce their softening;
mortification or gangrene is then said to result.

CAUSES oF INFLAMMATION.—The cause of inflammation is irri-
tation, and its object to remove irritation. Irritants acting in any
way may be looked upon as exciting causes, and would appear in
some instances to be alone sufficient to set up the process. In other
cases, however, certain prior conditions such as may be considered
to lower the vitality of the tissues, and to render them less able
to resist deleterious influences, appear necessary to render such
irritants operative. Among such predisposing causes may be men-
tioned: 1. A deficient supply of healthy blood caused by insufficient
or improper food and air, a feeble action of the heart, heemorrhage,
angemia, and the like. 2. The presence of impurities or of certain
poisons in the blood, such as exist in chronic aleoholism, Bright's
disease, diabetes, gout, syphilis, and in lead, mercury and phos-
phorus poisoning. 3. Deprivation of healthy nerve influence, as
from disease or injury of a nerve-centre, or nerve-trunk. 4. Old
age. 9. The so-called strumous diathesis,

The exciting causes, which are usually spoken of as irritants, may
be considered under the following heads: 1. Direct violence and
~ physical irritation. 2. Chemical irritants. 3. Micro-organisms—

saprophytic and parasitic. Micro-organisms, however, also act
chiefly by their chemical products,

1. Direct violence and physical ivritation.—Under this head are
included all forms of mechanical injury; excessive heat or cold;
electrical stimulation ; the application of strong acids or alkalies,
or of irritating products, as croton-oil or mustard ; friction, and
tension. All of these are now admitted to be exciting causes, the
irritants being the chemical products of injured or destroyed cells,
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2. Cheniecal irvitants.—The chemical products of putrefaction
would appear to play an important part in the causation of inflamma-
tion. For fermentation or putrefaction to oceur, there must be dead
animal matter, a sufficiency of water and oxygen, the maintenance
of a certain temperature, and the presence of a ferment. This
ferment consists of living microscopic organisms, species of bacteria
known as saprophytes, which exist in large numbers in the air,
water, &ec., n short everywhere, except perhaps in mid-ocean and
above the snow line, and are especially numerous in large cities,
hospitals, &e. It is not thought, however, that the inflammation
15 lighted up by the bacteria themselves, but by the chemical pro-
ducts which are formed in the process of fermentation or putrefac-
tion, and which soak into the surrounding tissues, acting like any
irritant fluid or the poisonous alkaloids. For it has been found
that when a fluid swarming with these bacteria (saprophytes) is
injected into the blood or connective tissue of a living animal, the
bacteria rapidly disappear without causing inflammation or other
ill-effect. Again, if a similar fluid is injected into the peritoneal
cavity in such quantities only as to allow of its rapid absorption,
no inflammation ensues. On the other hand, if such a fluid or
even water is injected in greater quantities than can be rapidly
absorbed, serum from the blood is effused into it: and as all the
essentials for putrefaction are now present, viz., diluted serum,
which constitutes the dead animal matter, heat, moisture, oxygen,
and saprophytic bacteria to act as a ferment, putrefaction ensues,
Thus, to sum up, it is inferred from these and similar experiments
that the saprophytic bacteria themselves are incapable of setting up
inflammation ; that they are only able to thrive in dead animal
matter, and not in living tissues; and that it 1s the products of
putrefaction, of which they are believed to be the cause, that set up
the inflammatory process.

3. Micro-organisms.—These, which include the various species of
micro-organisms, known as pathogenic or parasitic baecteria, play
an important réle in the causation of most inflammatiens. But
whilst it cannot be admitted that they are the exciting cause of all
inflammations, the belief is almost universal that they are im-
portant, if not the chief agents in many iuﬂummatinnl, and
especially in those inflammations which, because they oceur without
any apparent cause, were formerly spoken of as 1'{1"1‘:3}1{1#?1-:_]:. Thus
erysipelas and some forms of osteomyelitis and periostitis depend
upon them, and malignant pustule has also been proved to do so.
They are always found in acute suppurative inflammation. Unlike
the saprophytes, the bacteria which are found in all decomposing
fluids, and which as we have seen are unable to exist in the living
tissues, the parasitic bacteria are not only capable of living in aqch
tissues, but thrive and multiply in them, and whilst doing so give
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yise to certain irritating chemical products which set up inflamma-
tion, Hence their name, infective, parasitic, or pathogyenic bacteria.
They not only multiply and spread in the surrounding tissues,
setting up inflammation in their course, but also in some instances
enter the system by the blood or by the lymph-vessels, where, still
multiplying, they poison the body generally, and in consequence
of their becoming lodged in the capillaries of various tissues or
organs of the body where they further multiply and thrive, set up
there a like inflammation. The way in which they enter the body
is either by a wound direct, or else by the alimentary or respiratory
mucous tract, or even by the numerous glandular pores of the skin.
Where they enter by a wound, it appears that decomposition of the
discharge favours their entrance (as in erysipelas occurring 1n a
septic wound), though such is not essential. They or their spores
are supposed to exist in the air, water, &c., but in less quantities
than the saprophytic bacteria.

Many micro-organisms, as already mentioned, require oxygen of
the air for their development, and ave then called a#robic; whilst
others only thrive when protected from access of oxygen and are
known as anaérobic.

As the various species of bacteria will have to be frequently
mentioned they may be here briefly described. The bacteria belong
to the group of protophytes, the simplest of vegetable organisms.
They are conveniently divided into: 1, micrococci or spherical bac-
teria; 2, bacilli or rod-shaped bacteria; and 3, spirilla or spiral
bacteria. Microcoeci are round or oval bodies; they occur singly
or in pairs. When in pairs they are called diplococei, an example
of which we find in the gonococens. Sometimes they form chains,
and are then termed streptococel, e.q., Streptococcus pyogenes; or
they may occur in grape-like colonies (zooglea masses), and are then
spoken of as staphylococei, the best known being the Staphylococeus
pyogenes aurens. They multiply by fission or division. Bacilli
are rod-shaped microbes; some of them multiply by spores as well
as by fission. Hence a bacillus may at one period of its develop-
ment be rod-shaped, whilst at another it may be round like a
micrococcus, The spores which are developed in the interior of the
- baecillus are liberated by its destruction and then, if the conditions
are favourable, germinate and assume the shape of the fully
developed organism. The spores have a greater resistance to ex-
ternal influences, heat and chemieals, than the bacillus from which
they are formed. The spirilla are of no surgical interest, and will
not be further mentioned. Both bacilli and microcoeci may be
divided into (a) saprophytic, and (b) parasitic bacteria.

(@) The strictly saprophytic bacteria only live on dead or dying
organic material or in solutions of the same, and are incapable
of thriving in the living tissues. Some species by means of the
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activity of their protoplasm not only obtain food from the dead
organic material and multiply, but cause changes in the fluid in
contact with their surface known as fermentation. To this is due
the decomposition of serum or of pus retained in a wound, the
conversion of milk-sugar into lactic acid in the souring of milk in
the stomach, and the resolution of urea into carbonate of AIMIMonium
and consequent production of ammoniacal urine in the bladder.
These micro-organisms by their growth and metabolism elaborate
substances either within themselves (fntracellular poisons) or in the
medium in which they are growing, and these substances act
as nritants to the living tissues, setting up inflammation, or, if
absorbed, give rise to symptoms somewhat similar to those produced
by the poisonous alkaloids.

The short rod-like body always present in myriads in a drop of
-:iacmnpnsing fluid was formerly known as Bacterium termo, or the
bacterium of putrefaction. More recently it has been shown that
not one but many species of micro-organisms were confounded
under the term. Most of these organisms have been but iinper-
fectly investigated and are consequently still unnamed.

_Other bacteria, instead of setting up fermentation, produce
pigment, as for example, the bacillus of blue or green pus.

(b) The parasitic bacterin veside in living organic material and
derive their food from the fluids of the circulation or from the
protoplasm of the living cell. Some of these are only capable
of thriving in living tissues (obligatory parasites); others, though
occasionally found in living tissues, are as a rule found in dead
organic material ( facultative parasites). Parasitic bacteria may be
divided from a patholozical point of view into the non-pathogenie,
which exist in the body without doing any harm, and the patho-
genic, which produce disease either by their direct influence or by
their chemical action. Pathogenic bacteria include : 1, those which
are capable of attacking a healthy though susceptible organism, as
the anthrax bacillus; and, 2, those which develop when the life
energy of the cells of the organism is depressed, or when the tissues
in which they live are altered, as the tubercle bacillus. In the
former the special properties of the bacteria, and in the latter
the predisposition of the organism to attack, are the determining
factors. The bacteria, having gained admission, may merely affect
the tissues at the place of entry, setting up a local inflammation ;
or they may extend by the lymphatics to the nearest lymphatic
gland, where they may be arrested or pass through it and thus
enter the circulation; or they may make their way into the small
veins, and so gain the circulation at once, and become lodged,
according to the nature of the bacteria, in the capillaries of various
tissues and organs. Baeteria growing in connection with a mucous
membrane may extend along the surface as in diphtheria; or may
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be carried from one point to another, as, in phthisis, from the
lungs to the larynx orintestine. Diseased tissues produced by one
kind of bacteria may be secondarily infected by another kind; thus
the lung affected by croupous pneumonia may sometimes be
secondarily infected by tubercle bacilli, and the tuberculous
tissue by the micrococei of suppuration.

The tissues may be protected against the development of
miero-organisms by the normal resistance of the body to the
process of disease (natwral immunity), or by an acquired resist-
ance (acquired immunity)., Of acquired immunity there have
been several explanations offered. Thus it is believed that it
may be brought about (a) by the exhaustion of the soil, d.e., the
occurrence of a disease once 18 thought to protect against a
second attack through the first disease having exhausted the
supply of the material which is necessary for the development of
the micro-organism of that particular disease; (b) by the chemical
products formed pari passu with the bacteria acting as a poison
to the bacteria and preventing their development; (¢) by certain
chemical constituents in the blood-serum which destroy the bacteria;
(d) by the leucocytes collecting around the bacteria, and so killing
them ; and (¢) by the leucocytes and tissue-cells absorbing and
destroying the bacteria (phagocyfosis). Metchnikoff and his pupils
hold that the leucocytes are endued with a peculiar power of pro-
tecting the organism, that they are attracted by the bacteria or
their products (chemiotaxis), gather round them, absorb them into
their substance, and so digest or destroy them. Other pathologists
hold that the bacteria are first killed or weakened by the chemical
products generated by the bacteria or by the disinfecting con-
stituents in the blood-serum, and then only when dead or disabled
are absorbed by the leucocytes and tissue-cells, and along with the
devitalized tissues are in this way got rid of. The process of
immunity cannot be discussed in this work, but it may be assumed
with safety that immunity must depend on the power of the tissues,
their cells and juices, to destroy the bacterial growth, and also to
neutralize the bacterial poisons; i.e., with acquired immunity the
body acquires both germicidal and antitoxic properties. An immunity
may be produced by gradual administration of increasing doses of
toxins or by a single administration of so-called antitoxins, bodies
derived from the serum of a highly immunized animal. Antitoxins
are now used in surgical practice in tetanus, erysipelas and pyo-
genic lesions, such as suppuration, gangrenous cellulitis, septiccomia
and pyemia, and also in diphtheria. Tt is therefore necessary to
understand the principles of the antitoxic treatment, but this dis-
cussion finds its most suitable place in the chapter on Tetanus.

Amongst the pathogenic bacteria of surgical interest may be
mentioned : the anthrax bacillus, the cause of malignant pustule ;
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the tubercle bacillus, found in tubercular disease ; the bacillus of
glanders, of leprosy, of tetanus, of diphtheria, and of rhinoscleromas
the Stapfr.;;fﬂﬁﬂccuﬂ Pyogenes aureus, and the Streptococcus pyogenes,
the organisms found in connection with suppuration ; the Strepto-
coceus erysipelatosus ; the Micrococeus gonorrheee and the fungus of
actinomycosis.

SIGNS AND SYMPTOMS of inflammation. These may be divided
into the local and the constitutional. The local signs are the well-
known redness, heat, pain, and swelling, to which may be added
disturbance or alteration of function, Ixcept in a typical case,
these signs are not all necessarily present: on the other hand, the
presence of one or more is not always indicative of inflammation.

The redness is due to the dilatation of the small arterioles, veins
and capillaries, and increased flow of blood to the part; the darker
patches over the general surface to the escape of red corpuscles, and
to the blood passing into the veins before the oxyhemoglobin has
all been reduced. The redness varies according to the intensity of
the inflammation, being bright in the acute, and dull in the chronic
variety, and generally assumes a livid hue when suppuration is
about to occur. It may sometimes be absent, as in inflammation of
non-vascular tissues, although present in the vascular area around.
It more or less disappears after death.

The increased heat is now generally held to be due merely to a
greater flow of blood through the part, and not to any generation of
heat in the part itself, as the blood coming from it is never hotter
than the blood in the left ventricle of the heart. The inflamed part,
however, feels intensely hot and burning to the patient, although
the thermometer shows little actual increase of heat.

The pain, which is due to pressure upon or stretching of the
terminal nerve-twigs by the dilated blood-vessels and by the exuda-
tion, yaries in intensity and in character, and is nearly always
increased by pressure and by the dependent position. It is of a
stabbing character in serous membranes, aching in bone, throbbing
when pus is about to form ; more intense when occurring in organs
where but slight stretching can occur, as the globe of the eye or the
- testicle; and less intense in parts like the axilla where the tissues
are loose. In the eye, as well as pain there may be flashes of
light; in the ear, noise. The pain is sometimes referred through
the nerves to other parts or organs.

The swelling, which 1s caused partly by the increased quantity of
blood in the inflamed area, partly by the exudation of leucocytes
and serum, and partly by the proliferation of the original tissue
elements, 15, as might be expected, greatest in lax tissues, as th_e
axilla, and least in the dense and fibrous, as bone or tendon. It is
always an important sign in chronie inflammation where there may
be but little redness or pain.
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The disturbance in function, which practically always occurs in an
inflamed part, may be illustrated by the inability of an inflamed
bladder to retain urine, or of an inflamed eye to tolerate light.

The constitutional symptoms may be summed up as those of fever,
There is a rise of temperature—often preceded by chilliness or even
a distinet rigor, a quickened pulse, dry skin, furred tongue, loss of
appetite, constipation, scanty and high-coloured urine, headache,
perhaps delirium, and a general feeling of malaise. When the
inflammation is slight there may be no fever; but when it 1s at all
intense, or occurs in an important part, the fever is generally con-
siderable, and in septic and infective inflammations is by far the
most anxious symptom. Inflammatory fever has been divided into
the sthenie, asthenie, and the irritative or nervous. In the sthenic
the symptoms are acute, the temperature is high (104° or 105°), and
the pulse full, strong, and bounding.  In the asthenic the symptoms
assume what is called a typhoid character; the temperature falls,
the tongue becomes brown and dry, the lips and teeth are covered
with sordes, and the pulse is quick, soft, and feeble. In the irri-
tative there is, in addition to either of the above set of symptoms,
delirium, violent in the one case, or low and muttering in the other,
and a general nervous state.

The cause of the fever has been variously explained. In simple
inflammation it may be due : 1, in part to tissue-change caused by
the presence in the blood of some products of digestion as albu-
minoses or peptones (substances known to possess pyrogenic or
fever-producing properties), which are supposed to be derived from
the action of the leucocytes on the proteids of the tissues and to be
drained away in the serum from the inflamed part by the lymphatics;
and, 2, in part, although this is very doubtful, to disturbance of the
heat-regulating centre in the brain, induced either reflexly, through
the sensory nerves, as when there is much pain and tension in the
inflamed part, or directly, by the action on it of the deteriorated
blood. In septic inflammations the absorption of the products of
fermentation or putrefaction, as from a septic or ill-drained wound,
has no doubt a large share in the produetion of the fever, which is
thenspoken of as septic (septic fever, sapremia); whilst in the infective
inflammations the toxins of micro-organisms are believed to be the
chief factor (see Septiccemia and Pyemia). :

VARIETIES OF INFLAMMATION.—Inflammation may be divided
into the acute and chronic according to its intensity and duration ;
the acute again into the simple, the septic, and the infective. What
has already been said applies chiefly to the acute variety. The
chronic is discussed separately later on.

Simple or trawmatic inflammation is that which remains localized
to a limited area, and subsides without suppuration as soon as the
cause is removed. It is commonly the result of a mechanical
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injury, and may be studied in its simplest form in the healing
of an incised wound by the first intention (see Wounds), Should
suppuration occur it is generally due to the presence of certain
pyogenic micro-organisms (see Suppuration, p. 20).

Septic flammation depends upon fermentation or putrefaction
m a wound or serous cavity set up by the presence of saprophytic
bacteria ; it spreads beyond the original seat of injury, and is accom-
panied by constitutional symptoms of blood-poisoning (septic fever,
sapreemia). The septic products soak into the tissues, where they
act like other chemical irritants, and so set up wider and wider
circles of inflammation, and entering the general blood-stream with
the serum which is drained away by the lymphatics, give rise to
septic poisoning.  They do not multiply in the living tissues, like
the micro-organisms producing the infective inflammation to be
next described. Hence as soon as the fermentation or putrefac-
tion can be checked the spreading of the inflammation and septic
poisoning have a tendency to cease. Septic inflammation is often
accompanied by suppuration, but this is regarded as a complica-
tion depending on the presence of pyogenic micro-organisms (see
Suppuration). Some surgeons include under the term septic all
inflammations attended by suppuration and the various gpecific
inflammations, as erysipelas, which are here called infective,

The infective variety is also of a spreading character, and depends
upon the presence of special micro-organisms ( pathogenic bacteria).
Unlike the products of putrefaction these micro-organisms multiply
andthrive in theliving tissuesandinthe blood-stream. They mayalso
under certain circumstances become lodged in the lymphatic glands
and in the capillaries of distant tissues and organs, where they give
rise to inflammations similar to that at the seat of primary inoculation.
Like the septic, the infective inflammations are generally accom-
panied by severe constitutional symptoms. The micro-organisms
may enter, it 1s thought, either through a wound, or through the
respiratory or alimentary tract; and though not essential, a septic
wound favours their admission. (See Infective processes in wounds. )

It must be remembered that whether an inflammation is septic or
infective, in both cases the lesions and symptoms are due (a) to the
presence of bacteria, and (4) to intoxication, the only difference being
that in one case the bacteriaare saprophytic and in the other parasitic,

Inflammation also admits of other divisions; thus it is variously
spoken of as traumatie, idiopathic, strumous, syphilitic, gouty,
&e., according to its supposed cause ; as adhesive, suppurative, and
ulcerative, according to its termination, &e.

THE TREATMENT of inflammation may be divided into the Pre-
ventive and the Curative. The former will be discussed under the
Treatment of wounds,

Curative treatment.—This must necessarily vary according to the
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character and situation of the inflammation and the type of con-
stitutional disturbance. Here only are given the indications which
should guide us in the general management of the case. Our .:ﬁ-.l'.stf
endeavour where practicable should be to remove the cause. Thus
a foreign body in the tissues, such as a thorn in the finger, should be
extracted : tension should be relieved ; a free drain established for any
pent-up and decomposing discharges; exit given to eg-:t:rﬂ,vasated
secretions, as putrid urine and the like; bacterial activity as far
as possible minimized or prevented by antiseptics and antitoxins ;
irritating applications, as strong antiseptics, exchanged for less irri-
tating dressings; and such constitutional causes as syphilis, gout,
&o., treated by appropriate remedies. When the cause can be thus
removed and fresh sources of irritation avoided, the inflammation
will tend of itself to cease. Where such ecannot be done, we should
in the second place endeavour to prevent the complete loss of
vitality of the already injured tissues and to restore their healthy
nutrition. For this purpose our efforts should be principally
direeted to controlling the supply of blood to the part, and reduc-
ing the blood-pressure in the damaged blood-vessels in order to
lessen the escape of leucocytes and serum, the pressure of which on
the vessels and tissues may lead to the death of the part, whilst the
tension to which they give rise is a fertile source of fresh irritation
and consequently of the continuance of the inflammation. Further,
we should aim at counteracting this injurious pressure and tension
by facilitating the draining away of the products of inflammation ;
~ whilst we should seek to promote the return of healthy nutrition to
the inflamed tissues by endeavouring to remedy such constitutional
defects which, as we have seen, by lowering their vitality act as
predisposing causes. Thirdly, we should not lose sight of the
important indication to relieve pain. And lastly, whilst direct-
ing our efforts to the treatment of the local inflammation, we
must modify our remedies according to the type of constitutional
disturbance to which it may give rise.

Greneral remedies,—The means at our disposal for fulfilling the
above indications are both local and constitutional. In some cases
local remedies alone will suffice ; in others constitutional remedies
will also be required.

(A) T'he local may be enumerated as rest, elevation of the part,
cold, heat and moisture, local blood-letting, incisions, and astrin-
gents. These means should not be used indiscriminately; those
that may at one period be of the greatest benefit, may at another
produce the result we are trying to avoid.

fiest 1s one of the most important means we possess in the treat-
ment of surgical inflammation. It should be complete, and as far as
possible both functional and physiological. Thus, an inflamed joint
should be placed on a splint, an inflamed eye receive no light, &e.
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Flevation of the part relieves swelling and tension by diminishis

tha. arterial supply, and by promoting the venous rﬁ{um, and ﬂ;gﬁ
:flrmnmg off by the lymphatics of the mflammatory exudation,
fl?l:ms, an inflamed hand should be placed in a sling, an inflamed
oot raised on a pillow, &e.
_ Cold, though a most powerful agent in controlling inflammation,
15 one that requires cautious and seasonable application. It acts
by causing contraction of the small arteries, and consequently
diminishes the supply of blood to the part: it likewise controls
the ameeboid movements of the leucocytes. At the same time
when intense it lowers the vitality of the tissues and promotes
adhesion of the corpuscles and stasis, and as exemplified by frost-
bite may destroy the part. It is of the most service in the pre-
ventive treatment of inflammation, and for controlling the process
in the early stages. Later, when the inflammation is fully estab-
lished, it can only do mischief. Its action should be continuous ;
if applied intermittently it tends to increase the inflammation by
the reaction which follows each application. It is best applied in
the form of an ice-bag, or by irrigation with ice-cold water, or by
Leiter’s tubes.

Heat and moisture act by causing a general dilatation of the
capillaries and free flow of blood through the part. They are espe-
cially useful when the inflammation has become fully established,
and suppuration is threatened. Under the latter cirecumstances
they tend to localize the process, and bring the abscess to the
surface. They may be applied in the form of boracic poultices or
hot fomentations, to which opium and belladonna in some form
may be added to soothe and relieve pain. The boracic poultice is
made by soaking cotton-wool or lint in a boiling saturated solution
of boric acid, or of boroglyceride (3j to Oj). The material is then
wrung out, applied to the part, and covered by gutta-percha tissue,
or oil silk. Heat alone may be applied by means of Leiter's
tubes, the water being kept heated by Krohne's lamp.

Local blood-letting relieves the vessels of the inflamed part, and
so removes tension. It may be employed in the form of leeches,
wet-cupping, or ineisions with a lancet. It is often of great benefit,
even when not applied directly over the part, as is shown by the
relief afforded to an inflamed eye by a leech behind the ear.

Incisions are useful in some forms of inflammation, as phleg-
monous erysipelas, to relieve tension. They should be made in the
long axis of the limb, care being taken to avoid important structures,

Astringents act by constricting the blood-vessels, and are especially
useful in inflammations of the mucous membrane of the mouth,
nose, urethra, and conjunctiva.

(B) Constitutional remedies, like the local, should be used according
to the intensity, nature and situation of the inflammation, and the
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type of the constitutional disturbance. In an ordinary case of
simple inflammation, beyond a brisk purge, subsequent regulation
of the bowels and secretions by salines, and restricting the diet, no
special constitutional treatment is required, But when the fever 1s
high, the patient young and vigorous, and the pulse rapid, full,
and strong—in short, where the fever is of the sthenic type,
antiphlogistic or lowering treatment should be adopted. Wherp,
on the other hand, the patient is weakly or old, or broken down in
constitution, and the fever is of a low or asthenic type, a stimulating
plan of treatment will be required. :

Antiphlogistic treatment may be considered under the heads of
diet, drugs, and general blood-letting.

The diet should be restricted to milk, weak beef-tea, barley-
water, arrowroot, and the like.

Drugs.—Purgatives determine the flow of blood to the intestines,
and so relieve the inflamed part. They are not, however, generally
employed except as a brisk purge at the onset of the inflammation,
and in gonorrhcea and orchitis, in which they are of considerable
benefit. In inflammations of the intestine they should not as a
rule be used at all, Diaphoreties and diuretics relieve the distended
vessels, the former by determining the flow of blood to the skin,
the latter to the kidneys. They are not often employed in surgical
inflammations. Aconite in small doses, frequently repeated, is
~ believed to reduce the frequency and force of the heart’s action,
and is much praised by some., Auntimony was formerly much
employed, and 1is still used in inflamed testicle. Mereury in com-
bination with opium was once in much favour, and was thought to
have a controlling action on the inflammation. It is seldom given
at the present day, except in syphilitic inflammation, and as a
purgative at the commencement of other inflammations. Opiom,
however, is frequently used to relieve pain, and it also seems to
hayve some action in controlling the inflammation. It may be given
by the mouth, or in the form of morphia as a subcutaneous injec-
tion. Quinine, salicylic acid, and antipyrin are sometimes employed
when the temperature is high, as is colchicum in gout, potash and
salicylate of soda in rhenmatism, perchloride of iron in erysipelas,
and hyoscyamus, bromide of potassium, sulphonal, and chloral
when there is want of sleep.

_ Bleeding is not often employed in modern surgery, but it is at
times beneficial in very acute inflammations in young and plethoric
subjects. Of late bleeding has again become not so very uncommon
in the medical wards. The surgeon should therefore make himself
acquainted with the method of operating. The blood may be taken
from one of the veins of the arm, usually the median basilic, as
that is the larger vessel, or from the external jugular vein. In

bleeding from a vein of the arm (phlebotomy), a bandage or tape is
V. C
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carried twice round the arm a little above the elbow to obstruct the
vein and tied in a bow. Grasping the arm with the left hand, with
the thumb steadying the vein, the surgeon makes an inecision into
the vessel, holding the lancet with the blade between his forefinger
and thumb about half an inch from the point, to prevent it pene-
trating too deeply (Fig. 2). The blood is directed into a graduated
bleeding-bowl, the flow if necessary being increased by the patient
making his muscles act by grasping a stick. When sufficient blood
has been taken (usually about 10 0z.) the constricting tape is untied,
a pad placed over the incision, and the ends of the tape carried
across the pad to below the joint, then round the arm and again
over the pad, where they are tied.

The stimulating plan of treatment may be considered under the
heads of diet, drugs, and stimulants. The diet should consist of
essence of beef, milk, eggs, milk-puddings, oysters, turtle soup,
and of white fish and minced chops if solid food can be retained.

F16. 2.—Method of holding the lancet in bleeding.
(Heath’s Minor Surgery. )

Of drugs, ammonia and bark, or quinine and iron will generally be
found of most service ; whilst stimulants in the form of brandy, the
brandy-and-egg mixture, port-wine, champagne, or any other that
the patient has been accustomed to take, should be given in divided
and measured doses at stated intervals. Stimulants increase the
force of the heart’s action, and so drive the blood through the
inflamed part, and maintain the circulation till the crisis has been
tided over. The indications for their use are a feeble and frequent
pulse, a high temperature, a dry and brown tongue, and general
signs of prostration.

CHRONIC INFLAMMATION.

The pathological process in chronic inflammation is essentially
the same as in the acute; but the dilated vessels appear to lose
their tone, and remain dilated for longer periods, and the escape of
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leucoeytes and proliferation of the original tissue elements are con-
tinuous. IFurther, the inflammatory exudation contains less fibrin-
forming material and albumen. Like the acute, it may terminate
in resolution, suppuration or ulceration, but it 1s much more liable
to produce chronic thickening, from the accumulation of the cellular
elements in the tissues. It may also terminate in caseation, or even
caleification,

The causes of chronic inflammation are similar to those of the
acute, but they appear to act with less intensity and for longer
periods. Amongst the predisposing causes must be especially men-
tioned passive congestion, struma, rheumatism, gout and syphilis.
The exeiting causes are very often slight, and may be altogether
overlooked ; whilst secondary causes which may keep up the in-
flammation for an almost indefinite time frequently come into play.
Thus in chronic joint-disease, though the cause may be but a
trivial injury in a rheumatic subject, continual movement, and
tension due to the distension of the synovial membrane, may keep
up the inflammation for months or years. The presence of miliary
tubercle is a frequent exciting cause.

Symptoms.—These are also local and constitutional. Of the local
signs the redness may be absent, or, if present, may be of a dusky
hue, whilst the part is often discoloured from pigmentation due to
the disintegration of the coloured corpuscles. The pain is less
severe than in the acute, often of a dull aching character, and
mcreased on pressure, and sometimes worse at night. The part
may be slightly hotter than natural, but at times no increased heat
18 apparent. Swelling is always a marked sign. Constitutional
symptoms may be altogether absent; generally, however, the
patient’s health is feeble or below par, or he is strumous, or he has
gouty, rheumatie, or syphilitic symptoms. At times there may be
some fever when an important organ is affected.

T'reatment.—The indications are :(—to remove the cause and all
secondary sources of irritation; to promote the absorption of the
Inflammatory produets; and to re-establish the normal nutrition of
the damaged tissues., For this purpose constitutional as well as
local means should be employed. Thus:—we should endeavour to
improve the general health by a careful dietary and the regulation
of the secretions; whilst stimulants and tonics should be given
where indicated. In the strumous, cod-liver oil, in the syphilitic,
mercury or iodide of potassium, in the gouty, colchicum, and in the
rheumatic, the salts of potash or guaiacum, are especially indicated ;
whilst residence at the seaside, or at some spa, suitable to the
diathesis, or a sea voyage should be enjoined. TLocally, the means
at our command, besides rest of the part, arve: 1, counter-irrita-
tion by blisters, tincture of iodine, and stimulating liniments;
2, friction with mercurial ointment, the oleate of ImMercury or

o2
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omtments of iodide of lead or cadmium, or by shampooing, massage,
&c.; 3, pressure by means of carefully-applied bandages, Scott’s
dressing, or Martin’s bandage, or the ammoniacum and mercury
plaster; 4, the formation of sefons or issues ; and 5, the application
of the actual cautery, Where suppuration threatens, as in chronic
inflammation of lymphatic glands, sulphide of calcium may be of
service in promoting the rapid breaking down of the caseating
mass, It should be given in doses of 1to 1 of a grain,

SUPPURATION AND ABSCESS.

We have already seen that under some circumstances the
inflammatory process may terminate in the softening and breaking
down of the inflamed tissues, infiltration of leucocytes and pro-
liferation of tissue-cells, and consequent formation of pus, suppura-
tion being then said to be established, This process, whether it
oceur (1)in the substance of the tissues or organs, or (2) on the free
surface of the skin, a mucous or a serous membrane, is practically
the same. In the former case, it is spoken of as circumseribed or
as diffused suppuration, according as it is limited in extent or the
reverse ; in the latter case it is known as purulent exudation or
catarrh, or as uleeration, according as the process merely involves
the superficial layers of the epithelium, or extends through to the
deeper parts. We will first deal with the circumscribed variety of
suppuration, or abscess, as this is the most familiar example to
SUrgeons.

CIRCUMSCRIBED SUPPURATION OR ABSCESS.—An abscess may be
defined as a circumscribed collection of pus, the result of inflam-
mation. It may be acute or chronie,

Acute abscess,—The formation of an abscess may perhaps best be
studied as it occurs in the superficial tissues. We have already
seen that an inflamed part is hot, red, swollen, and painful, If the
inflammation ends in suppuration, the swelling which was more or
less diffuse becomes circumscribed and pronounced, the redness
localized and more intense, the pain assumes a throbbing character,
and a distinct chill or rigor is generally experienced. On pressing
lightly with the fingers on the inflamed part a sensation of fluid
beneath the skin is felt, and fluctuation is said to be present, If
left to nature the abscess makes its way in the direction of least
resistance, i.e., generally towards the free surface of the skin, or if
more deeply seated, towards a mucous canal, serous cavity, or the
interior of a joint. Continuing to take a superficial abscess as our
example, one part of the inflamed area becomes more prominent
than the rest, and the skin over it red and glazed. The abscess is
sald to point. The skin will shortly ulcerate or slough, and burst-
ing of the abscess with discharge of the pus will ensue. On the
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evacuation of the pus either naturally as above, or through an
incision artificially made, the walls fall more or le_lss together, and
the cavity is gradually filled up by granulations till finally only a
scar remains. The minute changes concerned in this process are
briefly as follows:—The leucocytes which have escaped from the
vessels in the way already described, together with the round cells
resulting from the proliferation of the original tissue elements,
aggregate at the focus of inflammation around the micro-organisms,
which, if not already present as the cause of the inflammation,
have now made their way to the inflamed spot. The tissues, as
the result of the devitalizing action of the produets of the micro-

Fig. 3.—Diagrammatic representation of the minute changes in the formation
and healing of an abscess, The upper half shows abscess enlarging ; the
lower half abscess healing.

organisms, undergo what is called coagulation-necrosis, and then
softening and liquefaction, and finally disappear among, or are
absorbed by, the leucocytes and proliferated tissue-cells which now
completely replace them in the form of a mass of small round
cells, Some of the cells in the centre of this dense mass being
cut off from their nutrient supply by the destruction of the vessels,
partly as the result of over-stimulation or over-work in their
battle with the micro-organisms, and partly as the result of
the action of the metabolic products of the latter, in their turn
degenerate and die, and are now found suspended in a fluid formed
by the liquefied tissues and serous exudation infiltrating the part.
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The leucocytes and round cells derived from the fixed connective-
tissue cells are known as pus corpuscles, the fluid as liguor puris.
Thus a cavity is formed containing pus. Meanwhile around the
cavity the leucocytes and tissue-cells continue to ageregate and
thus form a barrier to the advance of the microbes. New vessels
now grow into the mass of small round cells and the abscess cavity |
becomes surrounded by a layer of vascular granulation-tissue (the
pyogenic zone). The accompanying woodeut (Fig, 3) illustrates
diagrammatically the appearance that would be presented by a
section through an abscess and the surrounding tissues. In
the centre is the abscess cavity ; around this in the upper half of
the diagram are zones representing the inflammatory changes in
various stages of progress. When an abscess enlarges it is simply
by the extension of the inflammatory process from zone to zone,
The central cavity (Fig. 3) increases by the successive degeneration
of the small round cells, which fall into the cavity and become
pus corpuscles, whilst what was formerly the zone of thrombosis is
now converted by the aggregation of the leucocytes and proliferated
tissue cells into the zone of small round cells, the zone of dilated
vessels and retarded flow into the zone of thrombosis, and so on to
the circumference. Such at least occurs when an abscess spreads
uniformly in all directions. Usually, however, it makes its way in
the direction of least resistance, these changes then occurring chiefly
at that part. If an abscess is not opened the tension and the
presence of the pus keep up the inflammation, but when the pus is
evacuated and all sources of irritation are removed the ecirculation
in the vessels around resumes its normal state. The wallsin conse-
quence of the pressure of the surrounding tissues fall more or less
mto contact, and what remains of the cavity is gradually filled up
by the growth of the granulation-tissue. The granulation-tissue is
developed into fibrous tissue, which in its turn contracts, obliterat-
ing the blood-vessels, and is converted into dense cicatricial tissue.
In the lower half of the diagram (Fig. 3) are zones representing the
various changes in the process of healing. 1|
Characters of pus.—Pus from an acute abscess in an otherwise !
healthy person is a thick, creamy, opaque, yellowish-white,
shghtly alkaline fluid, with a faintish smell, saltigh taste, and a
specific gravity of about 1030. If a drop is examined under the
microscope it is found to consist of a fluid (the liquor puris) and
corpuscles (pus cells). Some of these corpuscles are globular,
slightly granular, and measure ;15 of an inch in diameter, whilst
some contain two or three nuclei, which are made more evident
on the addition of acetic acid to clear up the granular matter.
Amongst them may be seen other corpuscles indistinguishable
from leucocytes, and exhibiting when examined on a warm
stage amwboid movements. The latter are living leucocytes and
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tissue cells, the former leucocytes and proliferated tissue cells which
have undergone death and degeneration. The proportion of dead
to living pus cells varies with the duration of the inflammation.
The liquor puris consists of water, albumen, and salts, of which
chloride of sodium is the chief. It coagulates on boiling. Though
probably derived in chief part from the exudation of the plasma
through the vessels, it differs from plasma in that it does not gene-
rally coagulate spontaneously. In acute abscesses the pus contains
granular material derived from the rapid degeneration of the
tissues and various species of micro-organisms, usually coco1.  If
allowed to stand or to decompose in an imperfectly drained abscess
cavity, it will be found moreover teeming with the bacteria of
putrefaction.

Varieties of pus.—Pus is variously spoken of as sanious when 1t
contains blood, curdy when portions of coagulated fibrin are seen
floating in it, ichorous when of a watery consistency, muco-pus
when mixed with mucus, and infective when containing pathogenic
micro-organisms. It some instances it has been observed to have
a bluish-green colour (blue pus), due to the presence of the Bucillus
pyocyaneus,

The Clause of inflammation terminating in an acute abscess may
briefly be said to be the presence of micro-organisms in tissues
whose vitality has been lowered by the persistent action of an
irritant or by the debilitated condition of the patient.

The micro-organisms which are commonly found in processes of
suppuration are called pyogenic. The commoner forms are the
following : The Staphylococcus pyogenes aureus, the Staphylococcus
pyogenes albus, to which must be added the Staphylococcus citreus ;
the Streptococcus pyogenes and the Streptococeus erysipelatosus, prob-
ably identical forms; the Pnewmococcus, frequently found in -otitis,
and the Gonococcus. Of these the gonococeus produces a specific
form of suppuration, but the others are the organisms of primary
suppuration, as distinguished from a suppuration oceurring during
the course of or after an infective fever, such as typhoid fever or
measles. In such secondary forms of suppuration generally, it
seems, the ordinary pyogenic organisms are found, but frequently
in or after typhoid fever at least the typhoid bacillus oceurs at the
seat of suppuration, and then as a rule combined with one or
other of the true pyogenic organisms. In pus, strep'ococel alone
or staphylococei alone may be observed, but generally mixtures
of organisms. It is impossible to distinguish various kinds of pus
or various forms of suppurative processes according to the bacterial
flora. Many bacilli are often associated with these pyogenie cocei,
but they must be regarded as contaminations rather than as being
of primary importance. Amongst these may be mentioned the
Bacillus coli communis and the Bacillus pyocyaneus (the cause of the
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nI@rac:teristig colour of blue pus), and the putrefactive bacilli of
stinking pus. Although the above-mentioned coccl are called
pyogenic on account of their presence in pus, it must not be for-
gotten that pus formation is not a specific property with them,
but that, excepting perhaps the gonococeus, any one of them
1s capable of causing one of the following lesions ; (1) local
inflammation, (2) cellulitis, (8) acute suppuration, (4) acute gan-
grene, (5) septiceemia and pysemia, and (6) infective endocarditis,
They are the organisms of general inflammation, and the present
state of knowledge does not allow of a diagnosis between Processes
produced by one or other of them.

The Staphylococcus pyogenes aureus and albus are found in
inflammations running on to suppuration and abscess. The
organisms are found gathered in grape-like (Fig. 4) masses, and
the growth in an artificial culture is golden-coloured or white,

Fia. 4. —Staphylococei. x 950, Fia. 5. —S8treptococei. x 1000,
(After Sternberg,) (After Sternberg. )

according to the variety present. Sometimes another coccus, yield-
ing a lemon-coloured growth, is found, the Staphylocoecus citreus.
The Staphylococcus awrens occurs in suppurating wounds, in pustular
inflammations of the skin, in suppuration in bone, in suppurating
joints, in acute periostitis and osteomyelitis, in purulent peritonitis,
and in empyema and other deep abscesses. The Staphylococcus
albus is often associated with other pyogenic cocei, especially in
inflammations involving the skin, and occurs most frequently in
the same class of cases as the Staphylococcus aureus, but is supposed
to be less virulent, These organisms may extend from a wound
either by the lymphaties or by the veins, and give rise to metastatic
abscesses (pysemia), or they may enter the system through ulcers
of the respiratory or digestive tract. The exact point of entry
in acute periostitis and osteomyelitis, ulcerative endocarditis and
empyema is uncertain,
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The Strestococcus pyogenes is frequently found in suppurations
attended by phlegmonous or purulent cedema with a tendency to
spread. The organisms occur in chains (Fig. 5). The suppura-
tions in which they appear to be chiefly concerned may start in a
septic wound of the skin, or the puerperal uterus, or on a mucous
or serous surface in contact with infected tissues. Absorption of
the chemical products produced by these organisms is very liable
to oceur, giving rise to general blood-poisoning, or if the micro-
organisms themselves also gain access to the circulation they may
become lodged in the capillaries and produce metastatic abscesses,
so that the toxic symptoms produced by the absorption of the
chemical products may be accompanied by metastatic (pywmic)
abscosses., Pywemia and septiceemia are, however, almost as
froquently caused by the Staphylococcus awreus or albus.

The Streptococcus erysipelatosus, which is closely allied to the
Streptococeus pyogenes, and the Micrococcus gonorrhaee, are referred
to under Erysipelas and Gonorrheea.

The Symploms of an acute abscess are at first those of inflamma-
tion, followed, whilst pus is forming, by a chill or rigor and by
throbbing pain in the part. The pain, however, usually ceases
when suppuration is fully established. The local signs, when the
abscess is superficial, are pointing, central softening, and when
gbout to burst, a red and glazed appearance of the skin with
separation of the cuticle. Deep suppuration is often difficult to
detect ; deep-seated fluctuation, cedema, subeuticular mottling
and tenderness on pressure are then the chief signs; but puncture
with an exploring needle will clear up any doubt.

Treatment.—The chief indications are to remove the pus with as
little injury to the tissues as possible, to ensure an efficient drain,
and to maintain the parts aseptic. When it is evident that sup-
puration must ensue it should be promoted by moist warmth in the
form of a large boracic poultice sprinkled with optum, or hot poppy
fomentations. As soon as fluctuation is detected the abscess should
be opened by making a free incision in the most dependent part or
where it is pointing, of course taking care to avoid blood-vessels or
other important structures in the neighbourhood. The pus should
generally be allowed to flow out of its own accord. To ensure a
thorough drain, and to prevent any tension from re-accumulation,
the opening should be free and a drainage-tube should be inserted.
It the abscess is large a counter-opening may be necessary or the
abscess cavity may degenerate into a sinus. Where recesses or
pouches exist the septa between them should be broken down
with the finger introduced into the abscess cavity. After the pus
has been let out an absorbent antiseptic dressing or boracic poultice
should be applied. Although it is a rule in Surgery to open an
abscess as soon as fluctuation clearly shows that pus has formed,
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there are some instances in which this is especially imperative,
Thus an ahscess should be opened at once when it is situated
in the perineum, the abdominal or thoracic walls, the sheath
of a ten_df‘m, undm: deep fascie or the peritoneum, in the orbit,
near a joint, and in the neck if attended by dyspneea; when
obstructing some passage; when caused by the infiltration of
urine, freces, &e.; and when a spontaneous opening would produce
deformity.

Hiltow’s method, as it is called, of opening an abscess, is very
useful when the abscess is situated deeply and amongst important
l_aitmctu!*es, as at the root of the neck or in the axilla, It consists
m making an incision through the skin and fascia, and then work-
g gently i the direction of the pus with a director. As soon as
pus presents, a pair of dressing-forceps is slid along the groove of
the director into the abscess cavity, the director removed, and the
blades of the forceps separated so as to stretch the opening and
make a free exit for the pus.

The complications of acufe abscess ave: 1. Hemorrhage from
the involvement of a large vessel. 2. The implication of some
important part, as the peritoneal cavity, the interior of a joint,
&e. 3. Degeneration into a sinus or fistula, 4. Blood-poisoning
(sapreemia, septicemia, and pycemia),

A chronic abscess differs from an acute in that it js formed
slowly, is unattended by the ordinary signs of inflammation, and,
although generally caused by bacteria, does not necessarily depend
upon the presence of the pyogenic micrococci. The contents,
moreover, are usually thin and curdy, not thick and creamy like
the pus from an acute abscess. In some situations, however,
as in the chronic abscess in the subcutaneous tissue so familiar
to the surgeon, the contents may differ very little to the naked
eye from ordinary pus, and, when the result of tubereulous
disease, may contain the tubercle bacillus. A chronic abscess is
generally formed in connection with carious bone, joint-disease,
a caseating lymphatic gland, or tuberculous deposit. At times
no cause can be discovered. When due to spinal ecaries a chronic
abscess has a tendency to burrow in the tissues, especially in the
long axis of the body ; and its walls often become condensed and
thickened, and lined with a layer of smooth granulations, which
give it a velvety and mucous membrane-like appearance, or they
may become coated with a thick layer of caseating tuberculous
matter. T'he symploms are very various, and differ according as
the abscess is found in connection with carious bone, a diseased
spine, &e., and will be again referred to under the head of Suppura-
tion in Bone, Psoas abscess, &c. Here it may be stated generally
that the chief signs are a fluctuating swelling, often unattended
with any sign of inflammation, and the presence of some affection,
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as spinal caries, that is known to be often associated with abscess.
Before a chronic abscess is opened there are usually no con-
stitutional symptoms; but subsequently saprophytic bacteria
or pyogenic micrococci may gain admission, and long-continued
suppuration attended by hectic fever or lardaceous disease of the
viscera is very liable to ensue and terminate fatally from exhaus-
tion, renal disease, diarrhcea, or hepatic mischief. Diagnosis.—A
small chronic abscess in the subcutaneous tissue may be mistaken
for a fatty tumour, an hydatid or other cyst, a blood-extravasation,
or a soft solid tumour, and it may be quite impossible to arrive at
a correct diagnosis without puncture with a grooved needle. The
diagnosis of chronic abscess connected with the spine, joints, &ec.,
will be further alluded to in the section on Diseases of Regions.
Terminations.—A chronic abscess, after remaining quiescent for
a long period, may take on increased action, and burst either
externally, or into a mucous canal, a serous cavity, &e., or the
‘watery portions of the pus may be absorbed, leaving behind a
caseous mass, which may either dry up or undergo calcification ;
or it may remain in its caseous state for years, and then break
down, and set up fresh inflammation around, and produce what
is called a residual abscess. Treatment.—Small chronic abscesses
unconnected with diseased bone, joints, &e., should be dissected
out, or if this is impracticable freely incised and then scraped
and sewn up or drained antiseptically. Targe abscesses, especially
when the result of 'spinal disease, require very careful management.
If antiseptic precautions are neglected, and the pus is allowed to
undergo putrefaction or fermentation, or pyogenic cocei gain admis-
sion, long-continued suppuration and attendant hectic generally
follow and frequently terminate fatally. The best plan would
appear to be to aspirate the abscess frequently so as to reduce its
size, injecting at each aspiration iodoform emulsion, and then to
open it with antiseptic precautions, scrape out the tuberculous
material lining it with a Volkmann spoon, well rub the walls with
aseptic sponges on long forceps, irrigate with a weak antiseptic,
throw in some iodoform emulsion, and close the wound. Should
the abscess refill, this process may be repeated or an antiseptic
drain established. Aspiration alone, however, and especially when
combined with the injection of iodoform emulsion, will in some
ﬂases?L suffice, the abscess drying up, and in this way becoming
cured.

DIFFUSE SUPPURATION may oceur either : 1, in the substance of
the tissues or organs; or, 2, on the surface of the skin or a mucous
or serous membrane. As examples of the former may be ecited
cellular and cellulo-cutaneous erysipelas, in which, as the result of
a spreading infective inflammation, extensive suppuration occurs
through large tracts of the subcutaneous tissue; as examples of
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the latter, gonorrhoea, bronchitis, and some forms of peritonitis.
The pathological process in both is practically similar, only that
in one the mflammatory products (pus) are diffused through the
tissues, and in the other over the free surface. Suppuration on
the free surface of the skin or mucous membrane when the deeper
layers of these structures are involved, is, however, spoken of
generally as ulceration ;: and when the epithelial layers only are
affected, as intertrigo in the case of the skin, and as purulent
catarrh or pyorrheea in the case of a mucous membrane.

Constitutional effects of long-continued suppuration, Hectic Sever
and lardaceous disease.—HECTIO FEVER 18 a common accompani-
ment of prolonged suppuration from whatever cause when the
wound cannot be kept aseptic and efficiently drained. It has been
ascribed to the drain on the system owing to the formation of large
quantities of pus; but this is certainly not the only cause, as a
chronic abscess may attain a very large size, and exist for years
unattended by hectic as long as it remains unopened ; nor after
opening does hectic occur if the pus can be prevented from under-
going fermentative or putrefactive changes, and the cavity can be
well drained. Tt would therefore rather appear to be due to a
chronic blood-poisoning, consequent upon the absorption of the
products of fermentation or putrefaction in small quantities at a
time.  Symptoms.—Hectic fever is characterized by profuse sweat-
ing, rapid wasting, nocturnal rises of temperature with morning
remissions, and generally by diarrheea and deposits of urates in the
urine. The face is pale and pinched, the cheek flushed, the eye
bright, the pupil dilated, the tongue red and dry at the edges, and
the pulse rapid, small and weak, The appetite gradually fails,
the patient becomes weaker and weaker, and dies exhausted of
diarrheea, lardaceous disease, &e. Treatment.—The cause of the
suppuration should be removed, or, if this is impossible, the absorp-
tion of septic products should be as far as is practicable controlled
by establishing a free drain to the suppurating cavity, and by
preventing the putrefaction of the discharges by the use of anti-
septics. At the same time the system must be supported by
nourishing diet and stimulants, the sweating combated by dilute
sulphuric acid or atropine, and the diarrheea by opium, catechu, or
other astringents. :

LARDACEOUS DISEASE is another of the complications that may
follow prolonged suppuration consequent upon long-standing disease
of the bones or joints, Asthe disease, however, perhaps falls more
often under the notice of the physician than of the surgeon, the
student, for a description of it, is referred to a work on Medicine.
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SINUS AND FISTULA.

When an abscess opens spontaneously, or 1s opened artificially,
we have seen that the cavity usually fills up with granulations.
Under some circumstances, however, as when an abscess 18 CON-
nected with tuberculous caries or with dead bone, or contains a
foreign body, or is formed in connection with a mucous canal or
secreting gland, or its walls after opening are prevented from
remaining in contact by muscular action, the abscess does not close,
but degenerates into a suppurating track called a ¢ sinus ’ or ‘ fistula.’
Though the terms * sinus’ and * fistula’ are often used synonymously,
the former is generally applied to such a track when it is only open
at one end, the latter when it is open at both ends. Although,
perhaps, a sinus or a fistula more often owes its origin to the non-
olosure of an abscess, and is hence described here, 1t may also be
the result of a wound, of ulceration, of sloughing, or of a congenital
defect. Special forms of fistule, as fistula in ano, recto-vesical
fistula, salivary fistula, &c., will receive special notice under Dis-
eases of Organs. Here generally it may be said that a sinus, and in
some instances a fistula, is a long and often tortuous suppurating
track, lined with a smooth membrane, and usually opening in the
midst of prominent granulations. Treatment.—The cause should
be sought, and if possible removed, and the walls of the sinus then
scraped and pressed together by careful bandaging. The bandage
should be so applied as to prevent the accumulation of pus in the
deeper end, and the consequent re-conversion of the sinus into an
abscess. If this is found impracticable, a drainage-tube should be
inserted and shortened daily as the sinus gradually fills up from the
bottom. When the sinus has existed long, and the walls are callous
and indurated, it should be stimulated by injections of tincture of
iodine, nitrate of silver, or the like. Or the lining membrane when
tuberculous may be scraped with aVolkmann’s spoon or be destroyed
by chloride of zinc, the galvano-cautery wire, or the benzoline or
actual cautery. These and such-like means failing, the sinus
should be laid freely open, the lining membrane eut or scraped away,
and the wound plugged with iodoform gauze or other antiseptic
material to ensure healing from the bottom. Where the laying
open of a sinus would involve important structures, as a large
vessel, or necessitate an extensive wound, or is otherwise imprac-
ticable or unadvisable, a counter-opening should be made by
cutting on the end of a long probe, and the sinus then drained by
passing a drainage-tube at first through it, and subsequently in at
each end, and gradually withdrawing the two portions as the sinus
heals. At the same time that these local means are adopted,
attention must be paid to the general health, as the intractability
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of a sinus may depend in part, or even entirely, upon some con-
stitutional derangement. The treatment of special fistule is
elsewhere described. (See fistula in ano, de.)

ULCERATION AND ULCERS.

ULCERATION is another of the terminations of inflammation, and
as we have already seen, merely differs from suppuration in that
the one occurs in the substance of the tissues, the other on the free
surface. In both thereis minute disintegration and liquefaction of
the tissues, with infiltration of leucoeytes and proliferation of tissue-
cells and degeneration and death of some of the infiltrating
leucocytes and proliferated tissue-cells ; in suppuration, however,
the infiltrating and proliferating cells being unable to escape form
an abscess, whilst in ulceration the broken-down tissues and pus
are cast off as soon as formed as a discharge or ichor., An abscess
may therefore be said to be a closed uleer, an uleer an open abscess,
This molecular death of the tissues serves to distinguish ulceration
from gangrene, in which the tissues die en masse and are cast off in
the form of a slough. The two processes, however, are frequently
combined. The softening and breaking down of a new growth,
though not generally due to inflammation, is also spoken of as
ulceration,  Ulceration may occur in any tissue of the body.
Here, however, our description will chiefly apply to the process as
it affects the skin or mucous membrane, Let us first study the
process as it may be followed with the naked eye in a portion
of inflamed skin. The cuticle in
e the centre of theb énﬂan&ecl S(Iimt

5 R SFAS 2" separates or is rubbed o , and a
ﬁmﬁ %“jgjt raw surface is thus left which
RS eSST =T @_;x;'af‘ﬂ gradually enlarges in depth and
F= = AL extent, leaving an angry-looking

Fra. 6. — Diagram of ulceration. sore exuding a sanious discharge.

Formation of granulation-tissue. Supposing the de!sh'uctwe process

New capillaries growing out to now cease, minute 1'ed_ points

amongst the small round cells called °granulations’ spring up

from the old capillaries. from the surface of the sore, and

the discharge is replaced by pus.

The ulcer skins over from the margins, till the raw surface is thus

covered in, and finally a scar only is left to mark the situation of the
former wound. .

The minute changes ave as follows :—The tissues at thl? focus of
inflammation where stasis has already occurred become infiltrated
with serum and leucocytes ; the cells of the Malpighian layer of the
epidermis, of the dermis, and of the subeutaneous tissue proliferate ;
the cells of the cuticle are in consequence pushed forward before
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they have had time to assume their horny character, and the cuticle
thus softened readily separates or is rubbed off, ]_emrmg the _dermw
raw and exposed. The infiltrated and softened tissues forming the
surface of the sore become disintegrated as in suppuration, and are
cast off in a molecular and partly liquid form, while those a little
deeper become completely replaced by the leucocytes and pro-
liferating cells which form a layer of vascular granulation -tissue
(Fig. 6), essentially similar to that forming an abscess wall,
When the cause of the ulceration is removed the circulation
around becomes normal, the infiltration of leucocytes and serum
and proliferation of the tissue-cells cease, and although the super-

ficial cells of the granulation-tissue at first degenerate and are cast
~ off as pus, under healthy conditions the granulation-tissue soon
outbalances in its growth the superficial disintegration and thus
fills up the ulcer. New epithelium is formed from the old epithe-
lium at the margin of the ulcer, and gradually spreads. over the
surface of the granulations till the ulcer is finally skinned over.
The granulations develop into fibrous tissuewhich slowly contracts,
helping to reduce the size of the wound.

Ctuuses.— Ulceration, like suppuration, is due to the action of the
pyogenie micrococei on tissues weakened by previous inflammation.
For a fuller account of the causes of ulceration, therefore, the student
is referred to the causes of inflammation and suppuration. Here it
may briefly be said that the ulcerations of the integuments so common
in surgical practice are generally the result of: 1. Injury, often
slight, inflicted on parts the vitality of which is already lowered
by poor living, advancing age, and chronie congestions due to vari-
cose veins, long standing, &c. 2. Certain morbid states of the
system, such as are produced by syphilis and tubercle. 3. Pressure,
especially when conjoined with a defective merve-supply, as an
example of which may be mentioned bed-sores occurring in cases
of injury to the spinal cord.

The treatment of uleeration varies according to the local condition
of the ulcer and the constitutional state of the patient, and will be
discussed under Varieties of Ulcers. All that need be said in
general is, that the cause should if possible be removed, all sources
of irritation avoided, the constitutional state of the patient treated
with appropriate remedies, and such dressings applied as are indi-
cated by the local condition of the ulcer.

DIsEAsEs OF cICATRICES.—After an ulcer has healed over and
the granulation-tissue has been converted into fibrous tissue, this
latter continues to shrink, leading to obliteration of the blood-
vessels in the cicatrix and causing contraction and often distortion
of the surrounding parts. Cicatrices differ from mnormal skin in
that they are devoid of sweat-ducts, hair-follicles, sebaceous glands,
and lymphatics, and being also but poorly supplied with nerves and
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vessels are very apt to break down on slight provocation, leading
to a re-opening of the ulcer, Moreover, owing to their unstable
nature, they are liable to undergo certain changes and become
the seat of eczema, hypertrophy, keloid, epithelioma, and warty
excrescences, and to be attended with itching, pain, and intense
neuralgia,

ULCERS,

An ulcer is the term applied to an open sore produced by a loss
of substance of the free surface of the skin or mucous membrane
in the process of ulceration, or of ulceration and gangrene combined,
The term, moreover, is sometimes extended to any open granulating
wound the result of an injury or operation.

Varieties of ulcers.—The various names given to ulcers are
derived either from their local conditions and suwrroundings or from
their specific cause. The characters of the specific ulcers, however,
often become obscured by accidental local conditions, and these
latter again are constantly changing from day to day, so that an
ulcer which at one time would be called callous may at another be
in a sloughing state. The following are examples of the chief
types of ulcers, but in practice many minor shades of difference in
the local appearances are met with, so that it may be difficult or
impossible to assign a given ulcer to a particular type.

A. Ulcers whose characters depend upon their local condition,

T'he simple, healthy, or healing ulcer.—The edges are smooth and
shelving, and extend in the form of a bluish-white film over the
marginal granulations. The base is level or nearly so, and covered
with healthy granulations. The discharge is inodorous pus, or if
the ulcer is dressed antiseptically, and all irritation avolded, merely
healthy serum. The surrounding skin is healthy, This is the type
that all ulcers assume when healing. Tweatment.— Rest and pro-
tection by any light unirritating antiseptic dressing is all that is
usually required. When large, cicatrization may be promoted by
skin-grafting. Two methods are employed. _

(@) Old method of skin-grafting.—Small pieces of hgalthy skin,
including the rete mucosum or actively-growing epithelial layer but
not the whole thickness of the corium, should be snipped from the
patient’s arm or elsewhere by the skin-graitin g scissors and placed
at once with gentle pressure on the granulating surface of the ulcer,
and retained there by suitable dressings until they have become
adherent. After a few days the grafts often disappear, but this
may only be owing to the loss of the horny layer of the epidermis
which gives them their opacity. The active deeper layer which is
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transparent may still be there, and the grafts, if the process is
successiul, will become apparent in a few days, as in the course
of growth the deeper cells are pushed forward and become horny,
From each islet of epithelium thus grafted new epithelium spreads
over the surface of the sore. The granulating surface of the ulcer
must be healthy or the grafting will not succeed.

- (b) New method of skin-grafting (Thiersch’s).—The ulcer should
first be brought into a healthy condition, all strong antiseptics
washed off with boiled salt solution so that they may not come
into contact with the grafts, and the granulations scraped away.
Longitudinal shavings of skin should then be taken from the arm
or thigh with a sharp razor, carried on the razor to the ulcer, and
laid upon its surface. The grafts should overlap the margins or
they will in retracting leave a border of granulations. There
ghould be no subcutaneous tissue or fat on the under surface of the
eraft; indeed it is only necessary to shave off the tops of the
papillee, as the thinner the graft the more easily is it bandled. The
grafts, if preferred, may be taken from an amputated limb, or from
a puppy, rabbit or frog.

The exuberant or fungous wilcer is generally due to obstructed
venous return from the granulations, the result of undue con-
traction of surrounding tissues, as seen, for example, after a
burn. The edges are healthy, but the granulations rise up above
the surface, and are turgid, dark red, redundant, and readily bleed.
The discharge is purulent. T'reatment.—Solid nitrate of silver or
sulphate of copper should be rubbed over the granulations until
they are reduced to healthy proportions,

T'he edematous or weak wlcer generally occurs in connection with
tuberculous bones or joints, but any ulcer may become edematous
if healing is delayed by the too long use of emollient applications.
The edges and surroundings are generally healthy ; and the granu-
lations are up-raised, flabby, bulbous, semi-translucent, watery,
and friable. The discharge is profuse and watery. T'reatment.—
'Removal of the cause where possible ; uniform pressure ; and appli-
cations of lotions of nitrate of silver, or like astringents. When
tuberculous they should be seraped away.

The inflammatory and inflamed ulcer.—These terms are applied to
ulcers in which the inflammatory phenomena are the most marked
feature. The inflammation may depend on some constitutional
disturbance consequent upon alcoholism, poor living, and the like ;
or 1t may be the result of local irritation applied to any ulcer, what-
ever its previous character. For the purpose of distinetion, the term
‘ inflammatory”’ is applied to the former condition, whilst the term
‘mnflamed ’ is generally restricted to ulcers of the latter class.
Inflammatory ulcers haye generally an irregular shape, the edges
are ragged and shreddy, or abrupt or sharp-eut; the surrounding
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s_l:i_n is red and cedematous, and the base void of granulations, dry,
11+1r1d red, or covered with a serous or sanious discharge mixed with
tissue-débris, and if the inflammation is very acute, with yellow
sloughs. When inflammation attacks a previously granulating
ulcer, the granulations become florid and swollen, and generally
slough, whilst the surrounding parts present the ordinary inflam-
matory phenomena. The #reatment should consist of rest, the
elevation of the part, the removal of all local irritation, the appli-
cation of warm antiseptic lotions, as boracic acid, on lint, attention
to the constitutional state, and regulation of the secretions.

The sloughing ulcer.—This is merely a severer degree of the
former, and it differs from it in that the inflammatory process is
more intense and of a spreading character. It is seldom met with
except in connection with venereal disease. The micro-organisms
at work in this and the next form of ulcer are probably only the
ordinary pyogenic micrococei found in all ulcers, but here acting
with greater intensity in a vitiated constitution. The ulcer spreads
with great rapidity, the edges are undermined, inverted, and dusky
red, and the base is covered by an ash-grey or black slough. There
1s commonly much pain and severe constitutional fever. The
trentment 1s similar to that of the inflamed variety. Antisepties
should be freely used if the ulcer is foul, and opium given if there
is much pain. When due to syphilis, the proper remedies for that
affection should, of course, be given ; but mercury should be used
cautiously, or be altogether withheld till the sloughing has ceased.

T'he phagedenic ulcer, owing to improved sanitation and hygiene,
and the more scientific treatment of wounds, is seldom seen at the
present day, except in connection with venereal disease in persons
whose constitution is thoroughly broken down by intemperance,
poor living, and general negleet. The edges of the ulcer are
irregular, swollen, and undermined, and the skin around is of a
dark, purplish, and dusky-red colour. The surface is devoid of
granulations, and covered with a dark blood-stained ichorous dis-
charge often mixed with sloughs. When the sloughing proceeds
to any extent, the ulceration is spoken of as sloughing phagedeena.
The ulcer spreads with fearful rapidity, and often destroys the
whole organ, as the penis or vulva, and is attended with severe con-
stitutional disturbance. T'reatment.—The patient should be placed
under an anmsthetic, and the surface of the ulcer dried and then
thoroughly destroyed with fuming nitric acid, T prefer this method
myself as being most efficacious and radiecal in its action. Some
surgeons are content, however, merely to apply carbolic acid
(1 in 20) or perchloride of mercury (1 in 1,000), and then dust with
iodoform. The continuous use of the hot bath is often of m_tmh
service in phagedsena of the penis and vulva. Internally opium
should be given in full doses, with fonies, nourishing diet, and
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when indicated, stimulants. Thorough ventilation and good
hygiene generally are imperative.

The chronic, callous, or indolent wlcer.—This condition of an ulcer
is the result of continued irritation and neglect, in consequence of
which the edges become infiltrated with inflaimmatory material,
which impedes the circulation and prevents healing. It is very
common in the lower third of the leg in the poorer classes. The
edges are smooth, white, callous, rounded, steep, and quite insensi-
tive when touched. The skin around is generally congested or
eczematous. The base is covered with a thin sanious discharge,
whilst there are either no granulations, or such as are present are
small, flabby, pale, and ill-formed. These ulcers often exist for
years, and are usually attended with but little pain, and though
they are at times small, at other times they extend nearly round
the leg. They are often adherent to the fascia, periosteum, or bone.
Old callous ulcers when subjected to continued irritation are apt,
as age advances, to become epitheliomatous. Treatment.—The
callous edges should first be softened by emollient dressings, and
uniform pressure subsequently applied by a Martin’s bandage, by
strapping and a bandage, or by Unna's dressing. The strapping
plaister, ecut into strips one inch and a half wide, should be evenly
applied, and extend two inches below and a like distance above
the ulcer. Holes should be cuf in the strapping opposite the ulcer
to allow of the escape of the discharge. Over the strapping a
bandage should be applied from the foot to the knee. The bandage
should be changed daily; the strapping once or twice a week.
Todoform or some other antiseptic powder should be sprinkled on
the ulcer beneath the strapping. Unna's paste (oxide of zinc
10 parts, gelatine 15 parts, glycerine 30 parts, and water 45 parts)
may be applied as follows:—The limb is bandaged with carbolic
gauze from toes to knee, covering in the ulcer. A layer of the
melted paste is next applied, allowed to dry, and the process repeated.
The contraction of the paste exercises uniform pressure on the ulcer
and limb above and below. When the ulcer is very large or extends
quite round the leg or shows signs of becoming epitheliomatous,
amputation is called for,

The varicose and eczematous ulcer.—These terms are applied to any
ulcer, whatever its other characters, when associated respectively
with a varicose state of the veins or an eczematous condition of the
skin. Both conditions frequently occur together, and are described
under Varicose Veins,

The irritable or painful ulcer.—Though any ulcer may be irritable
or painful, the above terms are generally restricted to a small
pamful ulcer about the anus (see Diseases of Rectum), and to a
small, superficial, generally congested ulcer, commonly situated
about the ankle, and occurring chiefly in women beyond middle
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life. The pain is often intense, and is generally believed to depend
upon the involvement of the nerve-endings.  Treatment. — The
mmprovement of the general health, small doses of opium, and
cauterization with nitrate of silver will often suffice to cure the
ulcer. In inveterate cases an attempt may be made to divide the
nerves subcutaneously after the manner of Hilton,

B. Ulcers whose characters depend upon their specific origin.

- Tuberculous or Strumous uleers ave generally due to the breaking
down of enlarged tuberculous lymphatic glands, the bursting
of subeutaneous tuberculous abscesses, or the ulceration of
tuberculous or so-called strumous nodules. They are generally
multiple and often confluent, forming an irregular indolent sore.
The edges are pale, bluish-pink, thin, and undermined. The
granulations are pale, cedematous, protruding, and readily bleed
when touched. The discharge is thin, yellowish-green and scanty,
Enlarged glands and cicatrices of former ulcers are frequently
present in their near neighbourhood. The cicatrices are generally
raised, pale pink or white, whilst the skin is often puckered-in
around them. ZTreatment.— Constitutionally that for tubercle.
Locally the sore should be destroyed by paring away the edges and
secraping the base with a Volkmann’s spoon. The cicatrices may
sometimes be dispersed by repeated blisterings or by subeutaneous
division,

Syphilitic ulcers.—Primary ulcers or chancres are described under
syphilis. Those occurring in the course of constitutional syphilis
may be divided into the superficial and deep. (a.) The superficial
occur in the course of pustular and tubercular syphilides, and are
often associated with patches of these eruptions on other parts of
the body. They are usually circular or crescentic in shape, spread-
ing by their convex margin, and healing by their concave. Their
edges are sharp-cut and often surrounded by an areola of dusky
redness ; their base is but slightly depressed, and of a dark red
colour, and is often covered by a yellow slough, or a rupial or
ecthymatous scab. Several of these ulcers frequently coalesce,
giving rise to a serpiginous or annular form of uleeration, which is
very charvacteristic of syphilis. (b.) The deep are due to the break-
ing down of gummata. They are circular or oval in shape ; their
edges are steep, sharp-cut, slightly scooped out, and of a dull red
colour; and their base is depressed and covered with a yellow wet-
wash-leather-like slough and the débris of breaking-down tissue.
They leave slightly depressed, white cicatrices, often surrounded
with p’gmentation. Treatment.—Constitutionally, iodide of potas-
sinm should be given in full doses, combined in obstinate cases
with small doses of mercury ; whilst locally a boracie poultice may
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be applied till the slough has separated, and then black-wash,
iodoform, or the red oxide of mercury ointment,.

Gouty ulcers are such as are met with over gouty parts. They
are small and superficial, and the discharge as it dries leaves a
chalk-like deposit of urate of soda on the surface of the ulcer.
The treatment is that for gout.

The scorbutic wlcer.—Should an ulcer exist in a person affected
with scurvy, its surface becomes covered by a spongy, dark-
- coloured, strongly-adherent foctid crust, the removal of which is
attended with free bleeding, and is followed by the rapid reproduc-
tion of the same material. The treatment is that for scurvy.

Lupous, rodent, carcinomatous, and sarcomeatous wleers will be found
deseribed in the sections on Lupus, Tumours, &e.

GANGRENE OR MORTIFICATION.

Although gangrene may occur from causes other than inflam-
mation, 1t is, as we have seen, one of its results, and 1s therefore
described here. Tf differs from ulceration in that the affected tissue
dies en masse instead of in a molecular manner.

General outline of the process.—Let us take as our type gangrene
as 1t oceurs in a superficial part as the result of inflammation. The
part which was previously hot, red, painful, and swelled becomes
cold, gradually falling to the temperature of the surrounding
medium. The pain, which just before the gangrene sets in is
often of a peculiar burning character, ceases, and sensation is com-
pletely lost both to the touch and to other external stimuli. The
skin, formerly red, becomes of a peculiar pale earthy colour,
mottled in places with patches of green or red. Now the cuticle
separates in the form of blebs, or can be removed by gentle rubbing,
leaving the dermis below wet and slippery. A peculiar crepitant
sensation is felt on pressure, on account of the formation of putres-
cent gases in the tissues, which, if eut into, are found stained and
infiltrated with a reddish fluid. The part next becomes blackish-
brown, and emits the peculiar odour of decomposing animal matter.
Supposing the process ceases to spread, ulceration is set up at
the expense of the living tissue bordering upon the gangrenous
part ; a bright red line (the line of demarcation as it is called) is
thus formed between the living and the dead ; this deepens, and
finally the gangrenous part is thrown off in the form of a sphacelus
or slough, leaving a healthy granulating wound which cicatrizes in
the usual way. The minute changes which oceur during the above
process are as follows :—In consequence of the intense action of the
micro-organisms and their products on the weakened tissues, the
infiltration of lencocytes and proliferation of connective-tissue cells
are so excessive that the blood supply of the tissues at the focus of
inflammation is cut off by the compression and thrombosis of the
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smaller arteries and capillaries ; and partly owing to the loss of the
blood supply, and partly as the result of the direct action of the
products of the micro-organisms, the part loses its vitality and dies.
The red corpuscles break down, and their hzemoglobin is dissolved
i the albuminous fluid infiltrating the tissues, and stains them a
deep red ; bacteria make their way through the skin and putrefac-
tion sets in. The tissues disintegrate and liquefy, sulphuretted
hydrogen and other putrescent gases are generated, and the part
rapidly passes through changes similar to those it would undergo if it
were no longer in conneetion with the body. Unless bacteria enter,
the tissues undergo mummification or fatty changes (necrobiosis), not
putrefaction. TIf the gangrene ceases to spread, the living tissues
immediately in contact with the dead part, owing to the irritation
of the micro-organisms and their products, become intensely
inflamed (hence the red line of demarcation) and, subsequently,
10 consequence of the action of the products of the micro-organisms
and of the leucocytes and proliferated tissue cells, with which they
become infiltrated, soften and disintegrate, and pus is formed in the
way described under Ulceration, The eohesion of the tissues being
thus lost, the dead partis cast off. Hgemorrhage, during the process
of separation, is prevented by the thrombi filling the vessels, which
subsequently become permanently sealed as explained in the section
on Hemorrhage. Granulations in the meanwhile spring up on the
surface of the ulcer left on the removal of the slough, and cicatriza-
tion is finally effected. In the meanwhile, if the gangrene is at
all extensive, or affects a vital organ, as a knuckle of intestine, it
exercises a marked effect on the constitution. The vital powers
are depressed, the heart’s action is feeble, the pulse small, soft, and
quickened, the tongue dry and brown, the lips are covered with
sordes, and the appetite is lost ; whilst later, as the products of
putrefaction are absorbed into the system, symptoms of septic
poisoning (sapremia) et in.,

The above may be taken as a type of what is called inflammatory
gangrene. (tangrene, however, may result from causes other than
inflammation, and the dead part, instead of becoming swollen and
infiltrated with fluids, may shrivel up and become quite dry and
mummified. Hence the division sometimes made into meist and dry
gangrene,

The moist or dry appearance of the part depends to a great extent
upon whether the tissues at the time that gangrene supervenes are
charged with blood, as in inflammatory gangrene and in gangrene
from venous obstruction ; or, whether they are more or less deprived
of blood, as in gangrene from the blocking of the main artery .
supplying the part. The two conditions sometimes run into one
another, the dead partatfirstbeing moist, and subsequently becoming,
as the fluids evaporate, more or less dry. The different appearances
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presented by the gangrenous part will be further described under
Varieties of Gangrene, as it varies according to the cause producing
it. The causes of gangrene, therefore, must first be considered.

(uuses.—The immediate cause of gangrene, whether the process
is induced by inflammation, as described above, or otherwise, may
be said to be any agent which is capable of destroying the vitality
of the tissues or cutting off their nutrient supply. The agents
capable of inducing one or other or both of these conditions are
yery numerous. Some of them are in themselves alone sufficient to
act in this way. For others, however, to become operative, certain
prior changes in the tissues would appear to be necessary. The
causes of gangrene, therefore, may be considered under the heads of
predisposing and exciting,

The Predisposing causes ave such as impair the vitality of the
tissues, and render them less able to resist injurious influences.
They, therefore, include those already given under Inflammation
(p. 7), and amongst them may be especially mentioned old age,
feeble action of the heart, chronic congestion of a part, deteriorated
blood as in diabetes and Bright's disease, and impairment or loss
of nerve influence from injury or disease of the nerve-centres or
nerve-trunks.

Exeiting causes..—These may be considered under the following
heads: 1. Physical or chemical agencies, which act by directly
destroying the vitality of the tissues. Among these may be
mentioned mechanical violence, as a severe crushing of the whole
or a part of a limb; excessive heat, as in burns and scalds ; intense
cold, as in frost-bite; chemical action from strong acids, alkalies,
putrid secretions, and the like. Although these may act by directly
xilling the tissues of the part, their action is often aided by inflam-
mation, as seen for instance in a crushed foot, where both the injury
and the subsequent inflammation determine the death of the
member. 2. Inflammation causes gangrene in part by the pressure
of the inflammatory exudation and the thrombosis of the vessels
cutting off the nutritive supply, but chiefly by the action of the
irritant causing the inflammation. The latter is especially the case
in the septic and infective inflammations, the noxa here being either
the products of putrefaction or micro-organisms, especially the
Streptococcus pyogenes. Some inflammations always terminate in
gangrene, as carbuncle. The manner in which miecro-organisms
produce gangrene is not determined, but it is believed to be due to
the action of their products on the tissues. Special forms of inflam-
matory gangrene are (a) the gangrenous cellulitis, generally caused
by the Streptococcus pyogenes (erysipelatosus); (b) the diphtheritic
gangrene caused by the Bacillus diphtherie, and (c) the emphyse-
matous gangrene which is associated with gas-forming organisms,
notably the Bacillus aérogenes of Welch and the Buacillus coli
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communis. 3. Obstruction to the arterial supply, as from ligature of
the main artery, embolism, thrombosis or rupture of the artery
supplying the part, and spasm of the arterioles due to long ingestion
of ergot. 4. Obstruction to the capillary cirenlation from thrombosis
or pressure. Asexamples of this may be mentioned. bed-sores from
pressure of the part between the bed and a point of bone ; the death
of the skin and bone in cellulitis and periostitis respectively from
compression of the capillaries by the inflammatory effusion ; local
sloughing from the pressure of a splint or a new growth ; cancrum
oris from thrombosis of the capillaries, &c. 5. Obstruction to the
venous. return as seen in strangulated hernia, paraphimosis, tight
bandaging, &c. Obstructed venous return, however, is generally
associated with obstruction to the arterial supply as well.

The Sigus of gangrene vary considerably according to the cause.
The general symptoms in the acute mflammatory form have already
been given in the outline of the process (p. 387). Those of the
special forms will be further mentioned under Varieties of Gangrene
and elsewhere, as in the section on Cancrum oris, &e.

The T'reatment, like the symptoms of gangrene, depends so much
upon the cause and nature of the gungrene, that its details can only
be given under the special varieties. Here, however, it may be said
that the general indications for treatment, whatever the variety,
are—(1) Toremove where possible the cause, as a tight bandage con-
stricting a limb, putrefactive processes in wounds, tension, pressure,
and so on. (2) To prevent gangrene, when threatened, from
actually occurring by maintaining the warmth of the part, and
endeavouring to relieve the embarrassed circulation by elevating
the limb, and by gentle friction when there is venous congestion ;
and (3) When gangrene has actually occurred, to check it spread-
ing; to promote the separation of the dead from the living part, or
remove it by amputation ; to control as far as possible the forma-
tion of the produets of putrefaction by keeping the part dry, and
by the free use of antiseptics; to support the patient’s strength ;
to counteract the deleterious effects on the constitution from the
absorption of the septic poison; and to soothe pain by opium.

Varieties of gangrene.—We have just seen that gangrene is
generally divided into the moist and dry according to the condition
of the gangrenous part. Although these may be looked upon as
more or less accidental conditions, depending upon thé amount of
fluid in the tissues at the time that gangrene supervenes, they are
convenient for the purpose of classification, and are thus used here,
As examples of moist gangrene may be mentioned—(1) Inflamma-
tory gangrene, (2) Traumatic gangrene, (3) Hospital gangrene,
(4) Phagedsena, (5) Cancrum oris and Noma, (6) Carbuncle,
(7) Bed-sores, (8) Diabetic gangrene. As examples of the dry—
(1) Senile gangrene, (2) Gangrene from embolism or ligature of a
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main artery, (3) Gangrene from frost-bite, and (4) Raynaud’s
disease. Thus it will be seen that there may be made almost as
many varieties of gangrene as there are causes Prqdumng it. Here
only a brief account of a few of the typical varieties can be given ;
others, as Hospital gangrene, Phagedeena, Cancrum oris, &e., are
described in the sections on Septic Processes in Wounds, Diseases of
the Cheeks, Skin, &e.

TRAUMATIC GANGRENE may be divided into the local and the
spreading. :

Local trauwmatic gangrene is of common occurrence in surgical
hospital practice. It may be the result of a severe injury, such as
the crushing of a limb, whereby the tissues are killed outright or
their vitality is so lowered that the blood extravasated from the
wounded vessels is sufficient in addition to the lowering of their
yitality to kill them. Again, it may be due to the rupture of a
main artery or vein without any lesion of the skin. The sympioms
in these cases are as follows:—The limb is cold and swollen, its
sensibility is lost or blunted, and the pulse below the seat of injury
is indistinguishable. As the patient recovers from the shock of the
injury the circulation may return and all may be well; or the
vitality of the part may become completely lost, the skin dis-
coloured, and the other signs of putrefaction, already described, set
in. Here the process i3 entirely a local one, and 1s dependent
neither on constitutional disturbance, inflammation, nor septic
agencies. But if the limb be not removed, the septic products will
give rise to local inflammation and to constitutional signs of blood-
poisoning. The treatment consists in amputation well above the
gangrenous part as soon as the diagnosis is thoroughly established ;
but as long as it is doubtful whether the limb will not recover,
the part should be handled with all gentleness, kept warm with
eotton-wool, and placed at rest on a pillow, while stimulants should
be administered, and tight bandaging and splints avoided, as such
might be sufficient to determine the death of the part.

Spreading trawmatic gangrene is a much more serious affection,
Here the gangrene spreads with fearful rapidity towards the trunk,
and is attended with severe constitutional symptoms. It oceurs in
two forms, one of which appears to depend upon the constitutional
condition of the patient ; the other upon an infective inflammation.
The former occurs in persons whose vitality has been lowered by
previous ill-health or internal injury. It usually comes on about
the second or third day after an injury that has been generally
though not necessarily severe. The limb becomes swollen, cold,
and of an earthy or leaden hue, and the gangrene rapidly extends
towards the trunk unattended with any local sign of active inflam-
mation ; the patient falls into a typhoid condition, and sinks as
the gangrene reaches the trunk. The second or infective form is
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most frequent after severe crushes or bruises of a limb, especially
the lower, with injury of the bone, as compound fracture attended
with extravasation and retention of blood or serum in the tissues.
The gangrene begins at the edge of the wound and spreads up
towards the trunk, but is preceded by a blush of inflammatory
redness and often by emphysema of the tissues. In this case
the gangrene is the result of infective micro-organisms in the
wound, associated with gas-forming bacilli; the system becomes
poisoned by the absorption of the products of bacterial growth,
and the ordinary signs of septic intoxication (saprezmia), or general
septiceemia with organisms in the circulation, almost always ensue.
Infective endocarditis is a common accompaniment.

Treatinent.—In the first variety, depending on the constitutional
condition of the patient, no treatment hitherto has been of any
avail, as the gangrene almost invariably occurs in the flaps if
amputation is performed. In the second variety, amputation, as
far removed from the injury and gangrene as possible, should be
resorted to early, so as to be well above the infiltrated tissues. It
18 of no use waiting for a line of demarcation, as one does not form.
The strength must be supported by stimulants and fluid nourish-
ment, and opium given to relieve pain. As the gangrene often
spreads higher along the inner side of the limb, the flaps should in
such cases be taken from the outer side. The wound should be
packed with iodoform gauze and left open to insure free drainage.

SENILE GANGRENE is generally taken as a typical example of
the dry variety, but is often more or less moist when starting in
inflammatory action. Tt is usually the result of calcification or of
atheroma of the arteries and consequent clotting of blood on their
roughened surface, a cause rendered more effective in old people
by the weak propelling action of the heart, and feeble circulation
through the lower limbs. It may occasionally be produced by
embolism, It often begins apparently spontaneously as a black
spot on one of the toes or the side of the foot; or it may start as a
slight or diffuse inflammation induced by cutting a corn, a trivial
mjury of the foot, or ulceration of a bunion, and is often preceded
by coldness and numbness, or cramp in the feet. It may gradually
involve the whole foot and part of the leg, the parts becoming dry,
black, and shrivelled. The process of separation is usually very
slow, and at first is attended with very little constitutional disturb-
ance. It frequently terminates fatally. 7'reatment.—It is gene-
rally held that the parts should be allowed to separate spontaneously,
the surgeon merely stepping in to help nature by severing the bone
or any tendons that may remain after the softer tissues have
separated. If this treatment is followed the limb in the meantime
should be kept at a uniform temperature by wrapping it in cotfon-
wool ; the odour of the gangrenous part kept in check by dressings
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of iodoform or dried charcoal; the strength supported by fluid
nourishment and stimulants; and pain relieved and the circulation
controlled by small doses of opium. The result of this treatment,
however, is at the best unsatisfactory. It has been proposed by
M. Hutchinson, therefore, to amputate at a distance from the gan-
grene, e.g. through the thigh in gangrene of the foot, the objection
to amputation in the neighbourhood being the liability of the flaps
to slough, the risk of secondary hsemorrhage, and the difficulty of
securing the arteries. These dangers have probably, however, been
much lessened since the introduction of antiseptics, and successful
cases of amputation through the thinnest part of the leg—a much
less severe procedure in itself than amputation through the thigh
—have been reported.

DIABETIC GANGRENE, as the name implies, oceurs in persons the
subjects of diabetes. The exciting causes of the gangrene are
probably the same as in other forms, though arterial dmes.f;a -a.ntd
peripheral neuritis would appear to be the most common. Diabetic
gangrene in some respects resembles senile gangrene in that it
usually occurs in moderately old people, starts in the lower
extremity, frequently in the toes or the sole of the foot, and 1s
generally the result of a trifling injury, or an inflamed corn, or,
at times, of a perforating ulcer. It usually spreads more rapidly,
however, shows little tendeney to be limited by a line of demarcation,
and instead of being dry, generally remains moist. The activity of
the gangrene would appear to depend upon the weakened tissues in
diabetes being unable to resist the action of micro-organisms and
their products, and forming a favourable nidus for their growth.
Mr. Godlee would distinguish two chief forms of diabetic gangrene: —
In one, depending upon arterial disease, the spread is rapid, the
pain great, and there is little tendency to the formation of a line of
demarcation. In the other, depending upon peripheral neuritis,
the progress is slow, the pain slight, and spontaneous separation
may occur. T'reatment.—Hitherto amputation has been generally
deemed inadmissible for fear of sloughing of the flaps, and the
treatment has consisted of dry antiseptic dressings, dieting and
opium. Recently, however, amputation at a distance, 7.e. through
the thigh in gangrene of the foot, has been successful in the hands
of Godlee, Spencer, and others. In the rapidly spreading form
amputation at a distance is perhaps the best treatment since the
arterial disease generally extends to the knee, but not further. In
the more slowly spreading forms the part may be left to separate
spontaneously, or be removed just above the gangrenous spot. In
all cases the strictest antiseptic precautions must be taken. Do what
we will, however, there is always a danger of death from diabetic
coma, a condition which is liable to follow the most trivial operation
in diabetics,
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RAYNAUD'S DISEASE is a peculiar form of spontaneous gangrene
usually affecting symmetrically the fingers, toes, and more rarely
the ears. It as a rule occurs in children or young persons who
have previously suffered for a longer or shorter period from inter-
mittent attacks of numbness and coldness of the extremities,
generally brought on by cold weather (focal syncope), followed later
I many cases by blueness and congestion, accompanied by burning
pain (local asphyxia), which, in its turn, shows a tendency to run
into actual death of the part (gangrene). The gangrene is usually
of the dry kind, but in the toes and shins a bleb often forms, and
the parts slough (moist gangrene). This condition is supposed to
depend upon some disturbance of the vaso-motor nerve-centre
inducing spasm of the arterioles, or in some cases upon a peripheral
neuritis, but no organic lesion has yet been discovered. Hmmatin-
uria is frequently observed in association with it. Tt does not
appear at present to have ended fatally, T'reatment.—The constant
descending current, as recommended by Raynaud, or placing the
parts in an electric bath, has been attended with good results
before gangrene has set in. When this has occurred it must
be treated on general principles till the parts have separated.
Opium and trinitrine tabloids internally, and massage and bella-
donna locally, have been recommended when the gangrene attacks
the ears. '

TUBERCLE AND TUBERCULOSIS.

TUBERCLE is an inflammatory new growth ("nfective granuloma),
depending upon the presence of the tubercle bacillus, and capable
of inducing taberculosis by transference to most animals. Tubercle
may be limited to one set of tissues, or to an organ (local tuberculosis).
Or it may be generally diffused throughout the whole body (general
tuberculosis),

Structure of tubercle,—Tuberele is met with under two forms,
grey miliary nodules and yellow caseous masses. (a) The grey
miliary tubercles have almost the lustre and hardness of cartilage.
They are globular in shape and vary in size from a pin’s point to
a millet or mustard seed. They are sharply defined, and may be
scattered throughout an organ or on a serous surface, or be grouped
more or less closely. (&) The yellow caseous masses ave soft in con-
sistency and larger than the miliary tubercles, the larger masses
being produced by the fusion of several tubercles. Yellow tubercle
is believed to be due to the degeneration of miliary tubercle. In
some cases of general tuberculosis only the miliary form may be
found, in other cases only the yellow variety; but frequently the
two forms are mixed, and the various stages from grey to yellow,
from the central softening of the miliary tubercle to its complete
conversion into a caseous yellow mass, can be traced.
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Microscopieally a typical grey granulation when of some size
is seen to consist of some smaller nodules aggregated together,
whilst each of these again is composed of cells of various shapes
“and sizes, arranged in three zones (see Fig. 7). The inner zone
is formed by one or more large branching so-called giant-cells,
composed of a granular protoplasm, in which many large distinct
oval nuclei containing nucleoli are found. The next zone consists
of large single-nucleated cells, arranged between the branches or
processes of the giant-cells, which ramify through the zone. These
cells are called epithelioid, from their resemblance to epithehal cells.
The third or outermost zone consists of lymphoid cells, like ordinary
uninuclear leucocytes, or lymphocytes, scattered through a dcl"{cn,ta
reticulum of branched connective-tissue cells, which 1s sometimes

Fra. 7. —Diagram of the minute structure of tubercle.

continuous with the processes of the giant-cells. There is no
distinet line of demarcation between the outer zone of lymphoid
cells and the surrounding tissues, but often a faint indication of
a fibrous ring may be detected. The tubercle-nodule, though
often seated upon a small vessel, is itself completely non-vascular,
The bacilli may be found in the giant-cells, especially in animals,
and in and amongst the epithelioid cells. They are less readily
discovered after caseation has commenced. They are rod-like
bodies, usually straight, sometimes curved, rounded at the ends,
and about one-fifth their length in breadth (see Fig. 8). Although
the above may be regarded as the typical microscopical appearance
of a miliary tubercle, often neither giant-cells nor epithelioid cells
are present, while both these may be found in chronic inflam-
mations which are not tuberculous.

Development  of tubercle—The tubercle bacilli having gained
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entrance to the body may remain at the point of entrance or be
carried by the blood or lymph stream to other and perhaps distant
parts.

A tuberculous nodule commences by the proliferation of the tissue |
cells at the spot where the bacilli may have lodged. Nuclear and
cell division give rise to an aggregation of young epithelioid cells.
At this stage small round cells make their appearance at the circum.
ference of the zone of epithelioid cells. The giant-cells are probably
formed by the growth of a single cell or fusion of several epithelioid
cells accompanied by division of the nueleus or nuclei. They are
therefore of later development and to some extent are a sign of
chronicity. Giant-cells are not an essential part of a tuberculous
nodule, and may be present in any chronic inflammation.

Secondary changes—(1.) Tubercle, probably on account of the
absence of blood-vessels and the pressure of the invading leuco-
cytes, and possibly also on account
of the noxious influence of the baeilli,
is very liable to undergo caseous de-
generation, This change begins at
the centre of the tubercle in the giant-
cells, and spreads outwards. (2.) In
chronic tuberculosis, instead of casea-
tion occurring, a capsule of fibrous
tissue may be formed around the
nodule, and the cicatrization extend-
ing inwards until the giant-cell is
involved, the whole tubercle may be
converted into a mass of fibrous
tissue. The tubercle bacillus is
not found under such conditions.
(3.) After caseation has occurred the tuberele may become encysted,

may undergo caleification, in both of which states it may remain
harmless; or (4) it may become infected with pyogenic micrococed,
which, acting as irritants, set up inflammation and suppuration in
the tissues around, leading to the formation of an abscess, and
subsequently on its bursting to an ulcer.

Cause.—The immediate exciting cause of tubercle is the presence
of the tubercle baeillus. The bacillus is believed in man to gain
admission (1) by the digestive tract, as in the saliva of a phthisical
mother or nurse, in milk taken from cows with tuberculous udders,
or in imperfectly cooked tuberculous meat; (2) by the respiratory
tract, as by the inhalation of the dust of dried phthisical sputa, &e.
(@érogenous tuberculosis); and (3) by the skin. It is still doubtful
if man is often inoculated through the skin; at any rate, there then
seems little or no tendency for tubercle to spread beyond the point
of inoculation.

Fia. 8, —The tubercle bacillus.
(After Meintyre.)
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Predisposing causes.—For the bacillus fo take effect a lowering
of the vitality or resisting power of the tissues appears to be
necessary. Such a condition of the tissues may be present
(1) in children born of phthisical parents (hence heredity n
this sense may be said to be one of the chief predisposing causes,
but it must be remembered that tubercle is not transmitted
from the parent to the offspring as is syphilis); (2) in the
so-called strumous diathesis ; and (3) in certain states of the
system induced by bad hygiene and food, and imperfect assimila-
tion of food and consequent impairment of nutrition. Tubercle
is most common in the young, but adults and even old people
are liable to it when exposed to like unfavourable conditions,
a slight inflammation or injury then generally forming the
starting point,

Dissemination of tubercle.—The bacillus having gained admission
in one or other of the above-mentioned ways is believed to set up
the tuberculous process as previously deseribed. The tuberculous
process may then (1) remain confined to the seat of inoculation, as
in some forms of tubercle of the skin (lupus and post-mortem warts).
Or (2) with or without any local manifestation it may spread by
the lymphatics to the nearvest lymphatic glands and there become
arrested. As an example of this may be mentioned the tuber-
eulous enlargement of the glands of the neck, in which the bacillus
18 believed to gain admission through a crack or small ulecer of
the mucous membrane of the mouth or through an inflamed
tonsil. Again, (3) the bacillus may pass the glands and enter the
lymphatic or haemic circulation, and then either (a) become lodged
in some organ or distant part of the body, as the testicle, a bone
or a joint, or (b) become disseminated, setting up general acute
tuberculosis (lymphogenous and hwematogenous tuberenlosis). The
brunt of the affection falls in the latter case either on the lungs
(acute tuberculous phthisis) or on the membranes of the brain (acute
tuberculous meningitis), When affecting an organ or tissue, as
& testicle or a joint, it may remain localized for a longer or
shorter time, and even become cured; or it may set up inflam-
mation, and imvolve and destroy the whole organ; or finally
become generally disseminated through the system, leading to
general tuberculosis,

Localization of tubercle—Tubercle has a special affinity for
certain organs and tissues to the exclusion of others. Serous
membranes, such as the pleura, peritonewm, pin mater, and
arachnoid, are especially liable to be affected : whilst, on the other
hand, the pericardium and the tunica vaginalis show an Immunity.
Of all organs the lung is most prone to suffer; next, though much
less frequently, the testicle, kidney, brain, liver, spleen, supra-
renals, and ovaries. The larynx and intestines may become




48 GENERAL PATHOLOGY OF SURGICAL DISEASES,

involved by the bacillus coming into contact with them either in
the breath or swallowed sputa; yet the trachea, the stomach, and
the upper part of the intestine generally escape. The bones and
Joints are frequent seats of the disease, which has a special pre-
dilection for the cancellous ends of the long bones and the short
bones. The.upper end of the femur and hip-joint, the ends of the
femur and tibia forming the knee-joint, and the short bones and
joints of the foot and hand are most often affected, the elbow-joint
less often, and the upper end of the humerus and the clavicular
joints but rarely. The, scapula and ilium with the acetabulum
may suffer, but the shafts of the long bones, the clavicle, and the
ischium and pubes, apart from the acetabulum, escape. The bodies
of the vertebrae are frequently attacked, while the laminm, with
the spinous and transverse processes, remain free. The hones of
the skull are rarely involved, those of the jaws and face never.
Tuberculosis may occur in the skin and affect the glands, but
lupus, which is a form of tuberculous disease, does not spread to
the glands. The reason for tubercle affecting any special organ or
tissue is not known, but it is thought to depend on some previous
lowering of vitality of the part, as a sprain of a joint, a blow on
the testicle, &e.

A general though brief account of tubercle has been here given to
prevent repetition when treating of tuberculous diseases of certain
organs. As a surgical affection, it is chiefly met with in the bones,
joints, testicle, lymphatic glands, skin, larynx, and more rarely in
the bladder and rectum. All that need here be said is, that such
lesions are of a very chronic and indolent nature; that they are set
up by very slight and apparently inadequate causes; that they
exhibit a marked tendency to suppuration and progressive destruc-
tion or undermining of the tissues, and but little tendency to repair;
that they are often productive of much scarring and deformity, as
when they occur as abscesses in the neck ; that they are generally
very obstinate and intractable as regards treatmeut; and that they
may terminate in general dissemination of the tubercle through the
body, and death.

The treatment should be both constitutional and local. Thus the
patient should be placed under as perfect hygienic conditions as
possible, with residence at the seaside, preferably Cromer or Mar-
eate, or where practicable he may go a sea voyage. The diet should
be nourishing but unstimulating, with plenty of milk and cream,
whilst cod-liver oil or maltine and the syrup of the iodide or phos-
phate of iron are especially indicated. Koch's tuberculin has now
had extensive trial in surgical tuberculous affections. My own expe-
rience of it has been unfavourable, and such would appear to be
that of the majority of surgeons. A grave objection is the danger
of setting up general tuberculosis. The local treatment required
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for the various lesions that may be present is given when describing
these lesions as they occur in special tissues and organs.

HBTRUMA OR SCROFULA.

The terms struma and scrofula are here used synonymously.
To prevent confusion the former, as perhaps the one In more
general use, will be subsequently employed. By struma or stru-
mous is generally understood a constitutional condition or diathesis,
in which, on very slight provocation, chroniec inflammations of
certain tissues and organs, preferably skin, muecous membrane,
lymphatic glands, bones, joints, and testicle are set up, run an
indolent course, and have a marked tendency to caseation and
suppuration. By most pathologists, however, these chronic inflam-
matory processes, which have been supposed to be characteristic
of struma, are considered to be in themselves of a tubereulous
nature, and dependent on the presence of the tubercle bacillus;
whilst what is here called the strumous diathesis is regarded by
them merely as a phase of ill-health or malnutrition, favourably
disposing the subject to tubevculous infection. Such observers,
therefore, regard the terms strumous and tuberculous as synony-
mous. The histological characters and the general behaviour of
the so-called strumous inflammations are no doubt in many
respects similar, 1f not identical, to those which are on all hands
regarded as tuberculous, and in many of them the tubercle bacillus
has been found. In others, however, even after a careful search,
1t has not been discovered microscopically ; and, therefore, until
the presence of the tubercle bacillus has been demonstrated by
animal experiments, it is unsafe to assert that all the so-called
strumous inflammations are tuberculous. The constitutional con-
dition or diathesis, moreover, regarded by surgeons as strumous,
18 certainly something more, though difficult to define, than a mere
state of debility or feeble health, It would appear, therefore, that
the so-called strumous inflammations, though generally tuber-
culous, are sometimes of a simple chronic character, and only dis-
tinguishable from ordinary chronic inflammations by the indolence
of their course and the tendency of their products to undergo caseation
or become secondarily infected by the tubercle bacillus: and further
that the strumous condition or diathesis is a constitutional state in
which certain tissues and organs possess a feeble resisting power,
and are hence exceedingly liable to be infected by the tubercle
bacillus or on very slight injury to become inflamed, whilst the
most trifling irritation, as friction, tension, or pressure, is then
sufficient to keep such inflammation up.

The causes of the condition known as the strumous diathesis are

hardly known, but it is thought to be hereditary, and has been

W. ”
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attributed to bad hygienic conditions of all kinds, as impure air,
dark and damp dwellings, improper or insufficient food, &e. It
1s said to be especially common in children born of dyspeptic or
phthisical, or very young or very old parents, Syphilis in the
parent is also believed by some to be a cause.

Symptoms.—The general symptoms which are usually regarded
as strumous, irrespective of any of the local lesions, as enlargement
of the tonsils or of the lymphatic glands, eczematous eruptions of the
skin, disease in the bones or joints, and catarrh of the mucous mem-
branes, are thus given by the late Sir William Savory, who speaks
of two chief forms of the diathesis:—*“In the first, distinguished
as the sumguineous or serous, there is a general want of muscular
development ; for although the figure may be sometimes plump
and full, the limbs are soft and flabby ; the skin is fair and thin,
showing the blue veins beneath it; the features are very delicate ;
oiten a brilliantly transparent rosy colour of the cheeks contrasts
strongly and strikingly with the surrounding pallor ; the eyes, grey
or blue, are large and humid, with sluggish pupils sheltered by
long silken lashes; hair fine, blonde, auburn, or red; teeth white
and often brittle; there is frequently a fulness of the upper lip and
aloe nasi ; the ends of the fingers are commonly broad, with convex
nails bent over their extremities. Such persons usually possess
much energy and sensibility, with elasticity and buoyancy of spirits;
they often possess, too, considerable beauty. In this variety, with
the same delicacy, the skin and eyes are sometimes dark. In the
second, distinguished as the phlegmatic or melancholic, the skin, pale
or dark, is thick, muddy, and often harsh, the general aspect dull
and Leavy ; hair dark and coarse ; the mind is often, but not always,
slow and sluggish. Children especially, in whom the diathesis is
strongly marked, are often distinguished by the narrow and pro-
minent chest, the tumid and prominent abdomen, and the paste-
like complexion; the limbs are wasted; the circulation languid;
chilblains are common on the extremities; the mucous membranes
particularly, and above all of them the digestive, are liable to
worbid action ; the breath is often sour and feetid; the tongue is
furred, and the papillie towards the apex red and prominent ; the
bowels act irregularly, and the evacuations are unusually offensive ;
the digestion weak ; the appetite variable and capricious.”

An account of the lesions of the skin, mucous membranes,
tonsils, lymphatic glands, bones, joints, testis, &e., which were
regarded by the older pathologists as local symptoms of struma, -
but are now believed to be due to tuberculous infection, 1s givenin
the section on Diseases of Regions.
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BYPHILIS.

Syphilis may be divided into (1) the acquired, and (2) the inherited
or congenital, :

ACQUIRED SYPHILIS is a constitutional disease due to direct
inoculation with a specific virus. If is characterized by the
appearance, after a certain period of incubation during which the
poison is circulating in the system, of a local lesion at the seat
of inoculation, followed by induration of the nearest lymphatic
glands, and after a variable time by certain affections of the skin
and mucous membranes and more rarely of the deeper tissues, and
still later by fibroid changes in the tissues and viscera, or the for-
mation of gummata which are exceedingly liable to break down
and suppurate.

General outline of the disease,—Beyond perhaps a slight abrasion,
which heals in a few days, and is possibly thought no more of,
nothing is probably noticed till about three weeks to a month.
Attention is then called to the part by a slight irritation, and a red
papule may be noticed which slowly enlarges, becomes indurated at
the base, and perhaps ulcerates. This papule or ulcer is called the
primary chancre, and the period which intervenes between the date
of inoculation and its appearance, the period of incubation. The
mnduration of the sore increases, and the neighbouring glands
become hard and shotty. In from six weeks to three months from
the date of inoculation, affections of the skin and mucous membrane
begin to show themselves, and are known as secondary manifesta-
tions. The period between their appearance and the induration of
the chancre is sometimes called the secondary incubative period,
during which time malaise, pain in the limbs, lassitude, &e., are
noticed. The secondary affections are symmetrical, and though
generally confined to certain superficial changes in the skin and
Inucous membrane, at times attack the deeper structures, as the
bones, iris, &c. The secondary stage may last from two months to
two years, and no further changes may manifest themselves, the
disease appearing to be worn out; or after a few months or years
of apparent cure, further changes, known as tertiary symptoms, may
make their appearance. The tertiary affections are asymmetrical,
and not only attack the superficial parts, but are especially common
i the deeper structures, as the bones, periosteum, and viscera. They
consist in the formation of gummatous material in the skin and
 mucous membrane, which is very prone to break down and ulcerate ;
and of gummatous swellings in the bones, periosteum, and viscera,
leading to suppuration, fibroid changes, necrosis, serious contrac-
tions, paralysis, &c. The tertiary affections may last for years or
even for life, and not infrequently terminate fatally when involying
vital structures. It should be thoroughly understood, however,
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that there is mo hard and fast line between the secondary and
tertiary stages of syphilis. The one may merge into the other, or
the secondary symptoms may last into the period usually assigned
to the tertiary, whilst the latter may show themselves a few months
after the first appearance of the sore. Syphilis, like the exanthe-
mata, as a rule confers immunity upon the patient from a second
attack, although in rare instances a second attack has been known
to occur. As long as the patient shows secondary manifestations
of syphilis, it will probably be transmitted to any offspring. Hence,
as a rule, a patient should not be allowed to marry for fully two
vears after the disappearance of the secondary symptoms.
Primary sYPHILIS,—The primary or infecting chancre, or hard
sore as it is sometimes called, though most often met with on the
genitals, may occur on any part of the body exposed to infection,
and hence is not infrequent on the fingers of accoucheurs, the lips,
nipple, &c. On the genitals its most frequent situation is on the
prepuce just behind the corona glandis in the male, and on the
inner surface of the labia in the female ; but it is often met with on
the glans, the skin of the penis, and just within the urethra; more
rarely on the vaginal walls and os uteri. It is commonly produced
by direet contact with another chancre, or a mucous tubercle or
other secondary lesion ; but it may also be contracted indirectly i
many ways, as by drinking out of an infected vessel, or by inocula-
tion with infected lymph in vaccination. The exact nature of the:
yirus is not known, but is believed by many to be a specific micro-
organism. It is probable that it is generally inoculated through
a crack or abrasion, except in situations where the skin or mucous
membrane is very thin and delicate. The period of incubation
varies from ten days to six or seven weeks or even longer. When,
however, the syphilitic virus is inoculated in the pure state 168
usually gives rise to no sign till three to five weeks, when a small =8
papule will be noticed, which enlarges and becomes indurated at:
the base, and may either remain as an indurated nodule throughout,
or if irritated change into a small ulcer. Not infrequently, how-
ever, the virus may be conveyed in the pus of a non-infecting
or soft chancre, under which circumstances a soft chancre will form
in two or three days whilst the syphilitic poison is still circulating:
in the system, and after the incubative period is passed will manifest
itself locally by induration about the base of the soft sore, or if
this is healed, by an indurated nodule at its former site.
characters of an infecting chancre vary. In the typical form
(Hunterian chancre) it is raised though slightly depressed at 1ts &
centre, whilst its surface is either glazed or covered with epithehal
débris or scanty secretion; there is scarcely any iﬂﬂﬂ:mmatmn, bu 1
marked and sharply circumscribed induration about its base. The
induration, however, may be absent in chancres on the glans penis.
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and on the female genitals, and is seldom well marked in chancres
on parts of the body other than the genitals. It must be borne in
mind, moreover, that a non-infecting sore when inflamed may be
attended with some inflammatory induration, and hence may'be
mistaken for an infecting sore. This inflammatory induration,
however, is diffused, and fades away into the surrounding parts;
whereas the induration of an infecting sore feels as if a piece of
cartilage or parchment had been inserted under the skin. Infecting
chancres, though usually single, may be multiple if several spots
are inoculated at the same time, all then appearing at the same
stage of development; but when a primary chancre has once
declared itself, showing that the system is impregnated with the
poison, other chancres can no longer be produced by monlllfxtlﬂzl 1n
the same patient. The duration of a primary chanere varies. It
usually disappears quickly under the influence of mercury, but if
untreated may last for many months. The lymphatic glm_lds
generally become enlarged about the same time as the induration
of the primary sore, a condition known as indurated bubo. Thus,
if the chancre is on the genitals or about the anus, the inguinal
glands are those affected; if on the finger, the epitrochlear or
axillary ; if on the lip, the submaxillary. They havea hard, shotty
feel, remain distinet from each other, are painless, not adhevent to
the skin, and do not, as a rule, suppurate. The induration is
commonly greater in the inguinal glands than in those of other
gituations: but, at the same time, the enlargement is not so
marked. The induration may subsequently atfect all the glands of
the body, especially the posterior chain in the neck, If the chancre
is irritated or inoculated with pus from a soft chancre, or a soft
chanere has formed simultaneously, then a suppurating bubo may
oceur,

SECONDARY SYPHILIS.—The secondary symptoms consist of
certain affections of the skin and mucous membranes, general
enlargement of the lymphatic glands, and more rarely of inflam-
mation of such deeper structures as the iris and periosteum. They
generally set in from six weeks to three months after the appearance
of the primary sore. They may assume a very severe or a Very
mild form, or they may not ocenr at all, or may be so slight as to
be overlooked.,

The skin eruptions may take various forms. The earliest to
appear 1s usually a roseolous rash over the chest and abdomen. It
18 generally accompanied by a congested condition of the mucous
membrane of the fances, giving rise to a slight sore-throat. This
rash is produced merely by local congestion, and hence fades on
pressure and usually disappears in a short time. DBut should the
congestion continue, some infiltration of the skin may oceur, and
the epithelium take on increased growth, and be thrown off in the
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form nfz scales, the eruption being then known as a scaly syphilide
or psoriasis. Should further infiltration oceur, a papular syphilide,
or lichen, may be produced; or if the process is more acute, serum
may be exuded, and raise the cuticle in the form of small vesicles,
or even of large blebs, conditions which are spoken of as a wesicular
syphilide or eczema, and as a bullous syphilide or pemphigus respec-
tively.  Both, however, are rave, and the latter seldom OCCUTE,
except 1n congenital syphilis. Still later, especially where the
patient is debilitated, the vesicles may be converted into pustules
(pustular syphilide), while the pustules again may dry info scabs,
which fall off, leaving no scar beneath (syphilitic ecthyma); or if
the patient is cachectic, or his constitution broken down, uleeration
may ensue beneath the scabs (rupia). Theappearance presented by
rupia 1s peculiar. = As the ulceration proceeds in depth and extent,
larger and larger scabs are successively formed beneath those above
which are thus pushed forward, giving the mass the appearance of
a limpet-shell. Hach rupial spot is surrounded by a dusky-red
areola, and on the separation of the scab, a foul circular ulcer is
left, which, on healing, leaves a permanent scar. Rupia by some
is regarded as an early tertiary, by others as a late secondary, affec-
tion. With the exception of rupia the eruptions in syphilis resemble
those due to non-syphilitic causes. They are, however, all modified
by their coppery or raw ham colour, by more or less surrounding
pigmentation, by their symmetrical arrangement, by the cireular or
crescentic shape of the patches, by the absence of itching, by the
absence of the large silvery scales seen in ordinary psoriasis, by
their predilection for certain situations, i.e., the chest and abdomen,
the space between the shoulders, the back of the neck, the forehead,
especially about the roots of the hair, the palms and soles, and the
flexor aspect of the limbs; and lastly, by their polymorphism, i.e.,
their mixed charaeter, the eruption being here papular, here scaly,
here pustular, &e. In situations where the parts are moist, as about
the mouth, anus, and scrotal folds, the papillee become succulent
and the epithelinm sodden, forming condylomata. Where such
oceur between the toes, ulceration may ensue (rhagades); but this
condition is not common, except as the result of unecleanliness.
Condylomata appear as low, soft, flattened, sessile elevations of a
whitish colour, with a smooth surface, covered by a moist secretion,
and often of considerable size. They are intensely contagious, and
when occurring where two skin surfaces are in contact, as about the
anus and labia, are usually symmetrically placed on either side.
The affections of the mucous membrane ave similar to those of the
skin, and are also usually symmetrical. At first, they consist
of mere congestions, later of infiltrations with overgrowth and
soddening of the epithelium (mucous tubercles), and subsequently
of superficial uleerations from the breaking down of the infiltrating
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inflammatory exudation. Mucous tubercles are especially common
about the palate and fauces, side of the tongue, lips, and cheeks, and
appear as slightly elevated whitish-looking patches, giving the part
somewhat the appearance of having been rubbed over with nitrate
of silver. Theulcers, which occurin similar situations, particularly
about the tonsils and corners of the mouth, are usually of a cres-
centic shape, with sharp-cut edges, and are quite superficial.
Similar mucous patches and ulcers may occur in the larynx or about
the anus or in the rectum.

During the later secondary stages, besides the superficial eruptions
and ulcerations which may still be present, the deeper structures
may become involved. Amongst these may be mentioned the
iris, periosteum, bones, joints, ear, and testicle. The lymphatic
glands, not only those nearest to the primary sore, but over all the
body, become affected, the posterior cervical more particularly so.
This condition is of service in diagnosis; but as it gives rise to no
symptom, it is generally overlooked by the patient. Syphilitic iritis
is especially characterized by the presence of nodules of lymph on
the iris, the effusion into the anterior chamber, the comparatively
small amount of pain, and its amenability to mercurial treatment.
But the irregular pupil, discoloured iris, eircumcorneal zone of
eongestion, photophobia, and patches of pigment on the lens, are
also present as in other forms of iritis. The periostitis seldom
gives rise to the distinct nodes so common in the tertiary stage;
otherwise the symptoms ave similar. The joint-affections are
like those in rheumatism, and exhibit nothing very characteristic.
Epididymitis and orchitis are occasionally observed, and are then
generally symmetrical, thus differing from the gummatous affec
tions of the testicle in the tertiary stage.

The general health usually suffers, the hair becomes thin (syphilitic
alopecia), and the patient ansemic. At times severe cachexia ensues,
attended by much wasting and prostration.

TERTIARY SYPHILIS,—The symptoms of the tertiary stage com-
monly occur after a period of apparent cure, sometimes within a
few months after the cessation of the secondary symptoms, at other
times not till after many years. Occasionally, however, they may
be manifested within a few months of the primary sore, i.e., during
the period usually assigned to the secondary stage. Moreover,
between the termination of the secondary and the onset of the
tertiary, certain skin eruptions, enlargements of the testicle,
choroiditis, inflammations and ulcerations of the tongue, and
psoriasis of the palms may occur, and have been spoken of as
‘‘reminders.” They are by some regarded as constituting an
intermediary stage. The tertiary affections proper are of a more
serious nature than the secondary, and show no tendency to spon-
taneous cure. They depend upon chronie inflammations in various
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tissues and organs leading to the formation of granulation-tissue
(guwmmata). The gummata may undergo caseation and break down,
producing when situated in the subeutaneous and submucons tissue
characteristic ulcers: or they may continue for indefinite periods,
or be slowly absorbed under appropriate treatment, leayin g fibroid
thickenings and scarrings in the capsules and substance of the
- affected organs, These gummata vary in size from a pea to a
walnut, and are intimately blended with the surrounding tissues.
They consist, roughly, of three zones; in the central, the eells are
breaking down and undergoing fatty change ; in the next zone the
cells are contained in a fibrillated matrix ; in the outer zone
numerous vessels ramify among the cells. The breaking down of
the central portion is attributed to changes in the vessels causing
a diminution of their calibre or complete thrombosis, whereby the
blood-supply of the central zone is cut off and degeneration conse-
quently ensues. Amongst the most common of the tertiary lesions
may be mentioned—1, chronic gummatous inflammation of the
periosteum and bones, leading to the formation of nodes, caries, or
necrosis, and giving rise, as when attacking the bones of the nose,
to horrible deformity ; 2, gummatous infiltration of the skin and
mucous membrane (fubercular syphilide) terminating in serpiginous
ulceration ; 3, gummatous swellings in the subeutaneous and sub-
mucous tissue, which may break down, forming deep ulcers the
cicatrization of which causes severe contractions, as for instance
those seen in stricture of the pharynx, glottis, and rectum ; 4,
gummata in the muscles; 3, gummata in the tongue, producing
scarring and ulcers apt to terminate in epithelioma: 6, affections
of the nervous system leading to paralysis; 7, affections of the
arteries leading to embolism or aneurysm ; and 8, gummata, followed
by contraction and fibroid changes in the liver, lungs and other
viscern. The various tertiary lesions will be further described
under Diseases of the special Tissues and Organs; for those affecting
the lungs, liver, kidneys, and nervous system, a work on Medicine
must be consulted. Here it must suffice to say that the tertiary
lesions are usually asymmetrical; that they are not, as a rule,
contagious; that they are chronic in their course; and that they
often prove fatal by affecting important organs, as the lungs or
brain, or by causing constriction of a passage, as the larynx or
rectum.

The trestment of syphilis necessarily varies according to the
constitutional condition of the patient and the stage of the disease.
The primary sore requires no other /ocal treatment than the appli-
eation of iodoform or black-wash and protection from irritation.
Some, however, still advocate its destruction by caustics or complete
excision, and further recommend removal at the same time of the
nearest indurated glands. The majority of surgeons haye regarded
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such treatment as useless, believing that the induration of the
primary sore is merely an indication that the disease is already
established in the constitution. Moreover, excision has repeatedly
failed to prevent the occurrence of secondary symptoms. At the
International Medical Congress at Berlin, however, the consensus
of opinion was in favour of the possibility of aborting the disease
by an early excision. Constitutionally, mercury in some form is
by the majority of surgeons thought to be necessary in all cases.
It must, however, be given with caution to strumous and tuber-
eulous subjects, and to persons whose constitution is impaired by
dissipation, aleohol, or bad living. It should be withheld in chronic
Bright's disease; nor should it be forgotten that some patients
exhibit a peculiar idiosynerasy, in that they are violently salivated
by a grain or two of the drug. Mercury may be given—1, by the
mouth ; 2, by inunction; 3, by fumigation; 4, by subcutaneous
injection; and 5, by infra-venous injection. It is, as a rule,
perhaps, best given by the mouth, either in the form of a pill or
mixture. As a pill, the green iodide in doses of gr. 3 to grs. 2,
combined with gr. ¥ to gr. § of opium to prevent purging, may be
given two or three times a day, or the mercury and chalk powderin
doses of from grs. 2 to grs. 3, or calomel or blue-pill may be substituted
forit. As a mixture, the perchloride in doses of gr. J; to gr. L, com-
bined with ammonia, is very useful. The green 10dide possesses an
advantage, in that the iodine prevents an accumulation of mercury
in the system. Tannate of mercury is highly recommended by some
surgeons, since, being unaffected by dilute acids, it passes through
the stomach without change, but on reaching the duodenum is
reduced by the alkaline secretions to its metallic state, the globules
being so minute that they arve believed to be capable of absorption
by the villi. Hence it is less liable than other preparations to set
up gastro-enteritis and diarrheea, and having no cumulative pro-
perties there is less fear of salivation. It is rapidly absorbed and
as quickly eliminated by the urine, The drug, moreover, is stable.
It should be given in the form of a pill in doses of gr. 1}.  Where
mercury given by the mouth causes much irritation of the bowels,
1t may be used in the form of an inunction, half a drachm to one
drachm of mercurial ointment being rubbed into the inner part
of the thigh or the axilla night and morning, the parts being
thoroughly washed every day to prevent the ointment accumulating
m the sweat-ducts, &. This is a rapid way of bringing the patient
under the influence of the drug, as is also fumigation with calomel
or other preparation of mercury, though this latter method may be
followed by violent salivation. Subeutaneous injection appears to
possess no special advantages over the other methods except per-
haps in obstinate tertiary nerve lesions, and is apt to cause sores
or abscesses at the point of puncture, The preparations commonly
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| injected are the perchloride, gr. } to 1 the salicylate, gr. 1.  When

iﬂjﬂl’}f-l?:’tﬂ with liquid paraffin as the vehicle signs of pulmonary
embolism have been observed. The effects of the mercury should
be judged by its action on the primary sore and secondary affections,
Under its influence the induration of the sore rapidly disappears,
and the rash fades. It should never be pushed beyond causing a
slight soreness of the gums, the formation of a red line on their free
margin, and tenderness on biting. Should salivation occur, the
mercury should be immediately stopped, a gentle purgative given,
the mouth rinsed with a gargle of chlorate of potash, and iron
taken internally. The mercury should also be intermitted for a
few weeks or so at a time if symptoms of depression come on.
During the mercurial course the patient should aveid chills and
abstain from alcohol, fresh fruit, and food liable to disturb the
digestion and set up diarrhcea. The mercurial course may with
advantage be continued for a year or more, and on its termination
iron, tonics, and cod-liver oil should be given, whilst change of
air and the baths of Aix-la-Chapelle or Harrogate will be found
beneficial. If mercury cannot be taken or is contra-indicated,
iodide of potassium with a tonic treatment may be tried. Of
the effects of injection with serum taken from immune animals
rendered furtherimmune by the introduction of blood from patients
with secondary syphilis, it is too early to speak with any certainty.,
So far the treatment does not appear to equal that with mercury.
During the secondary stages mercury should still be continued
internally. TLocally, condylomata are best treated by dusting
them with equal parts of calomel and oxide of zine, under which
they dry up very rapidly. Mucous tubercles about the fauces may
be gargled with black-wash ; superficial cracks and ulcers on the
lips, tongue, &c., may be touched with a strong solution of nitrate
of silver, or a lotion of bicyanide of mercury or chromic acid.
Iritis should be energetically treated by mercury, or if this is
already bemg given, the dose should be increased, whilst locally
atropine should be dropped in the eye, and if there is much pain
and the congestion is acute, leeches or blisters should be applied to
the temple. 1In the tertiary stages iodide of potassium has the most
marked effect. It may often be advantageously combined with
ammonia, quinine, iron, or cod-liver oil, or even with small doses
of mercury if the affection proves intractable. TIf badly tolerated
kola chocolate may be given with it, or iodide of sodium or ammo-
nium substituted for it. In tertiary nerve lesions intramuscular
injections of perchloride of mercury (gr. 1) or of salicylate of
mercury (gr. 11) are strongly recommended. The injections are
usually made once a week or oftener in the gluteal region, the
syringe being passed deeply into tha _1mder1ym_g muscle. In
intractable cerebral syphilis, where there is great pain ora vital part
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is involved, intra-venous and para-venous injections of mercury
have been attended with brilliant results. A ligature is applied
above the vein selected, usually one at the bend of the elbow,
the needle thiust into the vein, the ligature loosened, the syringe
attached, and one gramme to four grammes of a 1 per cent. solu-
tion of perchloride or cyanide of mercury injected. The strictest
antiseptic precautions should be observed. The chief advantage
claimed for this method is that it succeeds after all other methods
have failed. In the para-venous method the mercuric solution is
injected in the neighbourhood of the vein, into which it is said to
pass by endosmosis,

The treatment of tertiary syphilis will -be referred to more in
detail under the Diseases of Tissues and Organs.

Should phagedsena occur, it must be-energetically treated by
the continuous hot bath, or by the destruction of the ulecer with
fuming nitrie acid or acid nitrate of merecury.

CONGENITAL OR INHERITED SYPHILIS is syphilis transmitted to
the offspring by one or both of the parents, and must be distin-
guished from syphilis contracted by the infant coming in contact
with a chancre on the genitals during birth, which would be a case
of acquired syphilis. Cawuse.—The poison is fransmitted through
the spermatic fluid of the father or the ovum of the mother, and
not by divect inoculation and the formation of a primary chancre
as in the acquired form. Symptoms.—The child is usually born
healthy, and though the virus is present in the system, the dizease
does not manifest itself as a rule till the fourth to the sixth week.
In rare instances, however, infants are born with well-marked
signs of syphilis; and at times the affection does not show itself
till much later in life. Buf in the latter case the symptoms are
those of the tertiary stage, not those of the secondary stage
delayed. The symptoms in a typical case usually set in with a
chronie catarrh of the nasal mucous membrane, popularly known
as the snuffies, followed by a rash on certain parts of the body and
mucous tubercles and superficial ulcerations about the mouth and
anus., The catarrh may simulate merely a cold in the head, or
be attended with a muco-purulent discharge, and cause obstrue-
tion to respiration and difficulty in sucking. The eruption, like
that of the secondary stages of acquired syphilis, is symmetiical,
and of the same peculiar coppery or raw ham colour. It is most
common about the nates and genitals, where it is usually erythe-
matous in character, and on the palms of the hands and soles of the
feet, where it is commonly squamous, But it may be papular and
at times bullous or pustular. A well-marked mucous tubercle or
condyloma about the anus is pathognomonie of the disease. These
symptoms are frequently, though not invariably, accompanied by
angemia and wasting, the child looks shrivelled and old, the skin
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earthy and dry, whilst the hair may fall off, and the nails, iris,
periosteum, and bones may be affected as in the acquired form. At
this period death is far from uncommon. Usually, however, and
especially under a mercurial course, the symptoms gradually subside,
and by the end of the first year disappear altogether and no further
manifestation of the disease may oceur throughout life. But
frequently after several years of immunity certain tertiary affections
show themselyes, the chief of these being interstitial keratitis,
periostitis, and osteitis, followed by necrosis, disease of the ear often
ending in total deafness, ulceration about the palate, chronic 8yNO-
vitis of one or more of the joints, and the formation of gummata
in the viscera, testicle, &e. Along with these, certain important
diagnostic symptoms, the result of the former secondary lesions,
may be present, viz.: 1, a depressed and widened condition of the

Fra. 9. —8yphilitiec teeth Fra. 10.—Mercurial teeth
(after Hutchinson). {(after Hutchinson).

bridge of the nose, due to the influence of the nasal catarrh upon
development of the nasal bones and septum; 2, radiating scars
about the angle of the mouth, the result of the cicatrization of the
former ulcers (Hutchinson's lines) ; 3, a peculiar conformation of the
skull, the result of the previous bone-lesion, consisting chiefly in
a furrow above the eyebrows, a square forehead, and prominent
frontal eminences; and 4, a characteristic appearance of the per-
manent central incisor teeth, consequent upon the action of the
stomatitis upon them while yet soft and uncut. The distinctive
sign of syphilis in these teeth is a slight crescentic notch in the
biting edge (Fig. 9). They are also generally dwarfed, especially
in width, their angles are rounded off, and their sides convex in
outline (pegged teeth). These appearances must be distinguished
from those due to the action of mercurial stomatitis, t;he teeth
so affected showing horizonal markings, or honeycomb-like exca-
vations in the enamel (compare Figs. 9 and 10).

The bone-lesions of congenital syphilis were until recently over-
looked, or confounded with those of rickets, which they much
resemble. Two forms are deseribed, the nsteop?gyﬁc and the atrophic.
Tn the osteophytic the cranial bones present localized and symmetrical
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thickenings (Parrot’s nodes) in the region of the frontal and parietal
eminences (the natiform or hot-cross-bun-like skull), and the long
bones subperiosteal enlargements. In the afrophic the cranial
bones, especially in the oceipital region, are thinned or locally
absorbed, so that the brain is only covered at these spots by a
thin membrane (osteoporosis, cranivtabes), and the long bones are
enlarged at their epiphyses by the production of ill-formed bone
and the absorption of the normal bone. These lesions are usually
transitory, and generally give rise to little inconvenience ; but at
times separation of the epiphysis may occur, with inflammation of
the neighbouring joint; and when several bones are affected, the
child may be so chary of movement on account of the pain it causes
that infantile paralysis may be simulated.

Treatment.—In the early stages mercury generally acts like a
charm. It is best administered as an inunction by putting half a
drachm of blue ointment on the binder of the child and allowing it
to be thus rubbed into the skin. Or it may be given in the form of
mercury and chalk in doses of from half to one grain, but is then
apt to cause diarrhcea. Mercury, however, should be given with
caution if there is much marasmus, and discontinued as soon as the
symptoms have cleared up, lest mercurial stomatitis be induced and
the permanent teeth suffer in consequence (Fig. 10). The child
should be well and carefully fed during the mercurial course, and
small doses of cod-liver oil may often be taken with advantage. If
the mother is unable to suckle the infant it must be brought up by
hand, not by a wet nurse, for fear of her nipple becoming affected
with a primary chancre, a danger the mother herself does not run,
even although she has exhibited no signs of syphilis. This inability
of an infant with inherited syphilis to infect its mother (known as
Colles’ law) was formerly thought to be a proof that the mother had
suffered from syphilis whilst the foetus was in utero. In some
instances this has no doubt been the case, But in other instances
she has shown no sign of syphilis during gestation, and there has
been reliable evidence that she had not had the disease previously.
The explanation offered by the followers of M. Pasteur is that the
syphilis of the footus has protected the mother.

In the later stages of congenital syphilis, as in those of the
acquired form, iodide of potassium is indicated, and may frequently
be advantageously combined with small doses of mercury, where the
later leslnns: as 18 too often the case, prove intractable. Lastly,
should syphilis be suspected in either of the parents during the
period of gestation, mercury should be administered to the mother ;
whilst a caution should be given to both parents after the birth of a
sy philitic infant for the sake of any future offspring.
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HEMOPHILIA,

ILEMoPHILIA, or the hemorrhagic diathesis, is a condition in
which bleeding is prone to occur spontaneously or on the slightest
provocation, and is very difficult to arrest. The cause is unknown.
The affection, however, appears to be hereditary ; it often occurs in
members of the same family, and nearly always in the males,
although it is almost invariably transmitted through the female
line. The pathology of the disease is obscure, but the arteries have
been found thin, the left ventricle hypertrophied, and the different
torms of leucocytes in the blood relatively altered in number. The
bleeding may be started by the most trifling injury, such as a mere
scratch of the finger, the extraction of a tooth, or a bite of the lip
or tongue. Or it may occur spontaneously, when it is sometimes
preceded by flushings of the face and throbbing of the arteries, and
then commonly takes the form of epistaxis, or of extravasations
beneath the skin, or of bleeding from the gums or intestines, or of
effusion into a joint. When the result of a traumatism, the blood,
except alarge artery is wounded, oozes from the injured surface in a
steady, continuous, and uncontrollable stream. The bleeding may
last for weeks and then cease spontaneously, leaving the patient in
an anemic condition, from which, however, he may speedily
recover; orit may terminate fatally. Successive attacksare common
at varying intervals, and to one of these the patient generally
succumbs.  Should, however, he survive the period of puberty,
there is a fair chance of the tendency to bleed decreasing with
advancing years. The treatment consists in placing the patient at
perfect rest in the recumbent position, and in applying a graduated
compress, or tampon of perchloride of iron, and in elevating the part
when the bleeding comes from a limb. Ligature, the actual and
galvanic cautery and acupressure only do harm by increasing the
size of the wound; and cold, in the form of ice, is of doubtful
‘benefit. When the blood comes from a tooth-socket a plug of
perchloride of iron may be applied. Internally, such drugs as
ergotin, acetate of lead, gallic acid, and sclerotic acid, are recom-
mended, but do not appear to have much power in controlling the
bleeding. Calcium chloride (grs. 10 to 15) has been recommended
internally, and as a local styptic, a solution of fibrin ferment to
which calcium chloride has been added (see Styptics, p. 117).
Wright has found that the internal use of chioride of calcium in a
case of heemophilia reduced the coagulation-time from ten to five
seconds,

TUMOURS.

A TUMOUR, as generally understood, is a swelling not depending
upon inflammation or mere hypertrophy of pre-existing tissue, and
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showing no tendency to undergo spontaneous cure or to yield to the
action of medicines, In structure a tumour consists of elements
resembling those of the normal tissues of the body either in the
mature or in the immature state. Thus a tumour may be composed
of bone, cartilage, fat, &ec.; or of cells like those constituting the
epithelium ; or of elements indistinguishable from the rudimentary
tissues found in the embryo. A tumour may resemble and continue
to grow in the tissue in which it originates, merely displucing the
surrounding tissues, as for example, a fatty tumour growing in the
subcutaneous fat. It is then called homelogous. Or a tumour may
originate in one tissue, and retaining the type of that tissue, invade
and replace another, as an epithelioma infiltrating connective tissue,
muscle, or bone ; it is then spoken of as heferologous. Homologous
tumours have generally the structure of the mature tissues of the
body, as fibrous tissue, fat, bone, &e., and are usually innocent.
Heterologous tumours, on the other hand, often consist of cells like
those of a rapidly growing tissue, and are generally malignant. The
more cellular the organization of a tumour the greater, as a rule,
18 its malignancy, although, as pointed out by Mr. Butlin, ¢ tumours
of similar structure differ widely in their power of mischief according
to the part of the body in which they originate.’

Development.——All tumours are believed to arise by the multi-
plication of pre-existing cells, and to retain throughout their
growth the type of the czll from which they spring; hence they
are spoken of as connective-tissue or as epithelial growths, accord-
mg as they originate in the connective tissue or in the epithelium.
Tumours arising in the connective tissue may at first consist
entirely of small round cells, with a scanty amount of intercellular
substance ; that is, they resemble young conmnective tissue. They
may retain this structure throughout their course (sarcoma),
or they may become more highly developed and assume the
structure of the more specialized connective tissues. Thus, fibri-
fication may oceur and the tumour take the form of mature fibrous
tissue (fibroma); or chondrification or ossification may ensue, or
fat be deposited in the cells, and the tumour become indistinguish.-
able in structure from normal cartilage, bone or fat (enchondroma,
osteoma, lipoma). Tumours springing from epithelium not only
retain the character of epithelium, but likewise that of the special
form of epithelium from which they are derived. Thus the
resemble squamous epithelium when derived from the skin, sphe-
roidal epithelium when from a gland.

Cause,—Little is actually known of the etiology of tumours.
Some forms however, appear undoubtedly to be due to local causes,
?11-::,]1 as—1, long-continued irritation ; 2, chronic inflammation ; and
3, Injury ; but whether these conditions are in themselves capable
of producing tumours unless the patient is otherwise in some
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unknown way predisposed to tumour-formation is still perhaps
open to question. The presence in the completely developed tissues
of embryonic remains which from some unexplained cause have
taken on active growth later in life, is also regarded by some
path‘ﬂlagmqs as a cause. 'This view is, however, untenable, so far as
carcinoma 1s concerned, since cancer always begins in highly differ-
entiated epithelium, and never reverts to an embryonic undifferen-
tiated type. Thus a squamous epithelioma often arises in the larynx
from epithelium which, although originally columnar, through irri-
tation has become squamous. The question, however, of greatest
mterest at the present time is that of the infective nature of the
cancers. So far no one has succeeded in inoculating the disease |
from man to animals, nor from animal to animal of the same species,
except by actually grafting a portion of the growth, and no specific |
micro-organisms of the nature of a baeillus or micrococcus have
been discovered by cultivation-experiments. In the epithelial cells
of the carcinomata, however, peculiar bodies have been found, and
are believed by their discoverers to be of the nature of protozoa, and
similar to the psorosperms present in the epithelial cells in cocey-
diosis, a parasitic disease of rabbits. Whether these cancer bodies
are of the nature of protozoa as maintained by their discoverers is
open to dispute. Some of them, at any rate, thus deseribed have
been proved to be degenerations of the epithelial cells or degenera-
tions of the nuclei. The arguments for and against the view of
the parasitic nature of cancer cannot be here discussed. Although
it would appear that no true spores have as yet been demonstrated,
and it has been proved that cancer cannot be inoculated, it is ¥
possible that the parasite, if such exists, may need for its further
development, as do the protozoa of some other parasitic diseases, |
gpecial conditions outside the body of its host. The fact that §
cancer is endemic in certain localities seems to lend some support |
to the idea that it may be of miasmo-parasitic origin. Mr. D’Arcy 3
Power, who has been doing excellent work on this subject, declares 3
himself an unbeliever in any of the cancer bodies which have yet 3
been discovered, and believes his experiments shew that they are &
merely the result of chronic inflammation upon the epithelium. It
may be said indeed that the protozoal view of cancer has now been
generally abandoned. A still more recent view, which is also likely
to disappear soon, connects cancer with certain yeast-forms.
Tumours have further been ascribed to such constitutional causes
as hereditary predisposition, the activity of tissue-growth in early &
life, the slow degeneration of advancing age, and the lessened
resisting power of the tissues that may be occasioned by such
depressing influences as grief, anxiety, or mental strain. Resi-
dence in certain localities is considered by some observers to be a~
predisposing cause of some forms of malignant tumour,
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(Minical course.—Clinically, tumours are spoken of as innocent
and malignant. I. Innocent twmours, as a rule, grow slowly, and
resemble the fully-formed tissues of the body, and usually those
amongst which they grow. They are generally encapsuled, cir-
enmscribed, and freely moveable, merely displacing the tissues
around, not infiltrating them. They do not involve the lymphatic
glands, nor become disseminated in distant organs; neither do they
recur if completely removed. They may, however, attain a large
size and destroy life by pressing upon a vital organ, or in other
ways interfering with its functions. II. Malignant tumours, on the
other hand, grow rapidly, do not resemble the fully-formed tissues
1in structure, and differ markedly in appearance from the tissues in
-which they grow. They are generally non-encapsuled and infiltrate
and replace the surrounding parts, whether these be muscle, fat,
bone, &c., and in consequence become more or less fixed and
adherent. They frequently involve the lymphatic glands, and
become disseminated through the body by means either of the
lymph- or blood-stream. They usually recur after removal, in the
scar, in the corresponding lymphatic glands, or in internal organs,
and sooner or later give rise to a general cacheetic condition known
as the cancerous cachexia. Death is commonly due to exhaustion
caused by the local uleeration, hsemorrhage and pain, combined
with the mental distress, and the general interference with nutrition
induced by the rapid growth of the tumour and its dissemination
through internal organs.

Secondary changes are common in tumours, especially in those of
more rapid growth. Thus a tumour may become inflamed, or may
ulcerate, or undergo fatty, mucoid, colloid, pigmentary, or cal-
careous degeneration; or as the result of these changes, or of
hemorrhage into its substance, cysts, or, more rarely, cireum-
seribed abscesses, may form in its interior; or the whole tumour
may undergo necrosis, and, in exceptional instances, slough away,

Recurrence and dissemination.—Local recurrence is probably the
result of some of the tumour-elements having escaped removal,
and may take place in the scar, or in the tissues immediately
around. Reproduction in the neighbouring lymphatic glands is
believed to be due to the tumour-cells becoming arvested in the
lymph-sinuses ; dissemination in more distant tissues and organs
to the tumour-cells being carried by the blood-stream (which they
may enter either directly, or indirectly by the lymph-channels) to
these parts, where they become lodged, and form starting-points for
secondary growths, Secondary growths, whether in the glands, or
elsewhere, resemble in structure the primary tumonur,

(lassification.—Tumours are here classified according to their
anatomical structure. Thus, they may be divided into :—

i; Connective-tissue tumours, which are such as spring from the

y F
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connective tissue. These may be subdivided into:—A. Those of
the type of fully-formed connective tissue, i.e., fibrous, fatty,
cartilaginous, osseous, and mucous tissue : (1) Fibroma, (2) Lipoma,
(3) Enchondroma, (4) Osteoma, (5) Myzoma, and (6) Papilloma,
B. Those of the type of the higher complex connective tissues, i.e.,
muscle, nerve, blood-vessels, lymphatic vessels, and lymphatic
glands : (1) Myoma, (2) Neuroma, (8) Angioma, (4) Lymphangioma,
and (3) Lymphadenome. C, Those of-the type of young connectiv
ussue: (1) Round-celled sarcoma, (2) Spindle-celled sarcoma, (3) Giant-
celled or Myeloid sarcoma.

IT. Epitheliul and glandular $wmours, which are such as are mainly
composed of cells like epithelium. They are divided into:—A. Th
lnnocent: (1) Adenoma; and B. The malignant: (1) Spheroidal-
celled carcinoma; (a) Hard or Scirrhous carcinoma; (b) Soft or
Fncephaloid carcinoma; and (¢} Colloid carcinoma. (2) Squamous-
celled carcinoma (epithelioma), and (3) Columnar-celled or cylindrical
carcinoma.

ITI. Teratoma, a rare form of tumour, containing bone, hair,
teeth, or fragments of the viscera of a suppressed feetus.

I. CONNECTIVE-TISSUE TUMOURS.

A. Twmours of the type of fully-formed connective tissues.

FIBROMATA OR FIBROUS TUMOURS consist of fibrous tissue, which
may vary in density from the firmness of a tendon or ligament to
the soft consistency of the subcutaneous tissue. They are quite
innocent, grow slowly, do not return if completely removed, and
are usually surrounded by a distinet capsule.

Structure.—T'he firmer varieties (Fig. 11) consist of dense fibrous
tissue intermixed with but few elastic fibres and connective-tissue
corpuscles. The fibres, as a rule, are variously interlaced without
definite arrangement, though in some fibromata they form concen-
tric circles around the blood-vessels. On section they appear firm,
smooth, and glistening, and of a greyish-white colour. The vessels
are usually small, thin-walled, and not numerous, though certain
of the fibromata (nase-pharyngeal polypi) are very vascular, and are
permeated by large cavernous blood-spaces. The softer varieties,
formerly called fibro-cellular tumours, consist of loose succulent
fibrous tissue, and often contain large and numerous blood-vessels.
On section they appear yellowish, glistening, semi-transparent,
and gelatinous, and a serous fluid can be squeezed out from the
cut surface. ; _

Secondary changes.—Caleification,ulceration,and mucoid softening.

Usual seats,—Fibromata may grow from the connective tissue
anywhere, but the harder forms are chiefly met with in the peri-



TUMOURS, 67

osteum, especially that of the jaws ( fibrous epulis), in the uterus,
where they are intermixed with unstriped muscle (myo-fibroma),
in the neurilemma of nerves ( fulse neuroma), on the termination of
nerves ( painful subcufaneous twmour), and 1n the naso-pharynx and
rectum ( fibrous polypus). The softer forms grow from the sub-
eutaneous and submucous tissue, and the intermuscular septa, and
are most frequently met with in the serotum, labium, and scalp.
The loose textured, large and-often pendulous growths, oceurring
in the subcutancous tissue, and known as wens, and the small,
gessile, or partially-pedunculated tumours scattered over the body
in the condition known as molluscum fibrosum, are varieties of soft
fibromata.

The signs and diagnosis of fibromata vary according to their
situation, and will be again referred to under the diseases of the

Fie. 11.—Fibrous tumour, Firm variety, Fra. 12,—Fatty tumour

various regions in which they occur. The firm fibromata are
usually oval or globular, smooth, painless unless attached to a
nerve, moveable, very firm and hard, and generally single. The
Bﬂft&l: forms are smooth, globular, elastic, soft and painless,
especially when growing about the scrotum or labium; doughy,
non-elastic, moveable, pendulous, and fleshy when ocecurring as
wens,

T'reatment.—When practicable they should be removed.

LIPoMATA OR FATTY TUMOURS are composed of fat like that
normally found in the body. They are innocent, and grow slowly,
but may attain a large size, and do not return on removal, They
are most common in adult life,

Structure.—They consist of masses of fat bound together by
delicate connective tissue and blood-vessels, and are surrnumlaci,
as a rule, by a thin capsule, which is attached by fibrous septa to
'the skin. The microscopical characters are seen in Fig. 12,
¥ 2
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Secondary changes,—Mucoid softening, inflammation with adhesion
from pressure, and, very occasionally, ulceration and calcification,
Usual seats,—They are most common on the shoulders, back, and
nates, where they have been attributed to irritation or pressure, as
by the braces, the sifting posture, &e.
Signs and diagnosis.,—They form ecircumseribed, lobulated, semi-
fluctuating, painless, soft, inelastic tumours, generally single, but
occasionally multiple. They may be distingunished from a chronie
abscess, a bursa or a cyst, the swellings for which they are perhaps
most likely to be mistaken, by the edge slipping from under the
fingers when the side of the tumour is pressed upon, by the
dimpling of the skin when pinched up between the thumb and
fingers, and by the non-escape of fluid on puncture with a grooved
needle. They sometimes, when gravity favours it, shift their site
by slipping down in the connective tissue. This is most common
in the spermatic cord, a lipoma there having a tendency to sink
down into the scrotum. A diffuse variety of lipoma is sometimes
met with in the form of symmetrical masses of fat at the back of
the neck and below the chin. This variety is mostly seen in stout
men above middle age, and especially in those who are addicted to
alcohol.
Treatment. — The capsule should be freely opened, when the
tumour will usually readily shell out. The diffuse form sho
be left alone; for such, liquor potasse in small doses for long
periods may be tried. T have certainly seen these tumours gef
smaller under its use.
ENCHONDROMATA, OR CARTILAGINOUS TUMOURS consist of car-
tilage, and are always innocent, grow slowly, and do not returr
~ onremoval. Cartilage, however

is frequently developed in sarco
matous tumours, and it is pro
bable that the malignancy which
enchondromata have at times ap=
parently exhibited may have been
due to the presence of sarcoma
elements which were overlooked.
Structure,— Cartilaginous tu-
mours are encapsuled, and, when
large, are often lobulated. They
may consist of a single mass ol
Fie. 13.—Cartilaginous tumour.  cartilage, without visible parti
Upper half hyaline ; lower half fibrous. tions, or of numerous small cluss
tered masses bound together by

connective tissue and blood-vessels, On section they ave translu=
cent, bluish-grey, pinkish-white, homogeneous or coarsely granular; ,
and frequently mapped out into irregular lobules. They usually
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consist of hyaline or fibro-cartilage. The microscopical characters
of typical examples of the hyaline and fibrous varieties are seen in
Fig. 13.

gecﬂndﬂ.ry changes.—Calcification, ossification, mucoid softening
with formation of cysts, and ulceration.

Usual seats,—The bones, especially the phalanges of the fingers
and sometimes of the toes, the lower end of the femur, and the
head of the tibia and humerus. Tumours containing cartilage also
occur in the parotid gland and testicle, but these tumours are
generally chondrifying sarcomata, not pure enchondromata.

The signs and diagnosis will be given under Tumours of Bone.
Here only need it be said, that their chief characteristics are their
extreme hardness, smooth or lobulated surface, and slow and pain-
less growth. They are usually single, except in the hands, where
generally several fingers are affected. At times they are of a softer
consistency in places owing to mucoid softening, and at times of
rapid growth, butin the latter case it is probable that they contain
sarcomatous elements. Although they may occur at any age, they
are most common in the young.

T'reatment. — They should be removed, where possible, by
enucleation.

OSTEOMATA OR OSSEOUS GROWTHS consist of true bone. They
very rarely occur except in connection with bone or cartilage, and
will again be referred to under
Diseases of Bone. Those growing
in connective tissue apart from
bone are probably other tumours,
or structures such as cysts, ten-
dons, and muscles, that have
undergone calcification or ossifi-
eation.

MYXoMATA OR MUCOUS TU-
MOURS consist of tissue resem-
bling that found in the umbilical
cord and vitreous humour of the
eye; but many of the growths
that were formerly claimed as myxomata would appear to be fibro-
mata, sarcomata or enchondromata undergoing mucoid softening.
Pure myxomata are innocent tumours and do not rveturn if
completely removed, but they may attain a large size,

Structure.—They consist of a soft gelatinous semi-translucent
material, enclosed in a loose capsule of connective tissue, and inter-
sected by bands of fibrous tissue, On section, they are of a pinkish
or yellowish-grey colour, and of a soft gelatinous consistency,
often almost diffluent ; whilst a tenacious and glairy fluid containing
large quantities of mucin oozes away from the cut surface. Under

Fra. 14.—Myxomatous tumour.
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the microscope there are seen round and spindle cells and stellate
cells with branching processes, the processes forming a delicate
stroma in the meshes of which the homogeneous, gelatinous basis-
substance is contained (Fig. 14). The round and spindle cells vary
in n}lmber, and are not shown in the diagram. Fibrous tissue, fat,
cartllaga, and sometimes adenomatous and sarcomatous elements
may likewise be present; but it is questionable in these cases
whether the tumour should not be regarded as a soft fibroma, lipoma,
enchondroma, sarcoma, &c., undergoing mucoid degeneration,

Secondary changes—Fatty degeneration, inflammation, uleceration,
and the formation of blood-cysts owing to rupture of the capillary
vessels,

Usual seats.—They are most often found in the nose, where they
constitute the gelatinouspolypus. They are also found in the adipose,
subcutaneous, submucous, and subserous tissue, and occasionally
in the periosteum and medulla of bone and neurilemma of nerves,

Signs.—Except when forming polypi, as in the nose, they resemble
fatty and soft fibrous tumours, from which they cannot be diagnosed
with certainty. The so-called gelatinous or mucous polypus will
again be referred to under Diseases of the Nose.

Treatment.— Removal where practicable,

PAPILLOMATA or WARTY and VILLOUS TUMOURS resemble in
structure the papillee of the skin and mucous membrane. They
include warts, condylomata, and mucous tubercles, and some forms
of so-called villous tumours. They are innocent growths, rarely
attain a large size, and only occur in the skin and mucous membrane,
In old people, however, warty growths are apt to become epithe-
liomata, i.e., the surface epithelium grows into the depth of the
papillze and becomes cancerous; and villous growthsin the bladder may
destroy life by the hsemorrhage to which they frequently give rise.

Structure.—They all agree in that they resemble hypertrophied
gimple or compound papillee. Thus, they consist of several layers
of connective tissue surrounding one or more central blood-vessels,
and are covered by one or more layers of epithelium resembling
that natural to the part from which they spring. The epithelium
however, never penetrates the conneective tissue—a point that serves
to distinguish them pathologically from epithelioma, which in many
respects they resemble in structure. The warts and warty growths,
which form circumseribed tumours or cauliflower-like masses often
of considerable size, consist of enlarged papillze covered with several
layers of horny epithelium, and contain, as a rule, only a few small
blood-vessels. The condylomata and mucous fubercles, which oceur
as flattened elevations of the skin and mucous membrane respec-
tively, also consist of enlarged papille, but the epithelium covering
them is moist and sodden, and the connective tissue, as might be
expected from their rapid growth, is abundantly infiltrated with
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small round cells. They are always the result of syphilis. The
willous tumours, which form delicate branching growths resembling
the villi of the chorion, are also classed by some pathologists as
papillomata, even when they grow from parts as the interior of the
bladder where it is stated no papillee normally exist. In such
situations they spring from the sub-epithelial connective tissue, and
owe their papillary shape to the arrangement of the connective
tissue and epithelium around the blood-vessels. The latter are often
dilated and numerous, and frequently give way, leading to serious
heemorrhages. The epithelium covering them forms a delicate
layer, and may often be rubbed off or washed away by the urine.

Usual seats.—Papillomata in the form of warts and warty growths
are of most frequent occurrence in the skin, especially of the hands
and genital organs, and in the larynx. As condylomata and
mucous tubercles, they occur about the anus and genitals, and on
the mucous membrane of the mouth and throat. The villous
growths are met with in the bladder, rectum, and larynx.

Secondary changes.—Pigmentation, ulceration, and atrophy. As
age advances, the epithelium in the case of the warty growths is
hable to invade the underlying connective tissue, the papilloma
being thus converted into an epithelioma.

The signs, diagnosis, and treatment of the different varieties of
papillomata are given under the heads of skin, syphilis, bladder,
rectum, and larynx. All that need be said here is that warty
growths, especially in some situations, as about the genitals, may
greatly resemble epithelioma, from which, however, they may
generally be distinguished by the absence of induration at their
h:_lae, slower growth, non-implication of the glands, the probable
history of venereal disease, and by their occurrence usually at an
age younger than that at which epithelioma is commonly met with,

B. Twmours of the type of the higher connective tissues.

The myomata or muscle tumours consisting of non-striated or even
of striated muscular fibres ; the newromata consisting of true nervous
tissue, either the grey or the white; the angiomata, or nwevi: the
lymphangiomata consisting of dilated lymphaties, and the lympho-
mata and lymphadenomata consisting of lymphatic glandular tissue,
will receive no further attention here (see Neewi, Diseases of Nerves
and Lymphatics). Unstriped muscle tissue, it may be said, how-
ever, 18 irequently found in the so-called fibroid tumours (migo-
ﬁbmmumj_ﬂf the uterus, of which, indeed, it often forms the chief
part. It is also found in the chronically enlarged prostate.

C. Twmours of the type of young connective tissue. (Sarcomata.)

. SARCOMATA constitute a group of tumours resembling in structure
immature connective tissue, They include the fibro-nucleated,
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fibro-plastic, myeloid, and recurrent fibroid tumours, and many of
the so-called cancers of the older pathologists. Normal cellular
connective tissue in the course of development may become fibrous
tissue, cartilage, bone, &e. The sarcomata may, however, retain
the structure of young conmective tissue throughout their life-
history ; and although in places, and indeed, in some instances in
the greater part of the tumour, development may proceed, as in the
normal growth of the body, to the formation of fibrous tissue, car-
tilage, or bone, yet the circumferential or growing parts of the
tumour will always be found to consist of sarcoma elements,
Hence the importance of examining a growing part lest a sarcoma
which has undergone chondrification, ossification, &e., be pro-
nounced a eartilaginous or osseous tumour. The sarcomata present
the most diverse characters, both as regards their structure and their
clinical behaviour, but have the following in common :—1. The
cells of which they are composed consist of masses of protoplasm
without distinet cell-wall, and contain one or more nuclei. 2. Each
cell is surrounded by a varying amount of intercellular substance
which has no definite arrangement, and does not form alveolar
spaces as in carcinoma. 3. The blood-vessels have very thin walls,
and ramify among the cells, not in the stroma as in carcinoma ;
indeed, they are often mere spaces bounded by the cells themselves;
hence the frequency with which hsemorrhages oceur in the substance
of the growth. 4. Dissemination usually takes place by the blood-
vessels (not by the lymphatics, as in carcinoma), a fact which may
probably be explained by the above-mentioned relation of the
vessels to the cells. 5. The secondary growths, when dissemination
occurs, are, as a rule, like the primary, and are most frequent in
the lungs. 6. Sarcomata grow by invading the surrounding tissus,
and generally return locally after removal, probably because some
portion of infiltrated tissue has been left. 7. They do not, as a
rule, affect the lymphatic glands, except when they occur as
primary tumours in such glands, orinvade glands from surrounding
parts, or when they grow from the periosteum, or in the testis and
tonsil, when implication of the glands is the rule rather than the
exception. 8. They are of most frequent occurrence in youth and
early middle life. 9. Their cut section, when fresh, does not yield
a milky juice like that obtained on scraping a carcinoma.

In their simplest form sarcomata consist of small round cells
resembling, but very distinet from, leucocytes, embedded in a
scanty amount of homogeneous intercellular substance traversed by
delicate loops of capillary vessels; in fact they so closely resemble
the granulation-tissue of inflammation as to be often microscopically
indistinguishable from it. In the higher forms the cells become
elongated and of a spindle shape, and the intercellular substance
may show an attempt at fibrillation ; or fibrification, chondrification
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or ossification may ensue, and indeed in some instances may proceed
to such an extent that the whole tumour appears composed of
fibrous tissue, cartilage, or bone, and it may only be at the growing
edge that the sarcomatous elements are discoverable. Notwith-
standing such changes the tumour will continue to display its
malignancy in that it still invades the surrounding tissues, or
becomes disseminated through internal organs. Sarcomata that
have thus undergone ossification are often spoken of as ossifiying
sarcomata. Ossification, however, is seldom met with except in
sarcomata in connection with bone, and although it may then occur
in all varieties, is most common in the spindle-celled and mixed
forms. The new bone-spicula usnally grow into the tumour at right
angles to the shaft of the bone, and are surrounded by sarcoma
tissue; whereas in the true osteomata the bone-spicula are parallel
to the shaft, and are surrounded by cartilage or periosteum.

Sarcomata may be divided into four chief groups (a) the round-
celled, (b) the spindle-celled, (¢) the giant-
celled or myeloid, and (d) the miwed-celled,

(¢) The ROUND-CELLED SARCOMATA
usually ocour as soft vascular and very
rapidly-growing tumours, and often attain
a large size, and quickly become dissemi-
nated through distant parts of the body
and through internal organs.

Structure.—They consist of round ecells, Fie. 15.—Round-celled
varying in size in different tumours, and sarcoma.
embedded in a small amount of granular
or homogeneous intercellular substance. On section they appear
soft and vascular, resembling brain matter., Hence the term
encephaloid or medullary which is sometimes applied to them. Tt
was this variety of sarcoma that was formerly called encephaloid
cancer. The microscopical appearance of a typical specimen is
shown in Fig. 15,

Secondary changes,—They may undergo mucoid softening, fatty
degeneration or ulceration, or blood may be extravasated in their
substance, leading to the formation of cysts (sarcomatous blood-cysts).

Usual seats.—Wherever fibrous tissue exists: but they are most
common in the periosteum, bone, skin, subcutaneous tissue and
testicle.

Varieties of round-celled sarcoma.—1. The glio-sarcoma, which
grows in the connective tissue of the brain and nerves, and has a
matrix like that of the neuroglia of nerve-centres. It occurs most
frequently in the retina and brain. 2. The lympho-sarcoma, which
growsin the lymphatic glands. Tt consists of a reticulum resembling
Iymphoid tissue, and of small round cells usually of the size of
Iymphocytes. 3. The psammoma, a very rare form which occurs in
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the pineal ]:';udy and orbit, and has been met with in the meninges
and ovary, is by some pathologists classed with the endotheliomata.
It contains varying amounts of calcareous matter, 4. The
alveolar sarcoma, in which the matrix forms a net-work enclosing
each cell in a separate space or alveolus. 5. The melanotic sarcoma,
which contains pigment both in the cells and intercellular substance,
Its favourite seat is in the skin and the choroid coat of the eye—
i.e., In the situations where pigment normally exists. It becomes
rapidly disseminated through the body, the secondary growths
being generally also pigmented. It is the most malignant of the
sarcomata, and was formerly known as melanotic cancer. The cells
are sometimes spindle-shaped instead of round. It differs from
the pigmented wart, in that the latter is firm, often pedunculated
or lobulated, and of slow growth. ;

The signs of round-celled sarcomata vary so much according to
the tissue implicated that only the briefest outline of their general
course can be here given. They will more especially be referred
to under bone, testicle, and breast. Here it may suffice to say that
they exhibit all the signs of malignancy. Thus they grow rapidly,
invade the surrounding tissues, the veins over them hecome
enlarged, and the skin as they approach it becomes inflamed, and
finally gives way, and an ulcerating chasm is left or a fungus
protrudes. The health and strength fail, eachexia sets in, evidence
of dissemination of the disease in other tissues or in internal organs
may be manifested, and death soon ensues.

Diagnosis.—1t 1s often very difficult to diagnose a sarcoma,
especially of bone, from the inflammatory affections. The his-
tory of the case, the unequal consistency of the tumour, which
may be hard in places, soft in others, the irregularity of its shape,
the absence of pus on puncture with a grooved needle, and the
progressive loss of weight and strength point to its sarcomatous
nature ; but an incision info it will sometimes be necessary to clear
up the doubt. The rapid growth and dark colour of a melanotic
sarcoma are distinctive.

T'reatment.—The only effectual treatment is removal. When the
tumour is situated in one of the extremities amputation well above
the disease should be practised ; when on the trunk it should, where
practicable, be dissected out, cutting as wide of the disease as possible.

(b) Tie sPINDLE-CELLED (Fig, 16) are the most common of the
sarcomata, and are composed of spindle-shaped cells, varying in size,
and containing one or more nuclei. The cells, in some instances,
are arranged concentrically around the blood-vessels, orin bands; or
again, in other instances, appear to have no definite arrangement.
Spindle-celled sarcomata are subdivided according to the size of their
cells into the small-spindle-celled and large-spindle-celled varety.

The small-spindle-celled sarcomata are firmer and less rapid in
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their growth than the round-celled or large-spindle-celled forms ;
they do not become so quickly disseminated in internal organs,
and are therefore less malignant. They generally recur locally
when removed ; but after many recurrences, their tendency to
return may at length cease, or they may, on the other hand,
assume a more malignant form and become disseminated.
Structure.—~They consist of small spindle cells containing usually
a single nucleus; the cells are embedded in a small amount of
homogeneous intercellular substance, which at times is somewhat
fibrillated. They may at first be enclosed by a capsule, but
later infiltrate the surrounding parts. They appear as smooth
firmish growths, pinkish-white, semi-translucent, and fibrillated
on section, Their microscopical appearance is seen in Fig. 16.
Secondary changes. — Fibrification, chondrification, caleification,

Fia. 16.—Spindled-celled Fis. 17.—Myeloid

BATCOI . BATCOTA.

ossification, and, when implicating the skin, ulceration. Usual
seats,— Periosteum, fascise, and subeutaneous tissue.

The large-spindle-celled sarcomata are much softer than the
preceding variety, and often grow rapidly, and quickly become
disseminated ; indeed, they may be as malignant as the round-
celled growths. Structure.—They consist of large spindle cells,
which frequently contain several oval nuclei, embedded in a scanty
amount of intercellular substance. They occur as non-encapsuled
tumours of soft consistency, frequently in parts diffluent, and on
section appear of a pinkish-white colour, and often blotched with
blood. Secondary chunges—Fatty degeneration, blood-extravasa.-
tion with the formation of blood-cysts, and uleceration. Usual
seats.—The intermuscular fascime, periosteum, and breast.

Signs and diugnosis.—The small-spindle-celled sarcomata, when
occurring in the fascis and subcutaneous tissue, appear as mode-
rately firm, or at times as softer growths, unattended with signs of
mflammation unless involying the skin. They recur in situ after
removal, but do not as a rule become disseminated. The large-
spindle-celled forms resemble the round-celled, from which they
cannot be distinguished before removal. Both varieties are more
especially referred to under Diseases of Bone.
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Treatment.—The small-spindle-celled variety should, where
practicable, be freely and widely removed. The treatment of
the large-spindle-celled is like that of the round-celled,

(¢) THE GIANT-CELLED or MYELOID SARCOMATA most frequently
occur in connection with bone, and are the least malignant of
the sarcomata. It has been recently asserted that they are only
met with in the red marrow of bone, and are not malignant.
Dr. Kanthack has seen them, however, where there is yellow
marrow or no marrow at all, as in the skin, breast and elsewhere.
They are usually of slow growth, especially when occurring in
the interior of the long bones, and after removal seldom recur:
if:hey ave said, however, to have been followed by malignant
orms.

Structure.—They consist of spindle or round cells, amongst
which are found large irregularly-shaped masses of protoplasm,
containing often as many as thirty or forty oval, highly refracting,
distinet nueclel. These masses of nucleated protoplasm are known as
giant or myeloid cells, because they somewhat resemble those found
in the marrow of the feetus. The real prototype, however, is the
giant cell of the connective tissue. The microscopic appearance is
seen in Fig. 17. Myeloid sarcomata vary from a firm or fleshy to
a soft or jelly-like consistency, and are neither elastic nor tough.
On section they appear uniformly smooth, succulent, shining,
semi-translucent, but not fibrillated, of a livid erimson or maroon
colour not unlike the muscular tissue of the mammalian heart, and
often blotched with brighter patches of pink or darker red, due to
blood-extravasation.

Secondary changes.—Chondrification sometimes occurs, but ossifi-
cation is rare. Blood-cysts are very common, from the giving way
of some of the numerous thin-walled vessels.

Usual seats.—In the interior of the ends of the long bones,
especially the lower end of the femur and upper end of the tibia,
and in the upper and lower jaw.

Signs, diagnosis, and treatment.—See Sarcoma of Bone, +

(d) THE MIXED-CELLED.—Many sarcomatous tumours consist
of both spindle and round cells, They may resemble either the
spindle-celled or the round-celled tumours, and cannot be distin-
guished without a microscopical examination. ;

Sarcomatous blood-cysts,—Soft sarcomatous tumours sometimes
become completely broken down by extravasation of blood into
their substance, and converted into cysts containing partly fluid
and partly coagulated blood. When such a cyst is 1?uncturﬂd, the
hsemorrhage is often difficult to control. When cut into, the walls
are generally found ill-defined, and it may be impossible to dis-
tinguish the cyst from a hwmatoma or ordinary blood-cyst without
a microscopical examination of a piece of the wall.
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II. EPITHELIAL AND GLANDULAR TUMOURS, OR TUMOURS OF
THE TYPE OF EPITHELIATL TISSUES.

These may be divided into the innocent and the malignant.

(a) The innocent.

ADENOMATA or GLANDULAR TUMOURS are innocent growths
resembling secreting glands in structure, and only grow in con-
nection with pre-existing glandular tissue. They are divided into
the acinous and tubular, accord-
ing as they resemble one or other
of these glands. The acinous
variety consists of acini, lined
with spheroidal epithelium, and
communicating with each other
by duct-like channels. The acini
are clustered in twos, threes, or
more, and are separated and
bound together by connective
tissue, in which the wvessels
ramify, Pure adenomata are
rare, the scanty amount of inter-
- tubular and interacinous con- Fia. 18.—Adenomatous tumour.
nective tissue in such being
more often replaced by fibrous tissue (adeno-fibroma), or by
mucous tissue (adeno-myxoma), or by sarcomatous elements (adeno-
sarcomata), or by a combination of two or more of the above tissues
(adeno-fibro-sarcomea, adeno-myxo-sarcoma) ; whilst at times the acini
or ducts become dilated into cysts, in which proliferating growths
(intracystic growths) may project. The tumour is then spoken of
as an adeno-cystoma, cysto-sarcoma, &e., according to the character
of the intertubular and interacinous connective tissue. The micro-
scopical appearance of an adenoma is shown in Fig. 18.

The tubular adenomata resemble the tubular glands, the epithe-
lium of this variety differing from that of the acinous in being
more or less columnar. They are most common in the mucous
membrane of the intestine, where they form papillary or polypoid
growths.

Both varieties are distinguished from carcinoma, in that the
epithelinm does not penetrate the basement membrane and invade
the connective tissue.

Usual seats,—The acinous occur in the mamma (where they are
generally of the adeno-fibromatous form), the base of the tongue,
the lip, the prostate, the thyroid, parotid, and lachrymal glands,
and the sebaceous glands of the skin, The tubular occur in the
intestine, especially the rectum.
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Secondury changes.—Cystic degeneration consequent upon mucoid
softening, and fatty degeneration of the epithelium.,

Stgns, diagnosis, and treatment.—See Diseases of the Breast,
Rectum, &e.

(b) The malignant,

CARCINOMATA, or CANCERS, are malignant growths consisting of
epithelial cells contained in an alveolar stroma. The individual
cells are mnot surrounded by any intercellular substance, as in
the sarcomata, and the vessels run in the stroma, and not among
the cells, They are derived from pre-existing epithelium. The
epithelium is believed to proliferate and break through the wall
of an acinus or duct, or the basement membrane of the skin or
mucous membrane, and invade the surrounding or underlying
connective tissue, where it is supposed to enter the lymphatic
spaces, and thence, sooner or later, pass into the lymphatic vessels,
and so finally become disseminated. The cells in carcinoma, though
varying in their character, retain within certain limits the type of
the epithelium from which they spring. Thus, they are more or
less squamous when derived from the skin, squamous or columnar
when derived from a mucous membrane, according to the character
of the epithelium normally covering it, spheroidal when derived
from a gland. The cells have recently been very minutely
investigated by means of new methods of staining, and peculiar
bodies, believed by some pathologists to be of the nature of parasites
or protozoa, have been noted. These bodies, however, by other
observers are held to be nothing more than phases of cell-degene-
ration depending upon chronic irritation or other causes. The
alveoli in which the cells are contained are by many regarded as
the lymphatic spaces natural to the affected tissue dilated by the
invading epithelium, but this view is probably incorrect. The
stroma surrounding the alveolar spaces at first consists of the con-
nective or other tissue of the invaded parts, infiltrated more or

less with small round cells. This small-cell-infiltration is aseribed

to the irritation of the epithelial invasion, and from it is believed
to be later derived the fibrous tissue constituting the dense stroma
of some forms of carcinoma.

The blood-vessels, which run in the stroma, are numerous in
the more rapidly-growing tumours, and especially in the circum-
ferential parts, but are much fewer in number in the more chronic
forms, and in the central parts of the latter may be obliterated by
the growth of the fibrous tissue. Hence the frequency with which
fatty degeneration of the cells, and breaking down (ulcerativn) of
older parts of the tumour occur. In the softer or rapidly-growing
forms, in which the stroma is scanty and the support that the
vessels receive from it consequently but slight, heemorrhages are
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frequent. Carcinomata have no capsules, grow by cell-division and
continued invasion of the surrounding tissues, and, sooner or later,
break down and ulcerate. They implicate the nearest lymphatic
glands, and finally become disseminated. At first the general
health iz usually but little affected ; but later, partly owing to the
local ulceration and partly owing to the dissemination of the
growth, a condition known as cancerous cachexia sets in, the skin
becoming sallow and of a peculiar earthy colour, the face careworn
and anxious, and the body emaciated. The strength failg, and the
patient at length dies of exhaustion induced by the general inter-
ference with nutrition, local uleeration, hsemorrhages, pain and
mental anxiety.

VARIETIES OF CARCINOMA.—The carcinomata are divided into
three great classes:—(1) T'he spheroidal-celled ; (2) the squamous-
celled (epitheliomata); and (3) the
columnar-celled or the adenoid or
glandular carcinomate. The sphe-
roidal-celled are further divided on
clinical, rather than on pathological,
grounds into (a) the hard spheroidal-
celled, (b) the soft spheroidal-celled,
and (c) the colloid variety, which is
probably a degenerated condition of
one or other of the former, or indeed
of any variety of carcinoma, except
the squamous-celled (epithelioma).

1. THE SPHEROIDAL-CELLED or
ACINOUS CARCINOMATA consist of Fie. 19.—Hard spheroidal-celled
epithelial cells resembling spheroidal or scirrhous carcinoma.
or glandular epithelium, and only
grow in connection with glands. They usually exhibit the
characteristic alveolar structure of the carcinomata in a well-marked
degree. They are divided into the hard spheroidal-celled, the soft
spheroidal-celled, and the colloid varieties.

(@) The hard spheroidal-celled carcinomata, the scirrhous or chronic
CATCETS, aTe m{}demte—si?.ed, hard, nodular, and comparatively slowly-
growing tumours, which, sooner or later, ulcerate and become
disseminated through the body.

Structure.—They are characterized by the large amount of their
stroma (Fig. 19). Indeed, the central parts of the growth, in some
cases, consist of little else than dense fibrous tissue, with a few

‘atrophied and fatty-looking cells in the shrunken alveol;. The

circumferential parts of such tumours, however, still display the
typical characters of acinous carcinoma, and in the surrounding
tissues the epithelial invasion and the small-cell-infiltration are
still going on. It is owing to the excessive formation of fibrous
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tissue that the scirrhous cancer is so hard, and creaks under the
knife when cut; and to the tendency of the fibrous tissue to shrink,
that the skin over the tumour becomes puckered and the nipple in
the case of the mamma retracted, and that the eut surface of the
tumour becomes concave. :

Usual seats.—The breast ; but scirrhous eancer also occurs in the
pylorus, and more rarely, in other situations. The general appear-
ance of scirrhous cancer, the symptoms, diagnosis, varieties and
tl-eitment, are given under Diseases of the Breast, its favourite
seat.

() The soft spheroidal-celled carcinomata, the medullary, encepha-
loid or acute cancers, are much more rapid in their growth than
the preceding variety, and form soft and often large tumours,
quickly terminating in ulceration
and general dissemination through
the body. Structure.—The stroma
is scanty in amount (Fig. 20), and
does not contract like that of scir-
. rhous; the cells, which are very

3 : prone to undergo fatty degeneration,
) are contained in large alveoli. These
=7 @% cancers are very vascular, and as
o ! C‘ﬁ'/_\ the scanty stroma affords but little
R ™ support to the wvessels, extensive
m' : hsemorrhages into the substance of
Fic. 20.—Soft spheroidal-celled the growthare common. On section,
or medullary carcinoma. they appear of a greyish-white or
cream colour, blotchedin places with
blood, whilst in the centre they may be almost diffluent, consequent
upon their having undergone fatty degeneration. On account of
the resemblance to brain-matter the older pathologists termed them
encephaloid cancers, After they have involved the skin, they pro-
trude in the form of a bleeding fungating mass, and hence were
further called fungus hematodes. Although in accordance with
general usage the spheroidal-celled carcinomata are divided into
hard and soft, it should be understood that histologically no hard-
and-fast line can be drawn between them, as the characters of
the one often merge into those of the other, so that sometimes it
may be difficult to decide whether an individual spheroidal-celled
carcinoma should be classed as hard or soft.

Usual seats.—The testis, liver, bladder, kidney, ovary, and breast.
Secondary growths in internal organs consequent upon the dissemi-
nation of scirrhous cancer are often of the soft vanety. .

(¢) Colloid, or gelatiniform, carcinomata.—These terms are applied
to either of the above described varieties, or indeed to any form of
carcinoma, which has undergone mucoid or colloid degeneration. It
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' is believed that the degeneration generally begins in the cells which,
as they become enlarged, so distend the alveoli that the latter can
be seen by the naked eye. The colloid material is glistening, semi-
| translucent, and jelly-like, or in places diffluent. In it some
spheroidal cells are generally found. The fuvourite seats of these
eancers are the stomach, intestine, omentum and ovary; but they
occasionally oeccur in the breast.

2, THE SQUAMOUS-CELLED CARCINOMATA (Fpitheliomata) always
gpring from the skin or from a mucous membrane covered by
squamous epithelinm, and constitute the second great division of the
cancers. They are characterized by the resemblance of their cells
to squamous epithelium. The typical alveolar arrangement of the
carcinomata is much less well marked than in the spheroidal-celled
or acinous variety.

It was to this squamous-celled form of carcinoma that the term
‘epithelioma’ was originally applied; but as all carcinomas are
now believed to be epithelial growths, the term ‘squamous-celled’
is prefixed to this variety to distinguish it from the columnar-celled
and the spheroidal-celled carcinomata. Squamous-celled carcino-
mata may spring either from the skin or from any mucous membrane
covered with squamous epithelium, and are especially common
where skin and mucous membrane meet, as in the lip, anus, &ec.
They are most frequent in the old, seldom oceurring under forty
years of age, and are more commeon in men than in women. ‘lhey
are usually the result of continued irrvitation ; thus in the tongue
they may be due to the presence of a jagged tooth, in the lip to the
constant contact of a hot pipe-stem, in the scrotum to the retention
of soot or coal-tar in the folds of the skin. They are also not
uncommon in situations where the epithelium is in an abnormal
condition, as in old scars, white patches on the tongue and inner
side of the cheek, chronic ulcers, warts, and moles.

Structure.—A squamous-celled carcinoma consists of solid columns
of epithelium, which have perforated the basement membrane, and
have grown into the connective or other underlying tissue. The
columus are surrounded by an imperfectly fibrillated stroma and
a small-cell-infiltration. . This proliferation downwards of the
epithelium into the connective tissue is common to many chronie
uritative processes or growths of the skin, and by itself is not
characteristic of epithelioma. In an epithelioma some of the epithe-
lial cells become isolated and lie in the connective tissuo away from
the down growths. These isolated cells multiply and form masses
of cells which become moulded into irregularly oval or round
clumps, or may follow the lymph channels and thus distending
them produce a network of solid epithelial tubules. But in any
case, in this manner epithelial masses or cylinders arise which,
lying in the depth of the tissue, are not continuous with the surface
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epithelium. From these masses and cylinders in turn epithelial
cells become isolated, and from these isolated cells fresh cell INASSEs
are formed, so that in the connective tissue in the depth numerous
islets of epidermal epithelium are found, so irregularly distri-
buted that they cannot be traced to the surface, with which, as a
mafter of fact, once the growth has begun, they are never directly
continuous.  Both in the epithelial downgrowths and in the alveoli
or islets in the depth are often found small collections of cells of
a crescentic shape, arranged concentrically around one or more
central rounded cells. These collections, generally spoken of as
cell-nests, are horny pearls, They are built up from cells which
originally were epidermal in character. The cireumferential cells of
a cell-nest are cylindrical, these are followed by cubical cells, and
these again by narrow, curved or crescentic cells, arranged con-
centrically, The centre of the mass may consist of a glistening
homogeneous or concentrically striated body devoid of nuclei which
consists of horny matter. The structure of these nests, that is, their
concentric arrangement and the cornification progressing from the
centre to the periphery, depends on the fact, that the central and
innermost cells are the oldest, while the peripheral ones, which at
first show no tendency to become horny, are the youngest. Cell-
nests and horny pearls may be absent, and when present are only
then characteristic of carcinoma if they are imbedded in the depth
discontinuous with the surface. Inuocent papillomata frequently
contain pearls, but then only in epithelial processes which are
either directly continuous with the surface or can easily be traced
to the surface. The epithelium of the surface of squamous-celled
carcinoma 1is usually also proliferated outwards, forming a warty
excrescence or cauliflower-like growth. DBreaking down rapidly
ensues, and an epitheliomatous ulcer is the result.

In the accompanying woodeut (Fig. 21), which represents the edge
of a squamous epithelioma, the down-growing epithelial columns, a
column in transverse section, and several cell-nests are seen.

Usual seats.—Tongue, lower lip, cheeks, gums, vulva, scrotum,
penis and anus. : ‘

Signs.—A squamous-celled carcinoma usually begins as a warty
tubercle, which soon becomes an uleer with raised, everted, sinuous
and indurated edges, and a hard, warty, and irregular base, whilst
the tissues around become infiltrated with the growth and the
neavest lymphatic glands enlarged. At other times it begins in a
crack or fissure, and the ulceration keeping pace with the epithelial
invasion, the margins of the ulcer are sharply defined, and may be
undermined ; or again the growth may have the appearance of a
cauliflower-like mass of warts, often of horny consistency, pro-
jecting above the level of the surrounding skin. Unless an epithe-
lioma 1s removed whilst the disease is still local, recurrence usually
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takes place in the nearest lymphatic glands; at times, like other
forms of cancer, though less often, it may become disseminated
through internal organs. When incompletely removed it will
return in the scar. Death is usually the result of exhaustion con-
sequent upon ulceration and hsemorrhage. The signs, diagnosis,
and treatment are further referred to under Diseases of Regions.
(See Lip, Tongue, d&ec.)

3. COLUMNAR~CELLED CARCINOMATA Or OYLINDRICAL CARCINO-
MATA consist of cells derived from columnaror eylindrical epithelium,
and are usually of slower growth than the former varieties,
They often begin as papillary outgrowths from the surface of
mucous membranes covered with columnar epithelium, or from

Fia. 21.—The growing edge of a squamons-celled carcinoma (epitheliomal.
(From Bowlby's Pathology.)

the interior of the mucous glands, and are most common in the
rectum, though they may affect other parts of the intestine, the
uterus, &e. They may also oceur in the breast as duct cancers.
Structure.—They consist of irregular tubes or alveoli lined with
columnar epithelium, and bound together by a delicate connective-
tissue stroma more or less infiltrated with small round cells, The
ez_;uthaliul cells retain more or less their shape, and are arranged at
right angles to the walls of the alveoli, generally leaving a central
space. In the more rapidly-growing tumours, however, the alveoli
become completely filled with the cells. ILike other carcinomata
they infiltrate the surrounding tissues, and may affect the lymphatic
glands, and later become disseminated in internal organs, especially

a2
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the liver. Death, however, usually occurs from obstruction of the
bowel, heemorrhage from the ulcerating surface, or exhaustion,
rather than from dissemination. Their appearance, symptoms,
diagnosis, and treatment are further described under Twmours of
the ftectum,

THE TREATMENT OF CARCINOMA GENERALLY may be divided into
the palliative and the radical. The palliative is resorted to when
from some cause a cancer cannot be removed by operation, and
consists briefly in soothing pain by opium, neutralizing the offen-
sive smell when ulceration has occurred by antiseptics, and support-
ing the strength by nourishing diet and stimulants. The radical
treatment aims at removing the cancer by operation, in the hope
that it may not return or manifest itself in other parts. If removed
early, there is a good chance of the squamous-celled carcinoma not
doing so, and in some forms of the ecolumnar and spheroidal-celled
the same fortunate result occasionally oceurs. As a rule, however,
the issue 1s not so favourable, and after an immunity, varying in
duration according to the variety, situation, and size of the tumonur,
the length of time it has existed, and the implication or non-
implication of the lymphatic glands, the disease returns in the scar,
in the lymphatic glands, or in internal organs. But though the
patient may not be cured by an operation, he may be greatly
relieved by the removal of the local trouble, and die with less dis-
tress from the implication of internal organs. Should removal be
determined on, it is best done by the knife; but in certain parts
the scissors or écraseur may be more applicable. At times caustics
may be employed. Recently it has been urged that electrolysis is
capable of so acting on the cancer cells as to prevent further
growth and produce shrinking; but there is at present no trust-
worthy evidence that it has any such action. Injection of Coley’s
fluid, obtained by mixing the toxins of erysipelas with those of
the Pacillus prodigiosus, has been apparently attended with some
success in that the growth has diminished in size; but it is highly
dangerous, and its use has been followed by fatal results, and to
say the least is quite empirical. The various methods of removing
carcinomata will be described more in detail under Diseases of
Regions,

OYSTS.

A cyst is a closed sac containing fluid or pultaceous matter.
Cysts may be divided into :—
1. Cysts formed by distensionof naturally-existing cavities or spaces.
II. Cysts of new formation.
ITI. Cysts of congenital origin.
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L. Cysts formed by distension of naturally-existing cavities or spaces,

These are subdivided into:—A. Exudation cysts; B. Retention
eysts; and C. Extravasation cysts. : _

A. Exuparion oysTs are formed by exudation or by excessive
secretion into cavities which have no excretory duct. Under this
head are included Bursse, Ganglia, Cystie bronchoceles, and Cysts
in the ovary due to the dilatation of Graafian follicles. They will
be further referred to under Diseases of Bursee, Ganglia, &e.

B. RETENTION 0YSTs are formed by the retention of the normal
secretion and the consequent dilatation of the duets or acini of the
affected gland. They arelined with epithelium ; their walls become
thickened by fibroid changes; and the natural secretion is altered
by inspissation or by exudation from the cyst-wall. Three forms

Fia, 22, —A sebaceous cyst divided into halves, and one half emptied of its
contents. It is surrounded by a distinet capsule, and is situated in the

skin proper superficial to the paniculus adiposus. (8t. Bartholomew's
Hospital Museum, No. 3,364 ¢.)

are described—1, atheromatous or sebaceous cysts due to the dilata-
tion of the sebaceous glands: 2, mucons cysts formed by the dilata-
tion of mucous glands; and 3, cysts produced by the distension of
special ducts, as the salivary, lacteal, hepatic, and renal duets, and
tubules of the testicle.

L. Atheromatous or sebaceous cysts (wens) (Fig. 22) oceur mostly on
the scalp or face, but may bemet with on any part of the body, and
are often multiple. They do not contain hair follicles, papille, or
other skin elements, thereby differing from the dermoid cysts, which
they otherwise resemble. Those on the scalp are sometimes here-
ditary. Signs.—They form smooth lens-shaped, semi-fluctuating,
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moveable swellings, often adherent to the skin. They may be
distinguished from a fatty tumour by not slipping from under the
finger on pressing the edge of the swelling, and from an abscess by
the absence of signs of inflammation. A small black punctum,
the obstructed orifice of the’sebaceous follicle, may, except in cysts
of the scalp, generally be discovered on the surface. Secondary
changes.—1. The contents of the cyst may undergo decomposition
and become extremely offensive. 2. The cyst-wall may become
mnflamed and suppurate, and be thus cured, or a portion of the wall
may escape and a sinus ensue, or the wound may heal and the cyst
refill. 3. One part may give way, and the sebaceous matter
exude, become hardened, and be pushed up from below, and take
the form of a horny growth. 4. Granulations may spring up from
the interior of the cyst, and exude as a fungating mass resembling
an epithelioma. 5. They may degenerate into an epithelioma.
6. Their walls may undergo calcification. Treatment.—They may
be removed by—(«) Dissection. (b) Splitting them, squeezing out
the sebaceous matter, and seizing the cyst-wall with forceps and
pulling it out. Care should be taken not to leave any of the wall
behind, or a troublesome sinus will remain. (¢) Dilating the orifice
with a probe, and squeezing out the contents. They are apt,
however, to refill when emptied in this way, unless the cyst-wall is
also squeezed out or sufficient inflammation is set up to destroy it.

2. Mucous cysts are formed by the dilatation of mucous glands.
They occur in the lips, mouth, labia, and other situations where
mucous glands exist. In the mouth they constitute one form of
ranula., The so-called dropsy of the antrum is generally believed
to be due to the dilatation of one of the mucous glands of the lining
membrane of that cavity, and the cysts met with at the entrance
of the vagina to a dilatation of Bartholin’s glands. The walls of
mucous cysts are thinner than those of the sebaceous variety ; the
contents are viscid and mucoid in character, and chloresterine 1s at
times present. Treatment.—Excision of a piece of the wall, and
touching the interior with nitrate of silver or other caustic will
generally cure them ; if not, the cyst must be dissected out.

3. Cysts formed by the dilatation of special ducts.—As examples of
these may be mentioned, dilatation of Wharton’s duct (ranula), of
a lacteal duct (galafocele), and of a tubule of the testicle (encysted
hiydrocele).  For a further account, see Diseases of Regions.

C. EXTRAVASATION cysTs are formed by extravasation of blood
into closed cavities, as the tunica vaginalis of the testicle (hemato-
cele), &e.

II. Cysts of new formation.

These are divided into—A. Serous cysts; B. Blood-eysts; C. Pro-
liferous compound eysts; D, Implantation eysts; and E. Parasitic cysts.
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A. SEROUS OR SIMPLE CYSTS are thin-walled cysts, lined with
' a single layer of endothelium, and containing a sticky serous fluid.
They are supposed to be formed by the accumulation of fluid con-
sequent upon irritation, pressure, &ec., in the lymphatic spaces of
the connective tissue, these spaces subsequently becoming fused
into a single cavity. Their walls consist of fibrous tissue formed
by the condensation of the surrounding connective tissue by the
pressure of the fluid. As examples of serous cysts may be men-
tioned :—adventitions bursee developed over prominences of bone,
some forms of ganglion, and simple cysts in the breast, neck, &e.
By some pathologists, however, the serous cysts found in the neck
are regarded as congenital formations. Those in the median line,
except those arising in connection with the remains of the thyro-
glossal duct are undoubtedly formed by the enlargement of
pre-existing bursee, e.g., those about the hyoid bone.

B. Broon-cysrs or HEMATOMATA may be subdivided into—
1. True blood-cysts, which are most commonly met with in the
neck, and consist of thin-walleil cysts containing pure blood. Their
mode of origin is doubtful, but they appear to have some connec-
tion with the veins, since if tapped they often bleed very freely.
2. Cysts, formed by condensation of the tissues around a mass of
extravasated blood. In such the blood may become absorbed or
organized ; or it may break down and disintegrate, or deposit fibrin
upon the wall of the cyst; or suppuration may oceur and an abscess
ensue. They are common in the scalp (cephalhematoma), on the
ear (hematoma auris) and in the arachnoid, but may oceur in any
situation after injury.

The extravasation of blood into serous cavities and into solid
tumowrs is also by some included under Heematoma: but such
A classification is misleading (see Hwmutocele, Sarcoma).

U. PROLIFEROUS COMPOUND CYSTS are cysts containing growths,
They are most common in the breast and ovary, and will be found
more fully described under Diseases of the Breast. These cysts
are developed in connection with the growth of solid tumours, and
mus: be distinguished from cystic degeneration, which, as has
already been shown, is very common in some forms of tumour,
In the one case, the cysts, which may be regarded as primary,
contain growths springing from their walls or proj ecting into them
from the growth around. In the other case, the cysts are seconda
and are produced by the degeneration and softening of the tumour-
elements, or by the extravasation of blood into the substance of the
tumour,

D. ?:.\[PLANTXPIDH CYSTS, or traumatic dermoids, as they are
sometimes called, are believed to be due to the intrusion of small
fragments of epithelium through a punctured wound into the sub.-
cutancous tissue, where they grow into a cyst. They occur most
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frequently in the palm of the hand as small painless rounded
tumours, over which a cicatrix is often found, They contain
sebaceous matter., Complete removal of the cyst-wall is essential,
E. ParasITic o¥sTs are such as are formed in the tissues around
a parasite. Hydatid cysts only are here described ; for an account of
other parasitic cysts, the student is referred to a work on Pathology.
Hydatid cysts may occur in any of the tissues or organs of the
body, but are most often met with in the liver, They are the eystic
stage in the development of the cestode worm, known as the Tenia
echinococcus, This worm in the mature form inhabits the intestine
of the dog. Thence the ova may accidentally contaminate food or
water, and so gain admission to the human intestine. The ova are
then hatched, and the embryo may make its way by the portal vein
to the liver, or by other channels to some other part of the body,
where 1t becomes converted into a cyst. The cyst-wall (endocyst)
is formed of an external laminated elastic layer and of a lining
membrane, or parenchymatous layer, composed of cells, granules,
muscle-fibres, and a water vascular system. Around the cyst a
fibrous capsule (ecfocyst) is formed as the result of the irritation of
the connective tissue, and to this capsule the true cyst-wall is very
loosely attached. The cyst is filled with a clear or slightly opalescent
watery fluid containing chloride of sodium, usually hooklets and
a trace of sugar, but no albumen. As the cyst enlarges, vesicles or
brood-capsules arve developed from the lining membrane, and in them
scolices, or small cyst-like bodies furnished with four suckers and a
crown of hooklets, are formed. From the brood-capsules secondary
or daughter cysts may be developed, having the same structure as
the primary or mother eyst, and in them again tertiary or grand-
daughter cysts. At times the mother cyst does not contain any
vesicles or brood-capsules, and is then called sterile. At other
times, as in the shafts of bones, there may be no mother eyst, a
condition known as multilocular hydatids. The cyst may (1) cease
to grow, die, and be converted into a putty or mortar-like mass of
tissue, undergoing in places calcification; (2) it may suppurate, or
(3) burst spontaneously. The signs of an hydatid cyst of course
vary according to the situation of the cyst. All that can be here
said is that, when the cyst is in an accessible situation, it gives rise
to a tense, elastic, more or less globular fluctuating swelling, of slow
growth, in which, on percussion, a peculiar thrill may be felt, the
so-called Aydatid fremitus, Rupture or puncture may be followed
by a diffuse erythematous or urticarious eruption. The treatment
should be preventive and curative. Preventive freatment.—Seeing
that the dog is infected by eating the offal of the sheep or pig,
in which the worm resides in its cestode state, and that man is
infected by food or water contaminated by the dog's excreta, which
contain the ova of the tinea, the dog should be prevented from
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having access to such food, and an attempt should be made to
destroy the worm and its ova, Thus, dogs should be purged and
given anthelmintics, whilst their kennels should be scalded, and
their excrement buried or burnt. All green food, as water-cress,
that runs the risk of being fouled by dogs, should be well cleansed
before it is eaten. Curative treatment.—The eyst should be removed
entire where practicable. Where this is impossible, it should be
incised, the contents evacuated, and the cavity drained, or better,
the true cyst-wall should be shelled off the fibrous capsule, and the
latter left to granulate. Aspiration or puncture is highly dangerous,
especially in the case of abdominal hydatids. Although many cysts
have been thus cured, sudden death, secondary infiltration of the
peritoneal cavity with the hydatids, peritonitis, and other accidents
have followed this treatment. When the cyst has suppurated, it
should be opened, washed out and drained.

IIT. Cysts of congenital origin.

CONGENITAL 0YSTS may be formed in various ways:—1. By the
mclusion of a portion of epiblast within the mesoblast (dermoid
cysts). 2. By the distension in after life of some feetal structure
which has not become obliterated in the course of normal develop-
ment; for example, encysted hydrocele of the spermatic cord
developed in an unobliterated portion of the funicular process of
the tunica vaginalis, cysts in the middle line of the neck arising in
remains of the thyroglossal duct, and certain broad Ligament cysts
developed from the parovarium. (See ZTesticle, &c.) 3. By the
inclusion of a blighted ovum in a part of the embryo. Such at
least is the origin ascribed to certain cysts containing pieces of
bone, cartilage, teeth, &e., occasionally found in connection with
the ovary and testicle.

Another form of congenital cyst, known as the eystic hoygroma,
is not uncommon. It consists of dilated lymphatic spaces with a
varying amount of fibrous, fatty and neevoid tissue around, being
almost solid or quite cystic according to the proportion of the solid
elements. Hygromata occur in the neck, axilla, scrotum, &e.
Their origin has not at present been satisfactorily explained.

Of the congenital cysts, the Dermoid only are described here.

DERMOID ©YSTS are cysts in the walls of which are found all
the structures constituting the true skin and its appendages, such
as hair, hair-follicles, sebaceous glands, &e. The contents, which
Tresemble sebaceous matter, consist of the secretion of the glands
I the cyst-wall, and of epithelial débris, and frequently of hair,
They are often quite unconnected with the skin, and their origin
15 attributed to the inclusion of a portion of the epiblast in the
mesoblast, an explanation which in the region of the neck and face
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18 probably correct, as these cysts are usually formed about the
outer angle of the orbit, and in other of the situations at which
in the embryo a cleft or fissure exists between the processes from
which the face or neck are developed. In some dermoid cysts
of the ovary, teeth also are occasionally found. The origin of
these, as of the dermoid cysts of the testicle, are not so obvious,
Signs.—The dermoid cyst so common near the outer angle of the
orbit forms a smooth, tense, globular tumour, generally freely move-
able on the parts beneath. It is always congenital, grows slowly,
and though generally small may attain a considerable size. 7Treat-
ment,—The cyst should be dissected out by an incision through
and parallel to the eye-brow, in order that the scar may be as
much as possible hidden. At times these cysts send processes
beneath the eye-lid, or into the orbit, and they have even been
known to perforate the bone and extend into the interior of the
skull, Care, therefore, is necessary in their removal.
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SECTION II.
(GENERAL PATHOLOGY OF INJURIES,

WOUNDS.

Wounps are divided into two great classes, the open and the
subcutaneous,

OPEN WoUNDS.—A wound has been defined as ‘a solution of
continuity in any part of the body, suddenly made by anything
that cuts or tears, with division of the skin,’ Here our attention
will be confined to the general pathology and treatment of wounds
of the soft tissues. Wounds of special tissues, as bone, muscle,
blood-vessels, nerves, &e., will be further referred to under those
heads.

The PROCESS OF REPATR in open wounds of the soft tissues differs
according as the wound is incised, lacerated, contused, or punec-
tured, and according as it is, or is not, kept aseptic, properly
drained, and protected from infective processes. The healing
process will, moreover, be influenced by the patient’s state of
health previous to the wound, and the hygienic conditions under
which he is subsequently placed. TLet us first take a general view
of the process of repair as it oceurs in a simple incised wound in
a healthy subject. Tmmediately the wound is inflicted there will
be free hzemorrhage varying in amount according to the vascu-
larity of the part, probably a spouting of blood in jets from a few
larger arteries, and a more or less general oozing from the smaller
vessels and capillaries. The heemorrhage from the larger arteries
having been arrested, and that from the smaller having ceased
spontaneously, the wound, if accurately closed and kept aseptic
and at rest with its surfaces in contact, will unite without suppura-
tion by a process of simple or adhesive inflammation. Thus, the
edges of the wound for the first day or two may present a very
faint blush of redness extending for a few lines to perhaps in a
large wound half an inch or so beyond the incision: whilst they
may be slightly swelled, a little hotter than natural, and tender
on pressure, but quite devoid of pain. The redness, swelling and
heat, however, may be so slight as to be almost imperceptible, or
indeed may be said in some instances not to occur. If an attempt
were now made to draw the edges apart, they would be found
adherent to each other, and a few days later firmly united, All
trace of redness and swelling about the edges will by this time
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have disappeared, a red streak only remaining to mark the line of
the wound. This streak grows paler and paler, till ultimately a
thin white line, which in course of time may become hardly
perceptible, alone indicates the site of the injury. The above-
mentioned process, which should be attended by little or no
constitutional disturbance, is known as healing by the first
tntention, and is the one which, other things being equal, is
always aimed at by the surgeon in the treatment of wounds. If
the wound does not admit of its surfaces being placed wholly in
contact, the space left becomes filled with blood, and the wound,
if kept perfectly aseptic, unites in a way similar to that above
described, without suppuration. This method of healing, which
is practically one by the first intention, is known as healing by
blood-clot. 1t is the way in which subcutaneous wounds usually
unite. Should, however, the wound, whether its surfaces be in
contact or be separated by blood, be not kept aseptic, the inflam-
matory redness and swelling of the edges, instead of subsiding
and disappearing in a few days, will increase and extend for
some distance around ; the parts then become tense, there may
be throbbing pain, union fails, and suppuration is set up. In the
meantime the patient may have a chill or even a distinet rigor ;
the temperature rises; the pulse is increased in frequency; the
tongue becomes coated, the skin hot and dry, the urine scanty and
high coloured, and the bowels confined ; he complains of headache
and loss of appetite, and there may be restlessness and want of
sleep and perhaps slight delivium (septic traumatic fever). If now
a free exit is established for the pus, or broken-down blood and
pus, and further septic changes are prevented, the constitutional
disturbance subsides, and the surface of the wound becomes
covered with granulations. The granulations gradually fill up
the wound, and when the level of the skin or mucous membrane
is reached, epithelium slowly spreads from the edges of the wound
over the granulations till they are completely covered in. A red
scar is thus left at the seat of the former wound, and though this
in the process of time assumes a white colour, and becomes smaller
from the contraction of the fibrous tissue into which the granula-
tions are at length converted, it is of a permanent character. The
above method of repair is known as healing by the second intention,
or by granulation.

In wounds where there is loss of substance so that the edges of
the skin cannot be brought into contact, the cavity becomes filled
with blood-clot, and, if the wound be kept aseptic, repawr occurs
without suppuration, the blood-clot, though passive, forming a
nidus in which the process of union takes place. Or, if no blood-
clot is present, the surface, after the heemorrhage has been stopped,
becomes glazed over, and a reddish serum slowly escapes ; granula-
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1ons appear, first here and there, and finally over the wl_mle surface
Efﬂtlf& -;l:rléuntl. which 18 then gradually filled up as deseribed above.
In lacerated wounds the same process oceurs, the dead portions of
the lacerated tissues, however, being ﬁrs@ thrown uﬂf n _the fn_rm
of sloughs. In flap wounds where adhesion by the first intention
has failed, after the surfaces of the flaps have become covered by
granulations the two layers of granulations n contact may unite,
a mode of healing known as secondary adlesion or union by the
third intention. Yet again, when a wound has been sealed by blood
or discharges, it may unite either by adhesive inflammation or by
granulation, the process being hidden by the _s-::ab of hmﬂene]i
blood and discharges, on the separation of which the_Wuund is
found soundly healed. It is the common method of healing among
animals, and is known as healing under a scab, or as it was humor-
ously described by Sir James Paget in his lectures on Surgery, as
union by no intention at all. ; : _
Thus a wound may heal, 1, by the first intention (a) by adhesive

Fig. 23.—Diagram represent- Fis, 24.—Diagram representing an
ing a simple incised wound, incised wound a few hours after
immediately after the in- the incision. A. Avea of throm-
cision has been made. bosis — leucocytes making their

way to the cut surface. B. Area
inflammation ; (b) by blood- of dilated capillaries—Ileucocytes
elot; 2, by the second in- escaping from the vessels into the
tention, or by granulation : tissues. ¢, Normal tissues,

3, by the third intention, by
secondary adhesion or by union of granulations; and 4, under a
scab. These methods of healing may now be studied more in detail,
1. Healing by the first intention. (a) By adhesive inflammation.—
Chiefly as the result of the injury inflicted on the tissues by the
nstrument making the wound, and to a less extent as the result
of exposure to the cold air and it may be of the irritation of
strong chemical antiseptics, a simple traumatic inflammation is
set up in the layer of tissue bounding the incision (Fig. 28 and
Fig, 24). Asa consequence, stasis and coagulation of the blood
is induced in the divided smaller vessels and capillaries, and thus
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the haemorrhage from them spontaneously ceases (Fig. 24). Tmme-
diately around there is dilatation of the vessels with retarded flow,
proliferation of the connective-tissue cells, and escape of leucocytes
and liquor sanguinis. These infiltrate the tissues adjacent to the
ncision, and pass through the cut lymph-spaces on to the raw
surface of the wound. There coagulation occurs, the fibrin and
the entangled corpuscles forming a layer of coagulable lymph
between the surfaces of the wound, whilst the serum, at first red
from the presence of red corpuscles but subsequently becomin

colourless, drains gradually away, Tt is this coagulable lymph
which causes the surfaces of the wound after the first few hours
to adhere, or to become glazed if the wound is kept open for some
time before the edges are approximated, as was formerly a not
uncommon practice. A little further from the line of inecision
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Fia. 25.—Diagram of an incised Fic. 26.—Diagram of an incised

wound a day or two after the
incigsion. The sides of the
wound united by small round
cells.

wound a few days after the in-
cizsion. Loopsof capiliaries grow-
ing out from the old capillaries
and making their way amongst

the small round cells uoniting

there is the usual inflammatory the cut surfaces. At the lower
part of the figure a loop has

phenomenon of dilated vessels ; :

with accelerated flow (Fig. 24), Tl L onle Do Ahe DD
thus acecounting for the faint S

blush of redness and the slight

swelling about the edges of the wound. The coagulable lymph
uniting the surfaces of the wound, together with the tissues imme-
diately adjacent to the incision, next become softened and finally
replaced by the infiltrating lymphocytes and proliferating connec-
tive-tissue and endothelial cells, which now form a layer of small
round cells welding as it were the surfaces of the wound together
(Fig. 25). The inflammation, like all inflammations of rﬁamahc
origin, tends to cease as soon as the cause is removed. Thus in a
day or two it subsides, and if a section of the parts were now made,
the uniting layer of small round cells would be seen permeated
by delicate new capillaries stretching across from one side of the
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wound to the other (Fig. 26). They are generally believed to be
produced by loops growing out from the old capillaries, and uniting
with others similarly produced and growing out from the capillaries
on the opposite side. This vascularization of the uniting layer of
cells accounts for the redness of the cicatricial line, and for the
slight heemorrhage which now oceurs if the edges of the wound be
drawn forcibly apart. As the capillary circulation is established,
the edges of the wound become pale from the collateral vessels
being now no longer over-charged. The granulation-tissue thus
formed is at length developed into fibrous tissue, which, like all
new fibrous tissue, contracts, obliterating many of the newly-
formed vessels. Hence the gradual paling of the cicatrix, which
now becomes practically non-vascular,

(b) By blood-clot.—When the surfaces of the wound cannot be
brought together, as is frequently the case in deep wounds, the
cavity left becomes filled with blood. The blood clots, and, if the
wound is kept aseptic, healing proceeds in a similar manner as
described above. The clot remains passive, the surfaces of the
wound between which the blood-clot lies become sealed by lymph,
leucocytes and lymphocytes invade the clot and destroy the red
corpuscles, large cells derived from the endothelium and connective-
tissue cells follow, dispose of the leucoeytes, and then develop into
connective tissue, Subsequently vascularization and afterwards con-
traction take place as in wounds in which the surfaces are in contact.

Healing by the first intention may be prevented by—1. Much
contusion of the edges of the wound, with consequent death of the
tissues bounding the incision; 2. The presence of a septic foreign
body in the wound: 3. A greatly lowered vitality of the tissues,
as from broken health, abuse of aleohol, diabetes, bad hygienic
surroundings, bruising of the parts, rough sponging, or use of too
strong antiseptics; 4. The parts not being kept at rest with the
surfaces of the wound in accurate apposition; 5. Inefficient drainage
whereby the serum squeezed out from the coagulating material is
allowed to collect in the wound and cause tension ; 6. Neglect of
antiseptic precautions and consequent decomposition of the serum
or the infection of the wound by some of the specific micro-
organisms introduced either at the time it was inflicted or subse-
quently. Under any of the above circumstances the inflammation
may be kept up, the pyogenic micrococei may gain a footing, and
further infiltration of leucocytes and proliferation of tissue-elements
take place ; the small-cell-exudation uniting the wound then breaks
down into pus, the flaps separate, and suppuration is established,
Supposing the cause of the inflammation to be now removed, healing
by the second intention will ensue.

2. Healing by the second intention.—New vessels grow out among
the layers of small round cells forming the exposed surface of the
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wound, and granulation-tissue is thus formed (Fig. 27). The
growth of granulations, other things being equal, exceeds the
breaking down of the superficial layers of cells, and the wound is
gradually filled up. Epithelium derived from the old epithelium
at the edges of the wound gradually spreads over the surface of the
granulations ; but new sweat and sebaceous glands, hair follicles,
papillee and lymphatics, are not formed. The cicatrix, at first red
from the abundance of the capillaries in the granulation-tissue,
becomes pale as these are obliterated by the contraction of the
fibrous tissue into which the granulation-tissue is converted, and
though, in the course of time, in consequence of the fibrous
contraction, it becomes smaller, a permanent scar will remain.

In wounds attended with loss of substance, a traumatic inflam-
mation is set up in the tissues immediately adjacent to the surface
of the wound, and the conditions for healing being otherwise favour-
able, a coagulable material, as deseribed above, 1s formed over the
surface, and the serum drains away. Loops of new capillaries,
derived from the old, spring
up amongst the cells replacing
the coagulable exudation and
softened adjacent tissues, and
the wound heals and ecicatrizes
as has just been described. I1f
the wound is filled with blood
the clot undergoes the same
changes described under healing
by blood-clot, the surface of the

Fre. 27. —Diagram of granulating Glﬂt: however, fr::urmmg_ 4 Ppro-

wound, tective layer whilst the invasion

of the rest of the clot is going

on. TFinally, epithelial cells grow out from the edges of the wound

below the protective layer of clot, so that when this falls off or

is removed the surface is found vestored. Where there is much

laceration or contusion of the surface of the wound, the dead

tissues ave first cast off by uleeration in the way mentioned under
gangrene.

3. Healing by the third intention.—When the two layers of granu-
lations covering the flaps of the wound arve placed and kept in
contact, the capillaries in the one layer meet with those in the
other, and so establish a vascular connection between the two flaps,
and the healing of the wound then proceeds in the way described
under union by the first intention., _

4, Healing under o acab.ﬂ—The minute changes of healing under
a scab require no special deseription,

TREJLT.‘?{EHT OF "'ip'i"DUI'TIlE.—TIlJlE general principles which should
guide us in the treatment of wounds will be considered under the
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following heads :—1, Arrest of hsemorrhage; 2, Cleansing of the
wound and removal of foreign bodies ; 3, Drainage ; 4, Closing the
wound and keeping it subsequently =t absolute rest; 5, Preven-
tion of putrefaction, fermentation, and infective processes ; and
B, Constitutional treatment.
1. The arrest of hemorrhage is considered separately at p. 111,
2. The cleansing of the wound and removal of foreign bodies should
be done with all gentleness, so as not to bruise the tissues more
than can possibly be avoided, their vitality being already lowered
by the incision through them. Thus the wound should not be
sponged or rubbed more than is absolutely necessary, but a stream
of water previously boiled, or if preferred containing some efficient
antiseptic, as corrosive sublimate (1 in 500), allowed to run through
it to wash away any blood-clot, or in the case of accidental wounds
any dirt or other foreign substance that may have gained admission.
If the wound is deep or irregular, it should be irrigated, care being
taken when the skin-wound is small not 1o cause any forcible
distension for fear of driving the fluid int ¢ the interstices of the
tissues, where it may act as an irritant and set up inflammation,
Foreign bodies, as glass, splinters, bullets, &e., if lodged in the
wound, should be picked out by forceps or other suitable instrument.
3. Drainage—Where a wound is quite superficial, and in some
situations where the parts are very vascular, as about the face, and
for moderate-sized wounds in which the surfaces can be kept in
contact by pressure, drainage is not necessary. Such wounds may
be completely closed if clean cut and moderately small ; or a stitch
may be omitted at one end ; or a loop of pewter wire inserted, but
only deep enough to keep the edges of the skin apart at that place,
If, however, the wound is large or irregular or lacerated, and the
surfaces cannot be kept in contact, or it is doubtful if it has been
made aseptic, efficient drainage of the wound is of the greatest
importance. Its object is to promote the free escape of the serum,
which, as we have seen, is squeezed out during the first twenty-
four hours from the coagulable exudation formed upon the surface
of the divided tissues as the result of the traumatic inflammation. TIf
this serum is allowed to collect in the deeper parts and irregularities
of the wound, it not only mechanically separates the surfaces and
gives rise to tension, a cause in itself of the continuance of inflam-
mation and hence of the non-healing of the wound, but is also liable
to undergo decomposition and putrefaction, and form a suitable
nidus for the growth of pyogenic micro-organisms. Now the
coagulable cellular exudation, being living tissue, resists the agents
which determine putrefaction. Not so the serum. In this we have
a fluid containing dead animal matter, and as the other conditions
tavourable for decomposition are also present, viz., a temperature
of about 100°, and a sufficient supply of water and oxygen, the
Ww. I




98 GENERAL PATHOLOGY OF INJURIES.

addition of a ferment only is required to set it up. If decom-
position or fermentation then is suffered to take place through not
keeping the wound aseptie, or the pyogenic micrococei are allowed
to enter, the freshly-divided tissues, not as yet sealed by traumatie
inflammation, permit the products of decomposition or of the micro-
cocel to soak into the tissnes around, setting up locally a septic
or spreading inflammation, whereby the coagulable cellular exuda-
tion, temporarily holding the surfaces of the wound in apposition,
is destroyed, and healing by the first intention is prevented. In the
meantime the products of decomposition may pass into the blood,
and give rise to the constitutional state known as septic traumatic
fever, or if the dose of the poison is large, to sapreemia or septic
intoxication ; and this is the more likely to occur if the wound hag
been closed, so that the decomposing serum is pent up under some
degree of tension. If therefore the wound is very large and deep,
or lacerated or irregular, and we are doubtful as to its being aseptic,
a drainage tube or tubes should be placed in it, and brought out at
the most dependent part, the ineisions, if the wound is made in an
operation, being so planned as to allow as much as possible of a
dependent drain. For smaller wounds it may be sufficient to place
in them a leash of horse-hair or of catgut, a piece of gutta-percha
tissue, or a strand or two of pewter wire. The drain-tube if kept
in too long will act as a foreign body, set up inflammation, and
give rise to a suppurating sinus along its frack. It should therefore
be withdrawn as soon as the serum ceases to be squeezed out from
the coagulating material—i.e., in from twenty-four to forty-eight
hours, according to the size of the wound. The drain-tube should
consist of red-rubber tubing, varying in calibre according to the
size of the wound. If should have lateral holes cut in it to facili-
tate the escape of the discharge, and should be made thoroughly
aseptic by being sterilized or boiled, and then kept in some anti-
septic fluid. It had better be passed through the first layer of
dressing, and its mouth surrounded by some absorbent material to
take up the discharges. Where the wound is deep, the tube should
be secured by a safety-pin or by an aseptic thread, lest it slip in,
and, becoming lost in the depth of the wound, subsequently act as
a foreign body. Tubes of decalcified bone have been used in the
hope that they would become absorbed, and so prevent the necessity
of disturbing the dressings; but they do not appear to have had the
desired effect. Many surgeons now seldom or never use drain tubes.
I only use them myself under the conditions stated above. Where
they are dispensed with the skin wound is then not as a rule tightly
closed, and the deeper parts of the wound are maintained in cIf}sa
apposition by means of buried or deep sutures and the application
of firm pressure over a thick layer of absorbent and antiseptie

dressing,
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4. Closure of the wound.—The surfaces should be placed in
contact, and the edges accurately united by suture, strapping, or
a bandage. Where the wound involves different layers of tissue,
muscle and fascia should be united, each to each, by aseptic
sutures. In uniting the edges of the wound, care should be taken
to see that the skin is neither inverted nor everted, and that the
sutures, whatever form is used, are only tied sufficiently tight to
keep the edges in apposition. All tension should be ayoided, as
this in itself is a fertile cause of inflammation. The sutures
may consist of silk, silk-worm gut, horse-hair, catgut, or silver-
wire. All kinds have their advantages and disadvantages, and are
variously required in different cases. Thus, silver-wire is unirri-
tating and perfectly non-absorbent, but causes pain on removal,
and, as it is quite unyielding, is apt, from the swelling of the parts,
to cause tension and inflammation if left in too long. Catgut is
useful in that its deeper parts become absorbed, and therefore does
not require removal. For this reason it is often inapplicable, as it
gives way too soon. Catgut when chromicized resists absorption

B e
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Fra. 28.—Surgical needles and hare-lip pin,

for many days, and forms an admirable suture. It is difficult,
however, to ensure it bein g aseptic, and it is therefore abandoned
completely by many surgeons. Horse-hair is non-absorbent, and
18 also non-absorbable; it has the additional advantage of being
slightly yielding as well as sufficiently supporting. It is very
useful when a delicate suture is required, as in wounds about the
face, Silk forms a strong suture, but possesses the disadvantage
of being absorbent and thus of becoming saturated with the dis-
charges, so that, if decomposition takes place, it will act as an
rritant.  Further, unless tied tightly, in which case it is apt to
produce tension, it yields too much. At the present day, however,
fine si}k, horse-hair, and silk-worm gut arve, on the whole, the
favourite sutures. Sutures may be made aseptic by boiling or by
soaking for twenty-four hoursin 1 in 500 perchloride of mercury
solution. They should then be kept in absolute aleohol 3 parts and
perchloride of mercury solution (1 in 200) 2 parts, or they may safely
be kept in carbolic lotion (1 in 20), ¥

The sutures are introduced by various forms of surgical needles,

H 2
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curved and straight, bayonet- spear- and probe-pointed (Fig. 28),
the needle being conveniently passed by one of the many forms of
needle-holder (Fig. 29). The methods of applying sutures are very
numerous. The two chief forms of sutures used in ordinary wounds
are the inferrupted, the suture being tied or twisted at each stitch
and cut off short, and the continuous, one suture being used through-
out without being cut. Among the special forms may be mentioned
the twisted, the button, the quilled, the Lembert, the Jobert, the
Halsted, and the Czerny, which are referred to under those wounds
where they are specially indicated. The other methods of closing
wounds, as by styptie colloid, iodoformized collodion, and collodion,
are useful in wounds about the face, and where the wound is small.
Having closed the wound, the parts should be placed as far as
is possible at absolute rest, and supported by firm but elastic
pressure to ensure the deeper surfaces being in apposition.

6. Prevention of putrefuction, fermentation, and infective processes
occurring in the wound,—Putrefaction and fermentation are best
prevented by thorough asepsis, or by efficiently draining the wound,
or by keeping the surfaces in contact by firm pressure, as there is
then no material present i the wound
wherein decomposition can oceur. Anti-
septics, viz., agents that destroy septic and
infective organisms, are adopted by many
surgeons as an extra precaution, and are
especially necessary wheve thorough asepsis
: cannot be insured, or drainage or efficient
F1a, 29.—Convenient pressure, as in some forms of compound

needle-holder. fracture, wounds of joints, &e., cannot be

employed. It is questioned by some patho-

logists, however, if our so-called antiseptics are efficient destroyers

of micro-organisms or their spores, unless used so strong that they

endanger the vitality of the tissues ; some surgeons trust therefore

merely to asepsis, i.c., absolute cleanliness, and have abandoned all
antisepties.

But we have to guard, not only against the decomposition of
the discharges, but also against the entrance of infective micro-
organisms, conveyed by instruments, sponges, the surgeon’s or
nurse’s hands, or by the air when an infectious case is in the ward.
The greatest cleanliness therefore is necessary. All instruments
should be carefully cleansed after use before they are put away,
and before being used again they should be sterilized by boiling
them in water to which 1 to 3 per cent. of bicarbonate of soda or
caustic soda has been added,-or by passing them through the flame
of a spirit lamp, or laying them in the steam sterilizer. Whilst mn
use they should be placed in carbolic acid lotion (1in 20). Sponges,
except new ones, had better not be used at all, but dabs of sterilized
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cotton-wool, which ecan be destroyed immediately after the opera-
tion. New sponges after cleansing should be kept in carbolie acid
(1 in 20). The sponges should be passed to the surgeon in a steri-
lized bowl after being washed and placed in corrosive sublimate
solution (1 in 1,000). The hands of the surgeon, assistants, and
nurse should be scrupulously cleaned by thoroughly washing
in soap-and-water, the nails, previously well pared down, being
cleansed with an aseptic nail-brush. They should be then further
purified by dipping them into a solution of biniodide of mercury,
rectified spirits, and iodide of potassium for a few minutes, and then
rinsed in carbolic acid (1 in 20), or corrosive sublimate (1 in 1,000).
Previous to the operation the part should be shaved, if necessary,
and washed with soap-and-water for some distance around where
the wound is to be made, and afterwards with carbolic acid
(1 1n 20), or corrosive sublimate (1 in 1,000), and where greasy, with
turpentine or ether. An antiseptic dressing should then be applied
and kept on fill the patient is on the operating table. Before the
dressing is removed, sterilized towels wrung out in warm carbolic
lotion (1 in 20) should be arranged around the part where the wound
is to be made so as to prevent the clothes coming into contact with
the wound, the wetting of the patient’s clothes being prevented
by placing aseptic mackintosh cloths beneath the carbolized towels.
In place of carbolized towels, dry towels fresh from the sterilizer arve
preferred by some surgeons. On the removal of the dressing the
parts should be again sponged with the antiseptic—carbolic lotion
(1 in 20) or corrosive sublimate solution (1 in 500). The wound
should be irrigated from time to time with corrosive sublimate
(11n 2,000), carbolic acid (1 in 40), or with boiled water, and the
surgeon’s hands cleansed from blood by dipping them in boiled
water or antiseptic solutions. At the end of the operation the
wound should be finally irrigated before being closed.

In a work of this character it would be impossible to attempt any
description of the numerous methods of dressing wounds which
have been, or are at the present day, in use, and to adequately
discuss the advantages claimed for them, and the disadvantages
which all of them to a greater or less degree possess. The objects
aimed at in the selection of a dressing are—1, that it should be
absorbent, so as readily to soak up the discharges drained off from
the wound; 2, that it should promote the drying of the wound ;
3, that it should be antiseptic or aseptic ; and hence, 4, that it
should not require frequent changing, since such necessarily disturbs
the wound and therefore deprives the tissues of that rest which
15 80 1mportant in promoting physiological repair. The materials
most frequently used are ganze or cotton-wool, impregnated with
sal alamhrf:t_h or the double cyanide of mercury and zine, or
simply sterilized by dry heat or superheated steam. My own plan
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is to dress the wound with several layers of moist sal alembroth
gauze, over which is placed dry gauze and a thick layer of dry sal
alembroth wool. Where the skin is very irritable a layer or two of
lodoform gauze is placed next to it beneath the other dressing.
Firm compression with a bandage is then applied. The wound is
now left absolutely at rest till healing is thought to have taken
place. The temperature and pulse ave, of course, carefully watched ;
and should they indicate any abnormality in the process of healing,
or should there be local pain or uneasiness, the wound is looked at
and the dressings re-applied.

6. Constitutional treatment.—Whether the wound is received
accidentally, or is inflicted in the form of an operation, much of the
surgeon’s success will depend upon judicious constitutional after-
treatment; and, indeed, in the latter case, in great measure also
upon the preparation of the patient. Where the wound is large
and there has been much hmmorrhage, the condition known as
shock, and the constitutional symptoms depending upon severe
loss of blood, will probably ensue (see Shock and Hemorrhage).
For the wound to do well it is tmportant that the patient should
be placed under the best possible hygienic conditions., He should
have an abundant supply of fresh air, the secretions should be
regulated, and the diet carefully supervised. Thus, he should
have at least fifteen hundred cubie feet of air, and this should be
changed by efficient ventilation at least three times every hour.
The windows, in addition, except in very severe weather, should be
opened at regular intervals, in order to thoroughly flush out the
room ; but draughts must be avoided, and the temperature of the
room maintained at a uniform degree of about 60° I, A horsehair
mattress should be employed, and a draw-sheet placed on the bed.
The room or ward should be scrupulously clean ; there should be no
curtains to the bed and windows, or planned carpet on the floor, and
nothing under the bed to interfere with the free circulation of air,
The bowels should be kept regular by small doses of confection
of senna or of the compound liquorice powder, or by one of the
laxative mineral waters; the secretion of the skin promoted by
washing, which may be done without unduly exposing or wet-
ting the patient ; and sleep induced, if necessary, by bromide of
potassium, bromide of ammonium, paraldehyde, ql'athane, chlﬂx?,l,
sulphonal, or opium, or by subcutaneous injections of morphia.
The patient must be kept cheerful by books, newspapers, &c. The
diet for the first few days should be limited to milk, weak beef-tea,
or chicken broth, and gradually increased if the temperature remains
normal and as the digestive functions regain their power. Where
the strength has been much reduced previous to the operation, or
the operation has been severe, or the shock marked, or hwmorrhage
free, or suppuration has ensued, stimulants, varying in amount
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according to the state of the pulse, temperature, and tongue are
indicated. The treatment necessary for the various complications
that may attend the healing of wounds are given under Inflam-
mation, Suppuration, Erysipelas, &c. As regards the preparation
Jor operation, where this is not one of emergency the patient should
be placed at rest for a few days, and kept cheerful and in good
spirits, and put on nourishing but unstimulating diet. In the
meantime his digestive, alvine, renal, and cutaneous functions
must be regulated by appropriate means, the bowels being cleared
the day before the operation by a dose of castor-oil or other mild
purgative. Where his strength is much reduced by long-continued
suppuration or chronic disease, efforts must be made to improve
his general health by nourishing diet and the judicious employment
of stimulants.

VARIETIES OF OPEN WOUNDS.—Open wounds are divided into
incised, lacerated, contused, punctured, and poisoned.

Ineised wounds are such as have their edges evenly divided and
their surfaces smoothly cut. They are usually inflicted by sharp
mstruments, and are those commonly made by the surgeon 1in
operating. The danger which is particularly liable to attend them
18 heemorrhage. Healing is generally accomplished by the first
intention, provided the proper means are employed.  T'reatment.—
What has been said under the treatment of wounds generally,
applies especially to this variety.

Lacerated wounds are those in which the tissues forming the
surface and edges of the wound are irregularly torn. They are
commonly caused by machinery, and by the goring and bites of
animals.  There is usually but little heemorrhage, in consequence
of the vessels being torn rather than cut across. The chief dangers
are profuse suppuration, tetanus, sapreemia, erysipelas, and exten-
sive scarring. Healing is generally accomplished by the second
mtention, the dead portions of the lacerated tissues being first
thrown off by ulceration in the way described under Gangrene,
In some situations and under favourable conditions, however, a
large part of the wound may heal by the first intention. 7'reat-
ment.—Special attention should be paid to the cleansing of the
wound and establishing a free drain. Any portions of the tissues
which have obviously lost their vitality should be cut away,
Sutures should not as a rule be applied, but the wound should be
dressed by one of the methods before described, and the parts
placed at rest, :

Contused wounds are those in which the tissues forming the sur-
face and edges are extensively bruised. They are usually made
with blunt instruments or with such agents as distribute the force
over a large surface, There is commonly considerable extravasa-
tion of blood amongst the bruised tissues, though usually but little
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external hsemorrhage. The chief dangers are extensive inflam-
mation and sloughing, secondary hwemorrhage on the separation
of the sloughs, spreading gangrene, erysipelas or diffuse cellulitis,
tetanus, and, later, scarring. A combination of laceration and
contusion is frequently present. Healing is generally accomplished
by the second intention. The treatment is similar to that of lace-
rated wounds. Any portions of skin which have not lost their
vitality should be preserved, especially if the wound involves the
scalp or face.

Punctured wounds are those in which the depth is much greater
than the breadth. They are usually produced by sharp-pointed
instruments, bayonet or sword-thrusts, and stabs. The chief
dangers are hsemorrhage, penetration of important cavities, as the
thorax, abdomen, or a joint, injury of a large blood-vessel or nerve,
and subsequently deep suppuration in consequence of the retention
of the discharges in the deep portion of the wound. Punctured
wounds usually unite by the second intention, owing to the diffi-
culty of keeping the deeper parts of the wound in contact and of
preventing the collecting of serum and later of pus. Treatment.—
If deep, a drainage-tube should be passed to the bottom of the
wound, and gradually shortened as the wound heals. If there is
severe arterial hsemorrhage which cannot be controlled by carefully
applied pressure, the wound must be converted into an incised one,
and the bleeding vessel treated in the way deseribed under Wounds
of Arteries, Veins, &e. For the special treatment required where a
joint or visceral cavity has been penetrated, see Injuries of Regions.

PoI1SONED WOUNDS. Dissection and post-mortem wounds.—Dis-
section wounds are of frequent occurrence, but seldom give rise to
any serious trouble, unless the body from which the poison is
received is fresh, when the risks are similar to those attending
wounds received in making post-mortem examinations. Post-mortem
wounds owe their virulence to inoculation with infective miero-
organisms which are capable of multiplying in the tissues or even in
the blood, and so setting up true infective inflammation and blood-
poisoning. These micro-organisms are crowded out or replaced, as
decomposition of the corpse sets in, by the bacteria of putrefaction.
Hence the longer the body has been kept, the less dangerous the
wound, as these bacteria aremerely capable of inducing alocal inflam-
mation, and not a true infective process. The most dangerous
wounds are those received whilst examining bodies in which death
has recently resulted from septiczemia, pyzemia, diffuse or puerperal
peritonitis, and erysipelas. The effects of a wound received n
dissection, or in post-mortem inspection, will depend in some degree
upon the health of the operator; if strong and vigorous he 1s
better able to resist the toxic effects than when debilitated by
prolonged study or work in a hospital ward, On the other hand,
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persons acclimatized to the dissecting or pest-mortem room are
less liable to be affected than those who have but recently been
engaged there. !

.The signs, as might be expected from what has been said above,
vary considerably, depending, as they do, upon 1‘;]113 nature of .t.he
poison received from the corpse and the previous state of the
operator’s health. Thus: 1. A pustule may form at the seat of
mnoculation, and, after breaking and scabbing, leave a raised,
indolent, painful red sore, which may exist for months, in spite of
treatment. 2. The scratch or wound may become inflamed, the
superficial and perhaps the deep lymphatics mnplicated, and the
axillary glands enlarged and painful, this condition being attended
by sharp constitutional disturbance, often preceded by a rigor.
Suppuration generally occurs at the seat of inoculation, and some-
times also in the axillary glands. The prognosis is usually good.
9. With or without the local signs of the preceding form, severe
constitutional symptoms may set in, preceded by a rigor, and
rapidly assume a typhoid character. Diffuse suppuration occurs in
the axillary glands, and may spread to the neck and side of the
chest. The prognosis is very unfavourable, the patient often dying
in from one to three weeks, or only recovering after a tedious
convalescence, and then, probably, with a broken constitution.
4. Diffuse cellular, or cellulo-cutaneous erysipelas may be set up
at the seat of inoculation, attended with the usual constitutional
symptoms of these affections, and may rapidly spread up the limb
and terminate in gangrene and death. The axillary glands in this
form ave not usually affected. 5. In addition to the local suppura-
tion, a pyremic state, with the formation of metastatic abscesses in
various tissues and organs, sometimes occurs.

Treatment.—Immediately on its infliction the wound should be
sucked, and cleansed by a stream of cold water, and bleeding
encouraged and absorption prevented by tightly binding the part
above the wound. Where the corpse is recent and death is known
to be the result of some infective disease, the wound should be
washed in strong carbolic or corrosive sublimate lotion (some
recommend its cauterization with caustic potash, or nitrate of
silver), and then dressed and protected from further infection. Tf
a wart or indolent sore form, it should be destroyed by nitrate of
silver, acid nitrate of mercury, or other caustic, and the patient’s
health improved by tonics and change of air. If an infective
inflammation be set up, the wound should be freely incised, and any
abscess that may form in the axilla, or elsewhere, opened early ;
indeed, if there is much tension or brawniness of the parts, inei-
sions should be made before pus has formed. The bowels in the
meantime should be cleared by a brisk purge, and the strength
supported by nourishment and stimulants.
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Stings of insects sometimes cause troublesome local inflammation,
which is occasionally of a diffuse character, and where a large
extent of surface is stung, as by a swarm of bees, may be attended
with symptoms of severe depression. Stings of the throat occa-
sionally oecur from swallowing a wasp, and are liable to be followed
by cedematous laryngitis. 7Treatment.—The application of ammonia
will at once relieve pain. Where there is severe depression,
ammonia or aleohol must be administered. Scarification, intuba-
tion of the glottis, or even laryngotomy, may become necessary
1n severe stings of the throat.

Snake-bites.—The bites of poisonous snakes, other than the adder,
are fortunately rare in this country. The bite of the common
adder is seldom fatal. Tt is attended with much collapse, nausea
or vomiting, great pain in the part, swelling of the affected member,
subsequent discoloration from blood extravasation, and occasionally
inflammation and suppuration. The treatment consists in sucking
t]}e part where practicable, applying a bandage tightly above the
bite to prevent absorption of the poison, and the internal adminis-
tration of stimulants. The local application of hypochlorite of
calcium solution (1 in 60) or of liquor potasswe or permanganate of
potash, the injection of ammonia into the veins, and excision of the
bitten part are recommended. Recently an antitoxic serum has
been prepared from immunized animals by Calmette and Fraser
which, if at hand, should certainly be used. For an account of
the more serious symptoms attending the bite of the cobra and
other venomous serpents of tropical countries, a larger work must
be consulted.

SUBCUTANEOUS WOUNDS.—A wound, whether it be of the con-
nective tissue. bone, muscle, tendon, or other structure, is said to be
subeutaneous when the skin or mucous membrane remains intact.
Such wounds differ from the open in that they heal by adhesive
inflammmation without suppuration, since as long as the skin or
mucous membrane covering the wounded part is unbroken, septic
processes are effectually prevented. Moreover, they are attended
by but little, if any, constitutional disturbance. They will be
further described under Rupture of muscles and tendons, Simple
Fractures, de.

D1sEASES OF CICATRICES.—The cicatrices left on the healing of a
wound are liable to certain affections which may be enumerated
as:—1, painful cicatrix; 2, depressed or contracted cicatrix;
3, warty cicatrix; 4, thin cicatrices; 3, ulceration; 6, keloid ;
and 7, epithelioma, and more rervely sarcoma. See Ulceration,
Tumours, de,
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CONTUSIONS OR BRUISES,

CoNTUSIONS are subentaneous injuries, occasioned by a ﬂrughjug,
pulping or tearing of the tissues, combined with extrayasation of
blood consequent upon the rupture of the capillaries and smaller
vessels of the part. In their slighter forms they constitute the
common injury known as a bruise. The effused blood generally
makes its way in the connective-tissue planes towards the skin,
giving rise to the characteristic purplish-black appearance, and, as
it later breaks down and becomes absorbed, to a change of colours
from bluish-black through dark red to yellowish-green. In severe
cases the cuticle is raised into bulle by the effusion of blood-stained
serum beneath it. These bulle, together with the black ecolour
of the part, may occasion a close resemblance to gangrene, from
which, however, a contusion may be distinguished by there being
no loss of heat or of sensation in the part, and by the bulle being
fixed, and not changing their position on pressure as in gangrene.
In very severe and extensive contusions, however, the tissues may
be so injured as to lose their vitality, and gangrene actually ensue;
whilst in other instances inflammation and suppuration may oceur.
When the contusion is localized, blood to a considerable amount
may be poured out at the injured spot, forming a fluctuating
swelling known as a hematoma. Contusions of muscle, bone,
blood-vessels, and nerves, and contusions of the viscera, are con-
sidered separately under Injuries of Special Tissues and Organs.

Treatment.—Beyond placing the part at rest, and applying an
evaporating or a spirit lotion, nothing more as a rule is required,
as the extravasated blood presses upon the injured vessels, and so
prevents further hsemorrhage. Should a heematoma form, it should
on no account be opened, as the blood will usually become absorbed ;
whilst, if air be admitted, suppuration will probably ensue. Aspira-
tion, however, when the hwematoma is very large, may occasionally
be done with advantage.

BURNS AND SCALDS,

BURNS AND SCALDS vary in their effect according to their depth,
extent, situation, and the age of the patient. An extensive though
superficial burn on the trunk, head or face, especially in a child,
may be more serious than a deeper but limited burn on the
extremities. A burn is usually said to be more severe than a scald,
as the fluid producing the latter generally quickly cools and runs
off. A scald, however, owes its severity to the large extent of
surface usually implicated, and when produced by molten metal
or boiling oil which adheres to the part, is generally very serious.
Burns and scalds, when severe, give rise to constitutional as well
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zfﬂisga.éiﬁ?gf.ﬂfﬂi‘;el local effects may be considered under Dupuy-
| ms 1nto six degrees. These degrees, however
lIlE.;tljr be variously combined in the same burn, i

ST DEGREE.—Simple erythema, due to increased flow of
through the dilated vessels. No tissue destruction ensues m?tllﬂzg
scar 1s left. :

2;\‘]} DEGREE.— Vesication, due to the exudation from the dilated
capillaries of the cutis causing the superficial layers of the epithelium
to be raised from the deeper in the form of blebs. No scar is left,
as only the superficial layers of the epithelium are destroyed, and
the_ss:{ are soon reproduced from the deeper layers. Some slight
staming of the skin, however, may subsequently remain,

3RD DEGREE.—Destruction of the cuticle and part of the true
skin.—The epithelinm arvound the hair-follicles, in the sweat-glands,
and between the papille, escapes, and rapidly forms new epithelinm
over the granulating surface left on the separation of the sloughs.
A scar results, but as it contains all the elements of the true skin,
the integrity of the part is retained, and hence there is no con-
traction. It is the most painful form of burn, as the nerve-endings
are involved but not destroyed.

4TH DEGREE.—Destruction of the whole skin.—The sloughs are
yellowish-brown and parchment-like; and their separation is
attended by much suppuration. As the nerve-endings are com-
pletely destroyed, the pain is much less than in the former degree
of burn. The epithelium which covers in the granulating surface
is only derived from the margins of the burn, and the resulting
scar consists of dense fibrous tissue. Hence the extensive con-
traction and great deformity which often result.

9TH DEGREE.—Penetration of the deep fascia and implication of the
muscles,—Great scarring and deformity necessarily follow.

6TH DEGREE.— Charring of the whole limb.—The parts are sepa-

. rated by ulceration in the same way as in gangrene.

CoNSTITUTIONAL EFFECTS.—When the burn is superficial and
of small extent, there may be no constitutional symptoms; and
even when 1t 1s deep, but limited to one of the extremities, as the
foot or hand, they may also be slight. When, however, the burn
1s extensive, and especially when it involves the chest, abdomen,
or head and neck, even although it is only of the first or second
degree, the symptoms may be severe, more particularly when the
patient is a child. The constitutional effects may be divided into
three stages:—1. Shock and congestion. 2. Reaction and inflam-
mation. 3. Suppuration and exhaustion.

18T STAGE.—Shock and congestion.—The shock 1s often very great,
especially when the burn is extensive, and involves the trunk, or
head and neck. The patient is pale and shivering, the pulse feeble
and fluttering, and the extremities are cold ; he suffers little or no
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pain, and sometimes passes into a state of coma and dies, the chief
post-mortem appearances being congestion of the internal organs,
particularly the brain. :

2ND STAGE.—DReaction and inflasnmation.—Reaction comes on
from twenty-four to forty-eight hours after the burn. The pulse
is full, strong, and rapid, the temperature rises, and there arve other
symptoms of fever. Inflammation is set up around the burnt part,
and there is now danger of the absorption of the septic products
derived from the putrefaction of the sloughs which are beginning
to separate. The congestion of the internal viscera, so commmon
in the former stage, may run into inflammation; and pleurisy,
pneumonia, peritonitis, or meningitis may supervene and prove
fatal. Perforating uleer of the duodenum, which is generally
situated near the head of the pancreas, may now occur, and is said
to be most frequently met with about the tenth day. It would
appear to be more rare, however, than has been generally supposed,
since no case has occurred at St. Bartholomew’s during the last ten
years. Itwas formerly attributed to Brunner’s glands taking upon
themselves the function of the injured glands in the burnt skin, but
1s more likely due to the irritation of the vitiated products secreted
in the bile and discharged into the duodenum at the bile papilla,

SRD STAGE.—Suppuration and evhaustion.—During this stage,
which sets in on the separation of the sloughs, there is still a danger
of the patient succumbing to inflammation of the viscera, especially
the thoracic; or he may be worn out by hectic and exhaustion
from long-continued suppuration. He is also exposed to the risks
of secondary hwemorrhage on the separation of the sloughs, and
to blood-poisoning from the absorption of septic products unless
the greatest care is exercised to prevent the decomposition of the
discharges. On cicatrization occurring, horrible deformity may
ensue from the contraction of the newly-formed fibrous tissue
in the scars.

The T'reatment must be both local and constitutional.

Local treatment.—The clothes should be removed with the
greatest care, so as not to tear off the cuticle: but undue exposure
should be avoided. In burns of the first and second degree, the
part should be protected from the air and changes of temperature
by smearing it with carron oil or vaseline, or dusting it with boric
acid, and wrapping it in cotton-wool, the blisters being pricked to
relieve tension and to let out the serum, The cuticle, however,
a:hnuld not be removed, as it serves as the best protective. Of late,
lint soaked in a saturated solution of picric acid and placed over the
burn has been highly extolled. The picric acid is said to have a
keratoplastic action, 1.e., it is believed to promote the keratinisation
of the epithelium. In burns of the third degree, the parts may
also be protected by cotton-wool till the sloughs begin to separate.
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Decomposition of the discharges should then be prevented as much
as possible by mild antiseptic dressings. Thus, the surface may
be dusted with iodoform ; or eucalyptus oil, boracie lotion, and the
like may be applied. Some surgeons put on a charcoal or even a
linseed-meal poultice. Carbolic acid should not be used, as not
only is it too irritating, but there is danger of it being absorbed
when the burn is very extensive. When the sloughs have separated,
and granulation sets in, the wound may be treated as described
under simple ulcer, redundant granulations being repressed by
nitrate of silver. Skin-grafting is often useful in the fourth degree
of burns. The fourth and fifth degrees require the same treatment
as the third, but during cicatrization contraction must be as far as
possible prevented by the use of elastic tension, extension-apparatus,
splints, &e. Later some form of plastic operation to overcome the
effects of the contractions will often be required. In the sixth
degree, amputation, if a limb is affected, will probably sooner or
later be called for,

Constitutional treatment.—If the shock is severe, stimulants in the
form of brandy or ammonia should be given according to the state
of the pulse, the patient covered with blankets, hot bottles put to
the feet, and undue exposure whilst removing the burnt clothes
and applying the dressings as much as possible avoided. Opium
should be given, especially if there is much pain. As soon as the
patient can bear it, fluid nourishment should be substituted for
stimulants, as the latter, if given in large quantities, only tend to
produce excessive reaction and inflammation. During the second
stage, little can be done beyond regulating the bowels and secre-
tions ; lowering treatment is not well borne, at any rate when the
burn is extensive and deep, as the patient will then require all his
strength to sustain the drain on his system during the casting off
of the sloughs and the long suppuration following. The inflam-
matory fever, moreover, generally assumes, if it is not so from
the first, a low type. A stimulating plan of treatment, rather
than a depressing, is therefore necessary. In the third stage, the
patient’s strength should be supported by abundant nourishment
and stimulants.

LIGHTNING- AND ELECTRIC-STROKE.—Death may be instanta-
neous, or the stroke, beyond causing temporary unconsciousness,
may do no harm. In some instances, superficial or deep burns, or
paralysis of certain nerves, as the optic, auditory, &e., l:{ave l_men
produced. Of late, effects similar to those produced by lightning-
stroke have occurred from contact either with wires through which
electric currents of high intensity were passing, or with electro-
motor apparatus. Death from contact with such may be due to
actual tissue destruction, or to arrest of respiration and asphyxia.
In the first case the subject is beyond recovery ; in the latter case
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death may be only apparent, and artificial respiration continued for
some hours may lead to recovery. The treatment consists in apply-
ing warmth, artificial respiration, and stimulants whilst the patient
1s in a state of shock or suspended animation. Rhythmical tractions
and relaxations of the tongue (the Laborde method of t-reatin_g
asphyxia) should be practised by seizing the tongue, drawing it
out of the mouth and then letting it fall back, the proecess being
repeated about fifteen or twenty times a minute. The functions of
the nerves if paralysed have sometimes been restored by galvanism.,

HFEMORRHAGE.

In speaking of the treatment of wounds it was stated that our
first care should be to staunch heemorrhage. This requires different
measures according as it is arterial, venous, or capillary. It is
therefore first necessary to be able to distinguish between these
varieties. Usually it is quite easy. In arterial hemorrhage the
blood escapes in jets, the force of which is increased at each systole
of the heart, and 1s of a bright scarlet colour. In wenous hamorrhage
the blood wells up from the wounded vessel usually in a continuous
stream, and is of a dark purplish-red colour. In capillary hemor-
rhage the blood appears to ooze from all parts of the wound, trickling
down its sides to the deeper parts, where it forms a little pool. In
gsome instances, however, as where arterial blood escapes from a
deep and devious wound, it may resemble venous blood in that it
flows continuously instead of in jets, and when the patient is par-
tially asphyxiated, as from too large a dose of an ansesthetic, it
becomes of a dark colour. On the other hand, venous blood exposed
to the air in its passage from a deep wound may undergo oxygena-
tion and become bright like arterial. Bleeding from the corpus
spongiosum and corpora cavernosa of the penis, or from like tissues
consisting of cavernous blood-spaces or numerous small arteries
and veins, is sometimes spoken of as parenchymatous hemorrhage.
When hwmorrhage oceurs in a visceral cavity, as the pleura or
peritoneum (internal heemorrhage), or into the substance of the
tissues of the trunk or extremities (ewtravasation), it is known by
special signs, and is treated of elsewhere.

Constitutional effects of hamorrhage.—The effect upon the con-
stitution of course varies according to the amount of blood lost, and
1s more marked when the blood is rapidly poured out from a large
artery than when it escapes slowly from a small artery or from a
vein. In the former case the patient may die in a few minutes of
syncope. When the bleeding is less severe the face and general
surface become blanched and ecold, and the lips and mucous
membrane pallid. The pulse is feeble, fluttering and rapid, and at
length only to be felt in the larger vessels, The skin is bathed
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In profuse perspiration, the respiration is sighing, and the mind
wanders. These symptoms may end in syncope, convulsions, and
de&thi or the patient may slowly recover, or may suffer from
angemia or functional disturbance for years. If he is old, some
secondary disease is apt to be engrafted on this state of angemia, of
which he may die. Children bear the loss of blood badly, but
recover rapidly ; the old stand the loss better, but the effect on their
constitution is more permanent.

Constitutional treatment of heemorrhage. When the bleeding has
been severe, immediate steps must be taken to prevent fatal
syncope ; and after this danger has been tided over, we must then
seek to counteract the remote effects produced upon the whole
system by the loss of blood. 1. Immediate treatment.—Our efforts
must first be directed to arrest, or at any rate to temporarily control,
the hiemorrhage by some of the local measures to be presently
deseribed. Having dpne this, the chief indication is to prevent
fatal syncope by ensuring a sufficient supply of blood to the brain
to excite the cardiac centre in the medulla oblongata. Thus, the
patient should be laid on his back with his head low, his body
warmly covered up, and hot bottles placed at his feet and about his
trunk ; or if the pulse does not improve, stimulants in small
quantities should be administered, by the mouth if he can swallow,
otherwise by the rectum or by subcutaneous injection ; whilst in
severe cases the legs and arms should be held up, or an Esmarch’s
bandage applied to them in order the better to drive the blood to
the brain. As a last resource, infusion of a saline solution should
be practised. Where the bleeding is internal or cannot be arrested,
stimulants should be avoided, inasmuch as the syncope into which
the patient has fallen tends temporarily to stop the bleeding by
inducing clotting of the blood in the wounded vessels. If the heart
be again roused to action by stimulants and the vessels in conse-
quence become dilated, the clots may be displaced, the bleeding
re-started, and the last flickering spark of life put out. 2. To-
counteract the remote effects of the loss of blood, fluud nourishment
should be given in small quantities, and then eggs, fish, and finally
meat. Iron is required to restore the loss of hsematin, and a sea-
voyage or prolonged residence in the country is beneficial in
overcoming the ansemia.,

Transfusion of blood and tnfusion of saline solution info the veins.—
Transfusion of blood has long been employed in cases where death
is threatened from excessive hsemorrhage. It 1s, however, a
dangerous procedure, in that the transfused blood may form clots
and thus lead to the plugging of some of the patient’s vessels, with
possibly fatal consequences. Moreover, it appears that blood 1s of
no more value than an equal amount of any bland fluid, since 1t
has been shown that the transfused blood is merely destroyed and
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absorbed and the blood-pigment passed with the urine. On the
other hand, the infusion of a saline solution has all the advantages
of transfusion of blood without its disadvantages and dangers. A
normal saline solution (common salt 3j; water Oj) at 99° to 120° F.
is the most easily prepared, and is best infused into the median
basilic vein, The vein is exposed, ligatured below, compressed
above by a clamp, opened, and a glass cannula introduced and
secured in situ by a ligature. The cannula is next connected with
an irrigator by a rubber tube, and all air having been carefully
excluded the clamp is removed from the vein and several pints
(2 to 5) of the solution allowed to flow in. A clean Higginson’s
syringe connected with the cannula by a rubber tube will answer
the purpose on an emergency very well. The object of the infusion
1s to raise the blood-pressure in the arteries sufficiently to enable
the patient to rally. The pulse should therefore be watched and
the infusion be continued till the object is attained. I have seen
the most marvellous effects follow this treatment, and many
successful cases have now been reported. It may be repeated if
necessary after a short interval. Where the apparatus is not at
hand and the case is urgent, a pint of warm water should be
injected into the rectum and prevented from escaping. The fluid
18 rapidly absorbed from the rectum and acts in a similar manner
to infusion into the veins, only somewhat more slowly. The injec-
tion may also be made into the loose connective tissue of the axilla
with good effect. A half-ounce packet of common salt, 1.e.,
sufficient to make four pints of saline fluid, a Higginson’s syringe,
a glass cannula, and a length of rubber tube, are desirable addi-
tions to the surgeon’s bag when severe heemorrhage is likely to
oceur at an operation.

THE LOCAL TREATMENT OF H/EMORRHAGE may be ccnsidered
under the heads of arterial, venous, and capillary heemorrhage,

_ARTERIAL HEMORRHAGE is spoken of as (1) primary, (2) reac-
tionary or recurrent, and (3) secondary.

1. Primary hemorrhage is that which occurs at the time an
artery is wounded, whether by accident or surgical operation.
2. Reactionary or recurrent hemorrhage is that which oceurs on the
patient recovering from the shock of the wound or operation after
the primary hsemorrhage has stopped, and may be regarded as a
failure in the process for the temporary closure of the vessel. The
term recurrent, therefore, should only be applied to hsemorrhage
oceurring within twenty-four hours of the injury. 3. Secondary
h@morrhage is that which occurs any time after the first twenty-four
hours, and is due to the failure of the process for the permanent
closure ?f the vessel. The treatment in each case is different,

A ;[;1%0311{:{;;? i;LR']{)EIHAL H.TEMURRHAEE.—Thﬂ. older surgeons
. y barbarous methods of controlling hwemorrhage,
ud I
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such as plunging stumps after amputation into boiling pitch, or
operating with a red-hot knife, and it was not till Nature's method
of arresting bleeding had been mtimately studied, both in the
human subject and by experiments on animals, that the local
treatment of haemorrhage was placed upon a scientific basis. It
may be best, therefore, first to consider Nature's method of controlling
hamorrhage before describing the surgical measures which have
been founded upon it. When an artery of small or moderate size
1s completely divided, the cut end, in consequence of the injury
stimulating the muscular fibres of the middle coat, contracts, thus
lessening the size of the orifice, and, in the
case of the small arteries, completely closing
it. At the same time, the cut end, owing
to the normal elastic tension of the artery,
retracts within its sheath, leaving the surface
of the latter rough and uneven. The diminu-
tion in the size of the orifice retards the
escape of blood. The slowed current passing
over the divided wall of the artery and the
roughened internal surface of the sheath, in
consequenc? of this multiplication of points
of contact and exposure to the air, coagulates,
gradually blocks up the orifice, and fills the
Fre. 30.—Diagram of sheath around and beyond the retracted end

a wounded artery of the artery, forming what is ecalled the
closed by clots. external clot, The stream having been thus
slowed or stopped, the blood inside the vessel

also coagulates, and the coagulation spreading from the clot that
blocks up the orifice to the first collateral branch, forms what is
called the internal clot (Fig. 30). When the hsemorrhage has
been- severe, two other factors favour the formation of these clots,
viz. (1), the enfeeblement of the heart’s action induced by the
tendency to syncope, and the consequent diminished force with
which the blood is propelled from the divided vessel; and (2) the
increased tendency of the blood to coagulate owing to an altera-
tion in its composition ecaused by the absorption of watery fluid
from the tissues to make up for the amount of blood lost by the
hemorrhage. Thns the hsemorrhage is arrested, and still presuming
that the vessel be of a small or a medium size, it may not recur,
and Nature will permanently close the wounded vessel in the way
to be presently described. It is only, however, when the vessel is
small, that Nature can be thus trusted. When a large vessel is
wounded, she is quite impotent to prevent an immediately fatal
issue ; whilst if the vessel is of medium size, as the syncope passes
off, and the heart again begins to act with vigour, the clots may be
washed away and the bleeding recur till fainting once more ensues.
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In this way bleedings, alternating with temporary arrests, exhaust
the patient’s strength, till he finally succumbs to fatal syncope.

The method by which Nature permanently closes the vessel 13 as
follows :—The clot between the artery and the sheath prevents
the artery from dilating on the cessation of the contraction of the
muscular fibres of the middle coat; whilst the internal clot acts,
so to speak, as a buffer, and thus prevents the force of the blood-
stream being exerted to its full on the end of the vessel while
healing is taking place. The injury iuflicted on the coats of the
vessel by its division sets up a traumatic inflammation. Leucocytes
and serum escape from the vasa vasorum of the divided vessel-
walls and tissues about the cut end of the vessel, whilst there is
proliferation of the endothelial and connective-tissue cells from the
margin of the torn coats of the vessel. The cells thus formed
gradually permeate both the internal and external clots so that the
end of the artery in a few hours becomes surrounded by a small mass
of coagulable and cellular exudation. The artery at the same time
contracts on the internal clot, which gradually loses its ved colour
as it 1s invaded by the inflammatory exudation. New vessels grow
out from the vasa vasorum of the arterial wall and from the granu-
lation-tissue about the cut end of the vessel, and invade the inflam-
matory exudation, which has now replaced the internal clot. Thus
the internal clot, instead of as at first being merely adherent by its
base to the end of the divided artery, is now intimately blended with
the arterial walls, forming a plug of vascular granulation-tissue.
The granulation-tissue is next converted into fibrous tissue, which
gradually contracts and obliterates the newly-formed vessels, till
finally the internal clot, together with the artery, is converted as far
as the first collateral branch into a firm fibrous cord. Similar
changes, in the meanwhile, occur in the external clot, and it is
finally blended with the scar-tissue formed by the healing of the
wound of the soft parts around the injured artery.

When an artery is divided in its continuity, the healing of the
distal end is accomplished in a similar manner, except that the
internal clot in the distal end is often less perfectly produced, and
may not be formed at all. Consequently, secondary hembrrhage is
more frequent from the lower than from the upper end of a
ligatured artery.

The above description applies chiefly to a complete division of an
artery.  When an artery is merely punctured, the arvest of
heemorrhage will depend upon the size of the vessels, and the size
and direction of the puncture. A wound, however small, of the
aorta, or vessel next removed in size, will probably be fatal. 1In a
vessel of less magnitude, when the puncture is small, a clot forms
of an hour-glass shape, thus blocking up the wound, and healing
oceurs by adhesive inflammation. A somewhat larger wound, when

12
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made longitudinally to the artery, may heal in the same way ; but
when made transversely to the axis of the vessel, it assumes a
diamond shape, in consequence of the elastic tension of the coats,
and the hsemorrhage will probably not be arrested,

THE SURGICAL METHODS OF ARRESTING HEMORRHAGE may be
considered under the heads of temporary and permanent methods,

1. Temporary methods.—The surgeon, if the bleeding point is
within reach, need never fear hemorrhage, as mere pressure with
the finger will control it, whatever the size of the vessel, till he can
obtain the means of permanently arresting it. The pressure may
be made directly on the bleeding point, or between the wound and
the heart ; in the former situation with the finger, pressure-forceps,
or the tourniquet ; in the latter situation with the finger or the
tourniquet, the pressure being then made in such a direction as to

Fie. 831.—Petit's tourniquet. Fi6. 32.—Signoroni’s tourniguet.

press the artery against some resisting structure, as a point of hone.
The tourniquets employed are various (Fig. 31 and Fig. 32). The
rubber tube of the Esmarch’s apparatus perhaps answers the best.
An impromptu tourniquet may be made by tying a pocket-handker-
chief loosely round the limb, and twisting it up tightly with a
walking-stick or umbrella. These temporary means, however,
should only be trusted to until more permanent methods can be
applied.

2. Permanent methods,.—The agents employed for permanently
arresting heemorrhage are—1. Cold, 2, Heat, 3. Pressure, 4. Styptics,
5. Cautery, 6. Ligatuye, 7. Torsion, 8. Acupressure, 9. Forcipressure.

1. Corp is only applicable to stopping hsemorrhage from small
vessels. It acts by causing the muscular coat to contract, thus
promoting the coagulation of the blood in the arterioles and
capillaries. It is frequently employed in the form of cold water or

—a
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ice to arrvest bleeding from the smaller vessels in operation wounds,
and is a well-known domestic remedy for checking epistaxis, &e.

2. Hear in the form of hot water is now often employed in place
of cold water in large operation wounds, as cold applied to a large
surface tends to increase the shock of the operation. The water
must be hot (110° to. 120%); warm water merely encourages the
hzemorrhage by washing away the coagula blocking the vessels.
Heat, like cold, acts by stimulating the muscular fibres of the
vessel to contract. Superheated steam directed on the bleeding part
through a metal tube has been employed of late in place of
ligature, &c. It would appear to be a useful method in arresting
hsemorrhage from erectile structures as the urethral bulb and from
parenchymatous organs as the spleen or liver.

3. PRESSURE as a temporary means of arresting heemorrhage has
already been mentioned. Firmly applied to the flaps covering a
wound, 1t 1s an efficient method of controlling the bleeding from the
numerous small vessels necessarily divided in operations. In the
form of a plug or tampon it is the best means at our command in
certain situations where the artery cannot be secured by more
reliable methods, as the rectum, vagina, tonsil, nose, socket of a
tooth, mterior of bone, &e. It is, moreover, frequently employed
to stop hemorrhage from a moderate-sized artery where such
can be pressed against a bone, as in the scalp; whilst in the form
of a graduated compress it was formerly applied to wounds of the
palmar arch. Pressure acts mechanically by closing the vessel.

4. STYPTICS arrest hsemorrhage by inducing the coagulation of
the blood. Those most in use are perchloride of iron, hamamelis,
and nitrate of silver. Of the perchloride of iron, the strong lijuor
and the solid form are the most efficient preparations. Stypties
may be most usefully employed in conjunction with pressure in
cases where the latter alone has proved ineffectual. The objection
to their use is that they are apt to cause inflammation and
sloughing of the tissues, and consequently secondary hemorrhage
is liable to occur on the separation of the slough. A few years azo
a case came under the care of a colleague in which two inches of
the median nerve were destroyed by the sloughing following the
application of perchloride of iron to a wound of the brachial artery.
Styptics should never be used where more efficient and safer means
of arresting heemorrhage can be adopted. A new styptic, consist-
ing of a solution of fibrin ferment (1 to 10) to which calcium
chloride 1 p. c. has been added, is said to act only on the blood, not
on the tissues, and to be perfectly aseptic. It was found by Mr.
Wright to be effectual in arresting heemorrhage after the division
of all the veins except the common Jugular in a dog’s neck.

9. THE CAUTERY arrests bleeding in part by causing the muscular
coat of the artery to contract, in part by inducing coagulation of
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the blood, and in part by charring the tissues and so producing an
eschar which checks or prevents the flow of blood. The wound
should be first dried by pressure with lint, and then immediately
touched lightly with the cautery, which should be at a dull red
heat, as, if used hotter than this, it simply destroys the tissues
without producing the above effects, and the hseemorrhage continues.
It may be applied in the form of the cautery-iron, which is simply
heated in the fire; but Paquelin’s benzoline cautery and the gal-
vano-cautery arve much more convenient. The chief objection to
the use of the cautery is that it causes destruction of the tissues
around, and on the separation of the resulting eschar secondary
heemorrhage is liable to ensue. The cautery should never be used
in a clean-cut wound.

6. LIGATURE is the most reliable method of permanently arrest-
ing hemorrhage, and is the one most frequently employed. Silk,
carbolized and chromicized catgut, kangaroo-tail-tendon, and
ox-aorta arve the materials chiefly used as ligatures. Of these silk,
if rendered aseptic in the way mentioned at page 99, answers
admirably for securing the cut
ends of arteriesin amputation and
other wounds. For the ligature

Fia, 33.—Artery forceps. of arteries in their continuity, the
choice of ligature is still open to question, and will be referred to
again under ligature of arteries, Whatever form of ligature is used
it should not be too thick, or the internal and middle coats will be
unevenly divided or may escape division altogether. At the same
time it should be strong enough to resist absorption or softening till
the artery is securely sealed. It should be tied tightly till the
internal and middle coats are felt to yield, but not so tightly as to cut
through the external coat. Messrs, Ballance and Edmunds, as the
result of an experimental inguiry on the ligature of the larger
arteries in their continuity, have advocated that two ligatures
should be applied so as merely to occlude the lumen of the vessel,
without dividing the internal and middle coats. These observations,
however, can hardly apply to the ligature of the cut end of arteries
in wounds, as unless the ligature is applied tightly to such there
is, obviously, danger of its slipping. An artery is tied in an open
wound by seizing the cut end with nibbed forceps (of which I'ig. 33
is one of the best forms), drawing it gently from its sheath, throw-
ing a ligature round it, and then tying the ligature in a reef-knot
(Fig. 34, A). Both ends of the ligature are then cut off short.

Biffects of ligature.—When a ligature is properly applied the
internal and middle coats are evenly and transversely cut through
by its pressure. Their cut edges retract and curve within the canal
of the vessel, and the external coat, crumpled up and tightly
embraced by the ligature, retains the two inmer coats in contact
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with each other (Fig. 33). A clot of conical shape forms in the
vessel, extending from the seat of ligature to the first collateral
branch, and subsequently becomes adherent by its base to the wall

F i iu AlF -:;.'..
Fio. 34.—A. The reef-knot versus B, the granny-knat.

of the vessel. The cut ends of the internal and middle coats unite
by adhesive inflammation. When an aseptic ligature is used, and
the wound runs an aseptic course, the ligature becomes embedded
in the granulation-tissue and, if of animal material, absorbed, or
in the case of silk, encysted. The permanent closure of the artery
18 accomplished by the process already described
under Nature's method of controlling hemerrhage
(p- 114).

7. TORSION consists in seizing the artery firmly
with the torsion-forceps (Fig. 36), drawing it
gently from its sheath, and twisting it sharply
several times in its long axis till the internal
and middle coats are felt to yield. The process
resembles the tearing across of an artery, such
as occurs in the avulsion of a limb. When
torsion is successfully performed, the internal
and middle coats arve ruptured and bent up-
wards into the lumen of the artery, and the ; :
external coat 1s twisted up into a cone (Fig. 37). F‘“-f 3“+—]I_}lﬂgmm
A clot then forms, and the artery heals per- :rt-e:-:* 'Ei:mﬁid
manently in the way already described. Tt  jurpa] M. Mid-
appears to be a reliable method, but takes a  dle: and I, In-
longer time in its performance than ligature. ternal coat, L,

8. ACUPRESSURE consists in securing the end  Ligature.
of the bleeding artery by pressing it between
an acupressure needle (which resembles a have-lip pin) and the
tissues, or between the needle and a wire twisted over the needle.
This method is scarcely ever used now.

9. FORCIPRESSURE consists in seizing the bleeding artery, and
the surrounding tissues if the vessel is small, with Spencer Wells’
Prassure-fcrcepa, leaving them on a few minutes and then very
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gently withdrawing them. Tt is a means often used to control the
%laa}nm-rhage during an operation, and will even permanently arrest
1t 1 the case of the smaller vessels, which are often found not to
bleed when the forceps are removed. It is sometimes employed
for arresting hwemorrhage from a vessel which from its depth or
other cause cannot be tied. In such a case the forceps are left on
from twelve to twenty-four hours, and at the end of that time are
very gently removed so as not to re-start the bleeding.

(2.) RECURRENT, REACTIONARY, OR INTERMEDIARY H/EMOR-

- RHAGE 1s that which may come
on within the first twenty-four
hours after a wound as the
patient gets warm in bed, and

the shock of the operation or injury has passed off. It may be
regarded as a failure in the process of the temporary closure of the
vessel. It should be noted that the term recurrent is by some
authors applied to what is here called secondary hemorrhage.
Causes.—1. Shpping of a ligature or displacement of a clot from a
vessel consequent upon the wounded parts not being kept at rest.
2. Washing out of a clot from a vessel which it has temporarily
plugged, by the increased force of the circulation as the heart
regains power on the passing off of the syncope or shock. It is not
uncommon in large wounds to have some oozing of blood through
the dressings; but this should not
be considered as recurrent hemor-
rhage unless it occurs in unusual
quantities, and only then calls for
treatment. The soiled dressings
having been covered with fresh
layers of the antiseptic gauze and
wool, the part should be firmly but
gently bandaged and then elevated.
This failing, the dressings must be
removed, and the flaps in the case of
Fra. 37.—Effect of torsion on an an amputation separated, the clots
artery. washed away with cold or hot water
containing an antiseptie, and any
vessel found bleeding, tied. The wound should be then re-dressed
and firm pressure applied.

(3.) SECONDARY HEMORRHAGE is that which occurs after the
period of reaction has passed in consequence of the failure of the
process for the permanent arrest of heemorrhage. Owing to the
improved treatment of wounds, it is now very rare. ;

Cause.—Secondary hmmorrhage is due either to the defective
formation of the internal clot, or to the failure of union of the
internal and middle coats. Either of these, again, may be (a) the

Fra. 36. — Torsion-forceps.




SECONDARY HAEMORRHAGE. 121

result of some fault in the surgical means taken to arrest the
primary hsemorrhage, and then in some measure may be said to be
preventable ; or (&) the result of some disease of the vessel or con-
stitutional state of the patient, and then may usually be regarded
as non-preventable. These causes may be considered under the
following heads :—

1. Defect in the ligature or in its application.—(a) An improperly
prepared animal ligature may become absorbed too soon. (b) A
non-absorbable ligature, if chosen, may be too thick or tape-like,
and hence not divide or unevenly divide the internal and middle
coats. (¢) The ligature may not be aseptic, and so cause suppura-
tive instead of adhesive inflammation. (d) The ligature, whatever
kind is used, may be tied too tightly or too loosely, or be unevenly
knotted. (e) The sheath in applying the ligature may be too freely
separated from the artery, or the artery bruised during the separa-
tion of the sheath. (/) The ligature may be placed too near a
collateral branch.’

2, Defect in the management of the wound.—The tissues may be
roughly handled and bruised, or the wound may be imperfectly
drained and the discharges allowed to become septic or infected by
pathogenic organisms, so that, in either case, septic inflammation
and suppuration may be set up and spread to the vessel and its
contained clot,

3. Disease of the vessel-walls,—Under this head may be mentioned
atheroma, calcareous degeneration, and syphilitic and tuberculous
disease, all of which may either allow the ligature to cut its way
too quickly through the diseased coats, or prevent the adhesion of
the internal and middle coats and the other changes that should
occur in the normal process of healing.

4. Constitutional conditions.—These are such as render the blood
less coagulable than usual, or are associated with an increase of the
blood-pressure or an excited action of the heart. Amongst such
conditions may be mentioned the heemorrhagic diathesis, diabetes,
B11_ght‘s disease, septicsemia, pysemia, traumatic fever, and plethora,

Symptoms.—There may be a sudden and even fatal gush of blood,
or previous to this, the discharge from the wound may have been
blnmLstpinud. In some cases, the bleeding may stop for a time,
but ¢ gain and even again recur till the patient finally sinks from
exhaustion. Sometimes the heemorrhage may cease spontaneously
aft;ar one or more bleedings, and the patient recover. ‘

_.E’-r'f*rrta:-m:rrﬁ:——:'i_. Irom an artery in a stump after operation.—The
treatment will differ according to (1) the date at which the hsemor-
rhage occurs; (2) whether it is from the main artery ; (3) the
Eiltﬁgecf 11;;1}113 zilzump ;. and (4) the situation of the amputation,

S, W wmorrhage oceurs a few days after the operation,
and is little more than a mere oozing, elevation and pressure by
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careful bandaging will often stop it. If it should not do so, or the
bleeding is more severe and appears to come from the main artery,
a tourniquet applied to the artery above may succeed. This failing,
or the flaps appearing distended with blood, the wound should be
opened up, the clots removed, and the bleeding vessels secured,
At a later period, when the healing process has considerably pro-
gressed, should pressure fail, it becomes a question whether the
healing flaps should be torn apart and the artery secured at its
bleeding point, whether the main artery should be tied above the
wound, or whether re-amputation should be performed. If the
main artery can be easily secured just above the operation wound,
this 1s to my mind the proper procedure, especially if the wound is
in a sloughy condition, in which case the ligature would probably
not hold at the seat of bleeding. This is also the right course to
pursue if the amputation has been performed at the shoulder or
hip-joint; but if in the lower third of the leg or in the fore-arm,
then an attempt should be made to tie at the wound, or if this is
impossible from the sloughy condition of the stump, re-amputation
is probably the safest treatment.

B. From an artery in its continuity.—Pressure should first be
applied at the seat of wound, and in the case of one of the
extremities for a considerable distance over the course of the
artery, both above and below the wound, and the whole limb
bandaged from the foot or hand, as the case may be, upwards,
This treatment failing after a thorough trial of it has been made,
the best plan, as a rule, is to cut down upon and tie both ends of
the bleeding artery in the wound. Tying the main artery at a
distance above the wound has been advised, but is open to the
objection that the secondary bleeding often comes from the distal
end of the artery ; and that even when it comes from the proximal
end, the ligature of the main vessel may not control it, since blood
may be carried into the artery below the ligature by collateral
branches (see Fig. 8, p. 191). Further, in the case of the lower
extremity there is also a danger of gangrene. The operation of tying
at the seat of wound is no doubt difficult, as the parts are generally
matted together or in a sloughy condition, and the coats of the
artery so softened that a ligature will not hold; but by following
the artery a little way upwards and downwards, a healthy portion
may be found whereon to place the ligature. The steps of the
operation are greatly facilitated by the use of Esmarch’s bandage.
When the heemorrhage comes from an artery deeply placed, as the
external iliac or subelayian, pressureis probably our only resource.
In the case of the iliac, an attempt might be made to secure it at
the bleeding spot. In the only instance, however, in which I
have seen it tried it was unsuccessful. Should heemorrhage recur
after both ends of the artery have been tied at the seat of wound,
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amputation in the case of the lower extremity is probably the
safest course.

VENoUs HAEMORRHAGE.—When a vein is cut completely across,
the arrest of heemorrhage is due chiefly to the formation of a
coagulum 1in its imterior, but partly to the collapse of the vein.
Treatment.—Unless a large vein is wounded in its continuity, no
treatment beyond pressure is usually required. Should the main
vein bleed after an amputation a ligature should be applied to it.
BSee T'reatment of Wounded Veins,

UAPILLARY HEEMORRHAGE is arrested by the formation of coagula
in the capillaries and smaller arterioles. The coagulation is due in
part to the exposure of the blood to the air; in part to the traumatic
inflammation set up in the capillary wall by its division; and in
part to the diminished force of the circulation in the ecapillaries
consequent upon the reflex contraction or even closure of the
arterioles which follows the division of the tissues. Treatment.—
As the hwemorrhage usually stops spontaneously, nothing in the
way of treatment is, as a rule, called for. Cold or hot water,
however, may be used to more quickly cause its cessation; and
firm pressure on bringing the wound together will also check it.

CONSTITUTIONAL EFFECTS OF INJURY.

Snock is a general lowering of the vital powers induced by a
severe impression made directly on the nerve-centres, or indirectly
through the peripheral nerves.

The causes of shock may be divided into the predisposing and
the exciting. Certain conditions prior to an injury or an operation
tend to make the shock more severe, and may therefore be regarded
a8 predisposing causes. Such are Bright's disease, hepatic and
cardiac mischief, a highly nervous and hysterical temperament,
enteeblement from old age, sedentary occupation, excessive fear of
the operation, &. Among the exciting causes may be mentioned
mechanical injuries, especially of important parts or organs, as the
abdomen, testicle, &c., burns and scalds, especially when extensive
and involving the trunk, serious operations, particularly when
prolonged, undue exposure of the body to cold, as during a long
operation, bites of venomous reptiles, the action of some irritant
poisons, the sudden emptying of an over-distended bladder, &e.
Powerful mental emotions, as sudden fright, grief, or joy, are
sometimes sufficient of themselves to produce severe and even fatal
shock. In fatal cases of shock from such causes, however, some
visceral disease has generally been discovered. Fright, moreover,
adds to the shock produced by mechanical Injury, as seen for
example in railway accidents, burns from the eclothes taking
fire, &c. ;

Pathology.—But little is found post-mortem in fatal cases of
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shock, The 1-i$111; side of the heart and the venous gystem
generally, especially the abdominal veins, may be engorged with
blood, and the nerve-centres ansemie, Sometimes the heart has
been found empty, and if the shock has been combined with severe
heemorrhage there may be a general deficiency of blood in the
body. The impression produced by the injury, operation, or
mental emotion on the nervous centres, is believed either—1, to
lead to paralysis of the heart directly through the pneumogastric
nerves; or 2, to induce through the splanchnies a vaso-motor
paralysis of the walls of the abdominal veins, whereby they become
engorged, and the nerve-centres and heart in consequence imper-
fectly supplied with blood ; hence, partly owing to deficient nervous
stimulus, and partly to lack of sufficient arterial blood to the
heart’s substance and ganglia, cardiac paralysis ensues.

The symptoms vary considerably in severity. In extreme cases
the patient lies in a semi-conscious state. IHis pulse iz feeble,
frequent, and fluttering, perhaps hardly perceptible at the wrist.
The surface, especially that of the extremities, is cold, the tem-
perature falling at times to 97°, or even 96°; the face is pale; the
lips are blanched ; the skin is moist or covered with a clammy
sweat ; the eye is half closed, and lustreless or glazed ; and the
respiration is shallow, and may be barely perceptible. There is
marked muscular relaxation ; there may be yielding of the
sphincters, and at times nausea and vomiting. The symptoms
may gradually increase, and the patient die of syncope or asthenia ;
or he may gradually rally and pass into the condition known
as reaction. The pulse will then become full and increased in
frequency, the temperature slightly raised, the face flushed, the
skin hot and dry, the urine scanty and high-coloured, the tongue
furred, and the bowels confined. Many of the feverish symptoms,
however, that were formerly regarded as the result of excessive
reaction, are now known to be due to septic poisoning,

T'reatment.—In slight cases, beyond covering the patient up
warmly in bed with blankets, and applying hot bottles to the feet,
nothing is required, except when there is much pain a subcutaneous
injection of one-fifth of a grain of morphia. In severe cases, small
and repeated doses of brandy should be given, carefully watching
its effect upon the pulse so as not to subsequently induce excessive
reaction ; whilst hot bottles should not only be applied to the feet,
but placed on either side of the thorax, and friction used to the hands
and surface generally. If there has been severe hsemorrhage, fluid
nourishment in small and oft-repeated doses should be administered
with the stimulant. In extreme cases, where the patient is unable
to swallow, brandy should be administered by the rectum, and a pint
of hot water, or better, hot saline solution (100° to 120°F.) should
be introduced into that cavity, or ether or strychnine (gr. ;)
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injected subcutaneously; whilst, should the breathing cease, arti-
ficial respiration ought to be employed and persevered in for some
time, although at first it may apparently be ineffectual. The
application of heat by means of hot bottles and warm blankets
must, in the meantime, on no account be neglected. Hot flannels
placed over the cardiac region may be successful in rousing the
flagging heart ; and in the case of a child a hot bath may be given.
Should the jugular veins be distended, indicating an over-full and
partially-paralysed condition of the right side of the heart, the
external jugular vein may be opened. On the other hand, if there
has been excessive heemorrhage, infusion of saline solution should
be performed, the extremities in the meantime being raised and
bandaged so as to impel as much blood as possible to the nerve-
centres and imperfectly-distended heart. Electricity in some cases
has been useful.

TRAUMATIC FEVER.—After every injury, when severe, the
temperature, even when there is no wound, as in some cases of
simple fracture, may rise one or two degrees, but falls to normal
about the third day, whilst the tongue may become slightly furred,
the bowels confined, the appetite lost, and the pulse increased in
frequency. These symptoms, however, pass off with the fall of
temperature, and, for the rest of the period while the wound or
Injury is healing, the patient’s general functions are performed
naturally, This condition appears to depend in part upon an
impression made through the peripheral nerves on the heat-
regulating centre in the medulla, and in part upon the absorption
of the products of cell destruction which occurs during the process
of the simple traumatic inflammation resulting from the injury.
This simple form of traumatic fever must be caretully distinguished
from the infective and septic, which depend on the absorption of the
toxins of pyogenic organisms in the one case, and of the products of
fermentation or putrefaction from a septic and imperfectly-drained
wound in the other case. If the wound is allowed to become
infected or septic, the symptoms of simple traumatic fever passinto
those of the infective form, or if the dose of poison absorbed has
been large, into those of sapreemia.  Simple traumatic fever sub-
sides of itself, and requires no special treatment beyond relieving
the bowels by a gentle purgative, and keeping the patient on
Elﬂp_diet. Septic and infective traumatic Jever will be described under
septic processes in wounds,

TRAUMATIC DELIRTUM is the term applied to the delirious state
which sometimes supervenes after injuries and surgical operations,
The delirium may depend upon several distinet conditions. Thus
(1) it may be merely a symptom of infective or septic traumatic
fever, and is then known as inflammatory or septic traumatic delirium,
(2) It may occur in the highly nervous or neurotic as the result of
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severe mental strain or exhausting brain-work previous to the
mjury or operation, being then spoken of as nervous trawmatic
delivium. (3) It may be the result of the long-continued abuse
of aleohol, and is then ordinary delirium tremens brought on by the
accident or operation. These various forms, however, no doubt
often occur together.

Inflammatory trawmatic delivium.—Of this variety little need be
said further than that it generally occurs from the third to the fifth
day, when the septic traumatic fever is at its height, and that
it usually begins or is worse in the night and abates with the
morning remission of temperature. The freatment is that of septie
traumatic fever with the addition of an ice-cap to the head when
the delirium is high.

Nervous trawmatic delirium, though rare, sometimes occurs in
subjects of a susceptible nervous temperament or over-exhausted
with brain-work. It isunaccompanied by fever and closely resembles
delirium tremens, except that it is not due to aleoholism. The
delirinm, which is usually of a low and muttering, but occasionally
of a wviolent or maniacal character, usually yields to quiet and
opium, or bromide of potassium and chloral, with eareful feeding and
the judicious employment of stimulants where such are indicated.

Aleoholic trawmatic deliriwm or deliriwin tremens differs from the
inflammatory variety in the absence of fever, and in the peculiar
nature of the delirium, which is of a low muttering or busy kind.
The patient has delusions, fancies that he sees animals or devils
under his bed or chair, is suspicious of his friends, talks constantly
to himself, answers rationally when spoken to, but immediately
relapses into hisincoherent muttering state. Sometimes the delirium
is of a violent character, the patient will not remain in bed, and
may attempt to destroy himself or those around him. The tem-
perature is normal or but slightly raised; the skin is perspiring;
the hands are tremulous ; the pulseis full, soft, and often quickened ;
the tongue is also tremulous, indented by the teeth, and coated
with a creamy fur, and in severe cases becomes dry and brown.
The bowels are usually confined. The patient cannot sleep, and
will not of his own accord take food, but will, as a rule, drink
anything. T

The prognosis is good when the patient is young, and can be
induced to take food; but when he is broken-down in health or the
subject of visceral disease he usually sinks into a state of asthenia,
and dies of exhaustion, or it may be of heart failure during a
paroxysm of violence. :

Treatment.—The chief indications are to make the patient take
food and to procure sleep, and so restore power to the exhausted
nerve-centres. Thus, the digestive functions should be regulated
by clearing the bowels with a purgative or an enema, and by the
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subsequent administration of tonies, such as quinine., The diffi-
culty in getting the patient to take food may generally be overcome
by a judicious mixture of firmness and coaxing, otherwise he must
be fed by an cesophageal tube. The diet should consist of fluid
nourishment given in small and repeated quantities by night as
well as by day, provided the patient is awake. To procure sleep
subcutaneous injections of morphia (gr. }), or bromide of potassium
and chloral in doses of twenty grains of the former to fifteen of the
latter, may be given every two hours, carefully watching their
effect. Hyoscine (gr. g to ;) will often cause sleep in a few
minutes. Success has sometimes been obtained by first inducing
msensibility by chloroform, and following up its effects by the
subcutaneous injection of morphia. This plan is, however, by no
means free from danger, since three deaths occurred at St. Bartho-
lomew’s alone in seven years. If there is kidney disease, morphia
and opium should not be given at all, or with great caution. The
question of the administration of stimulants is one on which
surgeons differ. Perhaps the best rule is—where the patient is
young and of good constitution, to withhold them entirely ; but
where he is old, broken down in health, or the subject of visceral
disease, to give them in moderate quantities, regulating the dose
according to the amount of depression and the effects produced. TIf
he is violent or noisy he must he placed in an isolation-ward, and
prevented from injuring himself or his attendants, either by the
use of the strait-jacket or by manual restraint. Seclusion itself has
often a good effect in producing sleep. The management of a
local injury is often vendered very difficult by the patient tearing
off bandages, splints, &c., and thus, for example, converting a
simple fracture into a compound one. Such mischiof can only
be prevented by the greatest watchfulness and care.

DISEASES THE RESULT OF SEPTIC AND INFECTIVE PROCESSES
IN WOUNDS.

The diseases included under this head may be divided into two
chief classes, the septic and the infective,

The sEPTIC are such as depend upon putrefaction, whereby certain
chemical products are formed and set up local inflammation, and
if absorbed into the system through the blood- or lymph-channels,

| give rise to fever and other constitutional symptoms known as

blood-poisoning. The chemical nature of these products is un-
knc:wr.l_, but some of them are believed to be of the nature of
ptomaines, and to act on the tissues locally, or on the whole system
if absorbed, as intense irritants, and in a manney similar to that in

| Which certain known alkaloidal bodies do. Thus, they do not mul-

| tiply in the body beyond the seat of lesion, and the effects to which
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they give rise are proportionate to the dose absorbed; and as soon
as the putrefactive processes in the wound, or the absorption of
their products, are prevented, the local inflammation and the
constitutional symptoms cease. The poison absorbed is non-infec-
tive : that is, if an animal is inoculated with the blood of another
suffering from a septic disease, the disease is not transmitted ; neither
is there evidence of one patient being able to infect another. Micro-
organisms are not discovered in the blood or tissues outside the seat
of lesion during life, nor immediately after death. The poison, how-
ever, is manufactured by living micro-organisms, belonging to the
group of saprophytic bacteria. These saprophytic or putrefactive
organisms are capable of growing on dead or dying tissues, but
cannot thrive in healthy or living tissues, so that they cannot spread
beyond the seat of lesion. If the diseased area be properly removed,
the micro-organisms are also removed, and if the patient is
sufficiently strong to resist the dose of poison already absorbed,
recovery will soon follow. In a septic process, therefore, there is
(1) infection of the injured, dead or dying tissues with saprophytic
(putrefactive) organisms, and (2) intoxication with the poison
elaborated at the seat of lesion. A good example is an ordinary
case of gangrene, where a limb dies from malnutrition ;(—The dead
or dying limb becomes infected by putrefactive organisms which
cause the decomposition of the part. These produce poisons which
are absorbed and lead to fever and other constitutional disturb-
ances. Amputation beyond the diseased part in a good subject is
soon followed by recovery, for the micro-organisms, being sapro-
phytie, cannot live beyond the line of demarcation.

The INFECTIVE diseases, on the other hand, depend upon an
infection with parasitic organisms, i.e., bacteria capable of thriving
in living tissues. Generally speaking, so far as wound infections
are concerned, these belong to the group of pyogenic organisms,
but there are a number of special infective diseases produced by
special organisms. Thus the diphtheria bacillus, the actinomyces
fungus, the tetanus bacillus, the anthrax, glanders and tubercle
bacilli, severally produce their own characteristic lesions and
diseases. In all infective processes, there must also be intoxication :
the organisms elaborate their toxins, and these are absorbed either
by the lymph-channels or the circul&ﬁm_‘n. The dj:&'el'ﬂnce_betwqen
septic and infective lesions is this, that in the former the infection
and intoxication are saprophytic, in the latter parasitic. An infec-
tive process may be local or general: if local, the organisms are
restricted to the seat of lesion, e.g., tetanus, dl])ht-l{erlﬂ, ﬂr}'slpelaa
and gonorrheea; if general, the organisms find their way nto the
circulation (heemic infection). But when the process 1s local the
intoxication may either be slight, leading to hardly more than
mild constitutional disturbances; or the intoxication may be very
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severe, o that the symptoms may be general and serious. Tetanus
and diphtheria, for instance, are local infections accompanied by
intense general intoxication. The infective micro-organisms may
be divided into two chief classes: (1) the non-specific, or the pyogenic
bacteria, which, if admitted into the wound, may merely set up
local inflammation or suppuration, or if introduced into the system
may, under certain conditions, lead to septicsemia or to dissemi-
nated suppuration through the body (Pyemia); and (2) the specific
or the true infective micro-organisms, as the bacillus of anthrax,
which, when introduced into the tissues or system, set up a like
disease to that from which the subject they were taken from was
suffering. Micro-organisms in large numbers are often found in
the blood and in the tissues immediately after death.

Both septic and infective diseases may oceur simultaneously in the
same subject. Thus, an infective micro-organism, as the Strepto-
roccus pyogenes, may set up a localized infective inflammation in the
wound, and the toxic products of this may be absorbed into the
system. Saprophytic organisms may now contaminate the wound
and their septic products be absorbed as well, producing a septic
mtoxication ; or acting in the wound or in the system at large they
favour the growth and development of the infective organisms,

These diseases, whether septic or tnfective, may be divided into
the local and the general: that is, the poison may set up local
mischief, which may or may not be followed by general poisoning
of the system ; or the whole system may be primarily affected, any
local mischief that may occur in the wound being merely of
secondary consequence. It must, however, be remembered that a
small local lesion may for some reason or another become general.
Thus a boil may become a carbuncle, and this again may progress to
a phlegmonous or gangrenous inflammation, and eventually culmi-
nate in septicemia and pysemia. Similarly a tuberculous joint or
gland, which is a local infection, may with unexpected snddenness
lead to a general miliary tuberculosis,

Classification of septic and infective diseases :—

I. SEPTIC DISEASES. — (A) Local. — 1, Septie inflammation,
(B) General.—1. Septic traumatic fever, and 2. Sapreemia or
septic intoxication,

IT. INFECTIVE DISEASES.—(A) Local.—(a) Non-specific. 1. Sup-
puration ; 2, Cellulitis ; 3. Hospital gangrene ; 4. ‘Wound-diphtheria.
() Specific—1. Cutaneous erysipelas; 2, Phlegmonous ery-
sipelas ; 3, Gonorrhwa ; 4. Malignant pustule ; 5, Actinomyecosis
6. Tuberculosis; 7. Glanders, (B) General.—(a) Non-specific,—
1. Septiccemia with or without pyeemia. (b) Specific.—1. Hydro-
phobia; 2, Some forms of Tuberculosis ; 3. Some forms of Leprosy ;
4. Some forms of Glanders: . Tetanus; 6. Diphtheria; and
7. Some forms of Anthrax-poisoning,
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General Septic Diseases,

SEPTIC TRAUMATIO FEVER is the result of the absorption of a
moderate dose of the chemical products of putrefaction or decom-
position from a septic or imperfectly-drained wound (see Septic
inflammation), It begins usually about the second or third day
after the wound, whether this be the result of injury or of operation,
with a feeling of chilliness or a distinet rigor. The temperature
runs up to 102° or 103° or higher, with morning remissions, the
pulse is increased in frequency, the skin is hot and dry, the urine
1s scanty and high-coloured, the tongue is furred, the appetite is
lost, the bowels are confined, and the patient complains of headache
and general feeling of malaise, and is at times delirious. The
symptoms, which are generally at their height about the sixth or
seventh day, may subside as suppuration is established and the
further absorption of septic products is prevented by the sealing of
the tissues with the inflammatory exudation and the formation
of granulation-tissue. If the absorption of septic products con-
tinues in small quantities the fever may run into hectic, or, if the
dose of poison is increased, into sapreemia. The freatment consists
in at once rendering the wound aseptic and thoroughly draining it,
the bowels in the meantime being opened by a brisk purge, and
slop diet continued.

SAPREMIA, OR SEPTIC INTOXICATION, which has hitherto been
included with septic infection under the term septicsemia, is a
form of blood-poisoning believed to be due to the absorption in
large quantities of the chemical products of putrefaction (sepsine,
putrescine, cadaverine, &e.), derived from a septic or ill-drained
wound. It is, therefore, a more severe form of septic traumatic
fever, the difference being one of degree rather than of kind.
Clinically, it is not always possible to distinguish it from septic
traumatic fever on the one hand, and from septiceemia, or even
py@emia before metastatic abscesses are formed, on the other hand.
It is probable, moreover, that sapreemia, septiceemia and pyeemia,
though each may depend upon a different poison, often oceur
simultaneously in the same subject.

Cause.—For sapreemia to occur the septic poison must be absorbed
in a sufficient quantity. Hence the cause may be said to be those
conditions that lead to the production of the poison in large
quantities and that favour its absorption into the blood. Amongst
these may be mentioned—1.- Extensive wounds recently made,
inefficiently drained, and not kept aseptic. 2. Wounds of serous
and synovial membranes. 3. Abscesses, cavities, and granulat-
ing wounds in which decomposing discharges are subjected to
mechanical tension in consequence of the insufficiency of the
external opening.
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Pathology.—The poison, notwithstanding its virulence, is pro-
ductive of very little in the way of post-mortem change which can
be said to be characteristic. The parts on which its effects are more
especially manifested are the blood, the gastro-intestinal canal,
the nerve-centres, and the kidneys. Thus, the red blood-corpuscles
undergo rapid disintegration, causing a staining of the tissues and
vessels, and are found aggregated in little masses blocking the
capillaries, and, probably, in consequence, producing the capillary
hemorrhages (petechie) which are found more or less over the
whole body, and especially beneath the serous membranes. No
micro-organisms are found in the blood if the examination is made
immediately after death. The gastro-intestinal canal, the nerve-
centres, and the viscera generally are congested : the congestion of the
kidneys, by which organs the poison is principally eliminated, being
especially marked. Decomposition oceurs very rapdly after death.

The Symptoms, of which headache, vomiting, and delivium are
the chief, usually come on about the second day after the infliction
of the wound, and may be ushered in by a slight chill or even a
severe rigor. The temperature suddenly rises to 103° or 104° ; the
skin becomes clammy, the tongue dry and furred; nausea or
vomiting, and sometimes diarrhea, set in; the patient becomes
delirious, and if the dose of the poison has been large or its con-
tinuous absorption is not prevented, rapidly sinks into a state of
collapse; the temperature falls possibly below normal, whilst the
pulse continues rapid. The patient becomes unconseious, then
comatose, and then dies. Where the dose absorbed has been less,
the progress of the disease is less rapid, the patient becomes
angemic, and perhaps jaundiced, the urine albuminous, the spleen
enlarged, the vomiting and diarrheea continue, and death may
oceur from exhaustion.

The Treatment must be directed to the removal of the decom-
posing discharges from the wound or cavity, If this is promptly
and effectually done, the disease will generally be arrested, Thus,
wounds must be washed out with antiseptic lotions, serous cavities
drained, joints laid freely open, and tension in abscesses removed
by giving free vent to the pent-up and decomposing pus. The
patient’s strength in the meanwhile must be supported by fluid
nourishment and the judicious administration of stimulants, and
the subsequent ansmmia combated by iron and quinine,

Local Infective Diseases,

ERYSIPELAS is an infective, diffusely spreading inflammation,
commonly affecting the skin or subcutaneous tissue, or both, less
frequently the mucous membranes or submucous tissue, and still

more rarely the serous membranes and the connective tissue in
such situations as the pelvis, orbit, &e.

K 2
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Cause.—Erysipelas depends upon the introduction of an infective
micro-organism into the system; but for this to act it appears
necessary that the vitality of the body should be lowered, and the
tissues in consequence rendered less able to resist the injurious
influence of the poison. The causes, therefore, may be divided into
the predisposing and the exciting, the predisposing again into
those that ave general and those that are local.

T'he general predisposing causes ave such as pertain either to (a) the
state of nutrition of the body, or (b) its environment. (a). Among
the conditions that predispose to the disease by inducing an im-
paired state of the tissues are—1, chronie alcoholism; 2, Bright's
disease ; 3, diabetes ; 4, gout; 3, malignﬂ,nt disease ; E, inaufficient
food ; 7, want of exercise combined
with high living; 8, previous
attacks of the disease. (). Among
the causes that pertain to the
environment of the body are bad
hygienic conditions of all kinds, as
—1, imperfect ventalation ; 2, defec-
tive drains ; 3, aceumulation of the
products of decomposing organic
matter; 4, overcrowding ; 3, want
of cleanliness; 6, a large number
of suppurating wounds in a hospi-
tal; and 7, probably certain not
altogether understood atmospheric
influences.  T'he local predisposing
cause 1s the presence of a wound, seratch, or abrasion of the surface,
and especially of a lacerated wmmti or one in which the discharge
is undergoing putrefaction.

The exciting cause is the introduction of some infective or ganism
into the system. This poison is probably not the same in each form
of the disease. In the cutaneous form it has been shown by the
observations of Fehleisen to be a species of micrococcus, the Strep-
tocoeccus erysipelatosus (Fig. 38). Tt had been known for some time
that micrococel existed in the spreading margin of cutaneous
arympclas Fehleisen cultivated some micrococei from this source,
in some instances through thirty generations, i.e., for upwards of
six months, and then inoculated several patients, in all of whom,
with the exception of one, who had just recovered from an attack
of the disease, erysipelas, after an incubation period of from fifteen
to sixty hours, was set up.* The contagion may be conveyed by
the hands ol the surgeon or nurse, and by instruments, sponges, &e.,

Fic. 38.—The Streplococcus
erysipelatosus (Fehleisen).

* These inoculations were undertaken for the eure of lupus and malignant
tumours, and in two instances apparently with success,
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and probably by air and water. It is now supposed to enter
the system in all eases through a wound. The so-called idiopathic
erysipelas, in which there is ostensibly no wound, was thought to
be an exception, but as this invariably oceurs on exposed parts, as
the face, it 1s now believed that the poison gains access through
some slight erack or abrasion that has been overlooked. The
streptococeus of erysipelas does not differ in morphology or cultural
characters from the Streptococeus pyogenes, but opinions are still
divided on the question of identity, though the weight of evidence
is in favour of such identity.

Pathology.—The virus, when inoculated, multiplies in the tissues,
and spreads by the lymphatic vessels and spaces. In the cutaneous
form, according to Fehleisen and Metchnikoff, just beyond the
spreading edge of redness where the skin is apparently normal, the

- lymphatics are crowded with micrococei ; beneath the inflammatory

blush the vessels are dilated and the tissues softened and infiltrated
with leucocytes which are ¢ devouring ’ the micrococei. Still further
nrwards are large amceboid cells, derived from the connective tissue,
in part absorbing the leucocytes and their contained microeocci,
and in part preparing for the repair of the damaged tissues: whilst
beneath the spot where the blush of redness has faded only dead
micrococci are seen. The products of the micrococei, after passing
through the lymphatic glands, which become swollen and tender,
enter the system, producing the constitutional symptoms. When
the cellular tissue is involved, suppuration generally occurs, and
the vessels that run through it to the skin are destroyed, and the
skin in consequence sloughs. The post-mortem appearance of the
body is similar to that seen in other cases of septic poisoning.
The organs are congested, and the blood is thin and fluid. The
streptococel are not, as a rule, found in the blood ; but the white
corpuscles have been observed degenerated, and in some instances
forming granular masses, plugging the capillaries of the lungs

~and brain,

VARIETIES.— Erysipelas may be divided into—1, the cutaneous
or simple; 2, the cellulo-cutaneous or phlegmonous ; and 3, the
cellular or diffuse cellulitis.

1. CUTANEOUS OR SIMPLE ERYSIPELAS generally attacks the skin,
less commonly the mucous membrane. It is a specific infective
disease. The symptoms are local and constitutional,

Local signs.—There is a vivid blush of redness, usually, but not
mvariably, starting from a wound, and appearing either simul-
taneously with, or in some instances not till twenty-four or forty-
eight hours after, the onset of the constitutional symptoms. The
blush has a great tendency to spread, or to suddenly leave one part
and attack another. The spreading edge is sharply defined and
slightly raised above the surrounding skin, whilst the subsiding
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edge fades off into the healthy skin. The surface is usually at first
vividly and unifﬂ_lmly red, cedematous, and shining, the redness
fading "mnmml‘tu,nly on pressure, and later becoming of a dusky -
hue. The patient complains of u stiffness and stinging heat in the
part. In very acute cases the cuticle is raised into blebs by the
exudation of serous fluid beneath it, and the nearest lymphatic
glands are generally tender and enlarged. Where the tissues are
!ax. as about the face or serotum, there is much cedema, but there
1s little tendency to suppuration. When the inflammation subsides,
there is usually some desquamation of the cuticle.

The wound itself, if one is present, takes on an unhealthy
appearance; it ceases to heal, the edges swell, the granulations
shrivel, and the surface becomes dry.

The constitutional symptoms generally begin with a chill or rigor.
The temperature suddenly rises to 103° or 104°, or higher, but it
does not fluctuate as in septiceemia and pysemia. The pulse becomes
rapid, and there is headache, loss of appetite, furred tongue and
constipation, or sometimes diarrhoea.

Terminations,—The erysipelas as a rule gradually subsides, and
the patient recovers; or it may spread over a large area, and the
patient sink into a low typhoid state, and die of blood-poisoning
(septicemia), especially when the subject of kidney disease or other
visceral trouble, 'When about the head and face it may spread to
the larynx, and end fatally from cedematous laryngitis; or it
may attack the membranes of the brain and set up meningitis,
Relapses are common.

Treatment.—The bowels should be opened by a smart purge
(Calomel, gr.v. €. jalap, gr. viii.), and subsequently perchloride of
iron given in large doses (Tinct: ferri perchlor: m. x1, quartis horis).
Slop diet is usually required at first, but as the constitutional symp-
toms generally assume a low type, the patient should not be too
much depressed, as a stimulating plan of treatment will probably
sooner or later be indicated. Thus, ammonia and bark, brandy-and-
egg mixture, brandy, strong beef-tea, &e., are called for should the
temperature run high, the pulse become soft, and the tongue dry
and brown, or low muttering delirium set in. Locally, nothing
answers better than dusting the part with equal quantities of oxide
of zinec and starch powder, and enclosing it in a thick layer of
cotton-wool. 'When there is an unhealthy wound, means should
be taken to render this aseptic ; but strong antiseptics, as carbolic
acid, must be avoided, as they cause too much irritation. Should
there be any collection of pus, or other pent-up discharge, it must
of course be let out, and the part efficiently drained. When a
patient is attacked with erysipelas in an hospital, he should be
removed to an isolation ward, and the greatest care taken not to
infect other patients. It was an old practice to draw a stick of
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nitrate of silver over the skin in front of the spreading edge of
redness, and it was said that the erysipelas would not pass over this
line. Since the teaching has been in vogue that the mﬂﬂnuinatury
reaction follows the spread of the micrococei, and is salutary in that
the leucocytes destroy the micro-organisms, attempts have been
made to set up inflammation in front of the encroaching miero-
phytes by painting the skin with tineture of iodine. Cases in
which the disease is said to have been thus arrested have been
reported. More recently in severe cases an antitoxin (the anti.
streptococcus serum) has been employed in the treatment of
erysipelas. _

2. CELLULO-CUTANEOUS, OR PHLEGMONOUS ERYSIPELAS, differs
from the preceding variety, in that it involves the subcutaneous
tissue as well as the skin. It is probably always associated with a
scratch or wound, and nearly always terminates in suppuration of
the subcutaneous tissue and sloughing of the skin, but it seldom
penetrates beyond the deep fascia, unless this has been injured. Tt
18 most common in the intemperate, or those of broken-down
constitution or the subject of visceral disease, and is especially
frequent after a scalp wound.

Symptoms.—There is locally much more cedema and swelling
than in the former variety, but the redness is less bright and not
so sharply defined, and blebs or bulle containing serum, which may
be blood-stained, often form over the affected part. The pain, at
first hot and tingling, soon becomes throbbing, and the swelling
brawny, and, should suppuration oceur, boggy in places; whilst
the redness assumes first a dusky, then a purple, and then a mottled
hue ; finally, dark-coloured sloughs form, but no pointing oceurs,
If an incision is made into the tissues, they are at first found
infiltrated with fluid, and later look like wet wash-leather from the
breaking down of the cellular tissue into pus and sloughs. As the
mflammation is more intense than in cutaneous erysipelas so are
the constitutional symptoms, though similar, more severe, The
fever, at first slight, assumes a typhoid character as suppuration
sets in. The disease may terminate in resolution, but more fre-
quently runs the course above described, and may end fatally from
| broncho-pneumonia, saproeemia, septiceemia, pysemia, exhaustion,
- or hectic. Tt is most fatal when, as is so frequently the case, the
patient is the subject of chronie kidney disease. Locally, it may
lead to necrosis of bone, destruction of a joint, brawny thickening
of the part, or much searring,

Treatment.—This must be both constitutional and local. A
purgative should be given at the onset, and the patient placed on
| slop diet, which should be exchanged, when suppuration oceurs,
| for concentrated nourishment with bark, iron, and stimulants,
| Tocally, lint or spongiopiline soaked in hot boracic lotion should be
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applied, and incisions made early before sloughing has had time to
take place, i.e., as soon as the parts become brawny. A number of
small incisions made parallel to the long axis of the limb are pre-
ferable to one long one. They should extend through the skin into
the inflamed cellular tissue, the hemorrhage, which is often free,
being readily stopped, if excessive, by plugging with iodoform or
sal alembroth gauze, or like antiseptic material, Subsequently
the wounds should be dressed antiseptically, well drained, and the
sloughs removed from time to time as they form. At St. Bartholo-
mew'’s Hospital a large charcoal poultice is with some a favourite
form of dressing. Should diarrheea set in it may be controlled
by opium ; but this drug must be given cautiously when there
is kidney mischief. In bad cases, where much skin has been
destroyed or a joint irreparably damaged, amputation may ulti-
mately be required, but should not, as a rule, be done whilst the
disease 1s in progress.

3. UELLULAR ERYSIPELAS, OR DIFFUSE CELLULITIS, is an acute,
infective, and diffuse influammation of the cellular tissue. It may
occurin thesubeutaneous or submucous tissues, in the inter-muscular
planes, in the cellular tissue of the pelvis or orbit, in fact anywhere
in the body where connective tissue exists. It may be due to
various causes. Thus it may occur in the subeutaneous tissue after
a scratch or puncture, particularly one inflicted in the post-mertem
room ; in the pelvic cellular tissue after parturition or the operation
of lithotomy ; and in the submucous tissue after an injury, as a
sting of the throat by a wasp.

Symptoms.—The constitutional symptoms resemble those already
given under the preceding varieties of erysipelas, and though they
may vary in intensity they are generally grave and soon assume an
asthenic type, and become those of sapreemia as the septic products
are absorbed from the decomposing sloughs. The local symptoms
vary according to the part attacked. When the subeutaneous
tissue is affected they are similar to those of ecellulo-cutaneous
erysipelas, save that the skin is not at first involved, but is only
slightly reddened or mottled : the parts, however, feel hard and
brawny, and become boggy as suppuration occurs. Later, the skin,
as the vessels which supply it are destroyed by the pressure of
the inflammatory exudation in the subcutaneous tissue, loses its
vitality, and rapidly becomes gangrenous and sloughs.

The T'reatinentis like that of cellulo-cutaneous erysipelas. Inei-
sions should be made early, and stimulating treatment is generally
required from the first.

HOSPITAL GANGRENE OR SLOUGHING PHAGED/ENA is a rapidly
spreading, infective inflammation accompanied by extensive slough-
ing and ulceration. It most commonly affects an open wound, but
has been known to follow injuries where there has been no break
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in the skin. It is seldom seen at the present day, owing to improved
hygiene, better hospital management, and the more scientific treat-
ment of wounds. The virus, probably the pyogenic micrococei,
may be conveyed to the wound by the air, the hands of the surgeon
or nurse, instruments, sponges, &c. The micrococel (streptococei and
staphylococer) are found in chains and masses as well as singly,
both in the slough and in the inflamed tissues around. (See also
Phagedwnic Ulcers, p. 34.)

Symptoms.—When an open wound is attacked, a pultaceous, ash-
grey, adherent slough forms on the surface, and the sloughing
rapidly spreads both deeply and widely. The edges of the wound
are dusky-red, cedematous, sharp-cut and rapidly melt away as the
gangrene proceeds. The discharge is thin and greenish or blood-
stained, and exhales a horrible foetor. Although a local infective
disease, severe constitutional symptoms of blood-poisoning, rapidly
assuming a typhoid character, are set up by the absorption of the
septic products (ptomaines), and frequently terminate fatally in a
few hours. No micro-organisms have been found in the blood.

T'reatment.—The patient should be isolated, and where the disease
occurs in military practice as an epidemie, the whole of the patients
in the infected building should be removed to huts or tents.  Stimu.-
lants, opium, and quinine should be given internally ; whilst locally,
the slough must be completely removed, the ulcerated surface
thoroughly destroyed by strong nitric acid or chloride of zine, and
the wound sprinkled with iodoform and dressed antiseptically.

WouND-DIPHTHERIA is seldom met with in this country. It
1s not caused except in very rare instances by the bacillus of
diphtheria, but mostly by pyogenic micro-organisms. It is
thought by some to be a mild form of hospital gangrene due to the
ordinary microbes of suppuration, by others to be u distinet affec-
tion depending upon a specific form of mierococeus and the result of
bad hygiene and want of cleanliness in the treatment of the wound.
When a wound is so attacked, the surface, previously granulating,
becomes covered with a greyish-white, opaque, tenacious mem-
brane, similar to that of diphtheria. This membrane consists of
granulation-cells and coagulated exudation in which are found
micrococel in chains and colonies. The affection appears to be only
very shightly contagious, and does not affect the system generally
further than by the absorption of the septic products. The treatment
consists in attention to the general hygiene, and dusting the wound
with iodoform or rubbing it over with a stick of nitrate of silver.

MALIGNANT PUSTULE OR CHARBON is a specific infective disease
due to inoculation with the Bacillus anthracis, obtained from anim als
suffering from splenic fever. It occurs most frequently in this
country amongst those whose work brings them into contact with
hides mmported from countries in which splenic fever is common,
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The bacillus may enter the system through a wound or abrasion
of the skin, a pustule occurring at the point of inoculation. The
disease may then remain localized, or the bacillus may enter the
blood and there rapidly multiplying give rise to a true septiceemia
or hsemic infection. At times the bacillus is absorbed directly into
the blood through the alimentary or respiratory mucous membrane
without any external manifestation, and sets up similar constitu-
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F1a. 39.—Malignant pustule. From a case under the care of
the late Mr. Morraut Baker,

tional symptoms, the affection being then known as Woolsorter's
Disease. (See a work on Medicine.)

Symptoms.—A red itching pimple is first noticed, generally at
the situation of a slight scratch or abrasion of the skin, on the face
or some other exposed part. The pimple soon becomes converted
into a vesicle, whilst the surrounding tissues become red and
brawny. Gangrene occursat the focus of inflammation, and around
this a ring of secondary vesicles forms, Thus, when the so-called
pustule is fully developed, it presents a very characteristic appear-
ance (Fig. 39). 1n the centre there is a dry black slough, around
this a ring of vesicles, and around this again an area of redness,
brawny induration and much cedema. There is, however, but
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little pain and no suppuration. The neighbouring lymphatic
glands may now become enlarged and tender; feverish symptoms
rapidly assuming a typhoid type set in, and the patient dies of
sudden syncope, exhaustion, or it may be of cedema of the glottis
when the disease affects the neck. Should any doubt exist as
to the nature of the disease, it will be cleared up by examining the
contents of the vesicles for the baeillus.

The Bacillus anthracis (I'ig. 40) is a straight rod-like body, varying
from 515 to 11 of an inch in length. In artificial cultures it grows
out into long threads made up of bacilli, the adjacent ends of which
are sharply cut and slightly concave. It multiplies by fission and
when in contact with oxygen by spores. It is readily killed by
heat; but the spores resist both heat and drying, though they are
destroyed by prolonged boiling, a
1 per cent. solution of corrosive sub-
limate and some other antiseptics.
The bacillus is oceasionally also
found in the blood and in various
tissues of the body in this disease.

The Treatment consists in the free
excision of the pustule. If this is
done in time the patient usually
recovers. Some merely scrape with
a Yolkmann’s spoon; others cau-
terize the wound, after execision or
scraping, with chloride of zine or
carbolic acid. Dusting with ipeca-  Fre, 40, —The anthrax bacillus,
cuanha powder is highly spoken of x 1,000, (After Sternberg, )
by some surgeons. When consti-
tutional symptoms have developed, the strength must be supported
by fluid nourishment and by stimulants when indicated. Sulphide
of soda in ten-grain doses has been recommended on account of the
beneficial effect it exercises in splenic fever in animals.

ACTINOMYCOSIS 1s an infective disease depending upon the
presence in the tissues of a micro-organism, the actinomyees.

Cause.—The disease, which is prevalent in cattle, may in rave
cases be transmitted to man from the diseased animal, as has
been said to oceur in cowmen, or it may be conveyed by cereals.
A grain of barley has been found in several growths. A common
site of inoculation is through a carious tooth, but the parasite may
gain admission by the alimentary and respiratory tracts, or through
a eutaneous wound,

Pathology.—The actinomyces, having entered the tissues, sets up
a progressive inflammation leading to the formation of granulation-
tissue, connective tissue and pus. The pus contains pale yellow,
or sometimes white or brown grains, which are visible to the naked
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eye when the pus is spread out in a thin layer, the larger grains
being about the size of a pin’s head. These grains arve seem, on
careful microscopical examination, to be made up of fine threads
of mycelium, with radiating club-shaped bodies at the periphery,
The ‘clubs’ are at times absent and are believed by some to be
involution forms and not essential to the disease (Fig. 41).

In cattle the disease affects chiefly the lower jaw, but it has also
been met with in the upper jaw, the tongue, the respiratory and
alimentary tracts, and in the subecutaneous and intermuscular
tissues, It was formerly included under the names of osteo-
sarcoma, wooden tongue, bone cancer, tubercle, &o.

Symptoms.—Actinomycosis may appear (1) in the skin (cuta-
neous), as for instance in the face (Fig. 42), breast, or abdominal
wall; or (2)in the mucous membrane either of the mouth, pharynx,
esophagus, bladder, or intestinal tract: or (3) it may be visceral,

Fre. 41,—Actinomyces—the ray fungus.

when it is generally found in the liver or lung; (4) it has also in a
few rare cases been found in the brain. When it occurs in the mouth
1t infiltrates the lower jaw as a rule, and it is then commonly met
with about the socket of a carious tooth. A great deal of thickening
oceurs in the surrounding bone, and abscesses are formed in the
neighbouring connective tissue. On the opening of the abscesses
sinuses are left leading to the swelling, which is found to consist
in part of tough fibrous tissue and in part of soft vascular granula-
tion-tissue filling cayities in the bone. The escaping pus contains
the grain-like masses of the fungus which are charaecteristic of the
disease. When the disease occurs in bones other than the jaw,
it gives rise to a growth with characters similar to those mentioned
above. When it begins in the lung it may spread to the pleura
and then extend widely in the chest walls. From the intestine
it may invade the peritoneum and abdominal walls, In whatever
situation it begins, if left alone, it steadily spreads until it kills




SEPTICEMIA. 141

either by exhaustion or by involving some vital organ. Metastases
do not appear to occur in the lymphatic glands communicating
with a primary focus of actinomycosis, but a pyemic form of
actinomycosis has been described.

Diagnosis.—The disease perhaps most resembles a gumma, tuber-
culous uleeration, or a fibro- or myxo-sarcoma attendedby profuse
suppuration. The presence of the parasite in the pus will clear up
any doubt as to the nature of the disease,

Treatment.—The most efficient treatment is the complete removal
of the growth, whilst it is still local, by exeision and seraping. In
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F1a. 42.—Actinomycosis of the face. (From a drawing of a
patient. St. Bartholomew's Hospital Museum. )

the lower jaw this has been attended with complete success, When
the disease 1s too extensive to admit of removal, free drainage and
antiseptics should be used as palliatives, and large doses of iodide
of potassium given internally. This drug has been found of great
value, both in man and in cattle, and should always be given,
whether local treatment is or is not undertaken,

(feneral Infective Diseases.
SEPTICZEMIA OR SEPTIC INFECTION.—The term septiczemia is here

Testricted to the condition generally known as septic infection, using

t-l}a term ¢ sep_i:I{:” in its old sense ; septic intoxication, which has
hitherto been included under the term septiceemia, has already been
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described under the head of sapreemia. Septicemia, in this sense,
is an infective disease due to inoculation with pyogenic (as distin-
guished from saprophytic or septic) micro-organisms, which multiply
in the tissues or escape into the lymphatic or hsemic circulation.

It must be clearly understood that the term septiceemia is a
clinical one given to well-known conditions easily recognised by
their symptoms. Strictly speaking, that is, using the term in ifs
pathological or bacteriological sense, septiceemia means heemic infec-
tion. It is, therefore, necessary to remember that what 18 clinically
a septiceemia includes two distinet pathological processes : a hzemic
mfectionand alocal infection accompanied by severe general intoxica -
tion. The infection which forms the starting-point of the disease may
remain local, or it may for some reason or another become general,
and yet the symptoms may be the same whatever condition prevails,
As a matter of fact, micro-organisms are but rarely found in the
blood in cases which on clinical grounds are diagnosed as septicsemia.
The severity of the symptoms depends on the amount of toxins
produced by the micro-organisms, and so far as this is concerned it
matters little whether the infection remains local or becomes general,

Cause.—The essential cause of clinically so-called septicsemia
1s the introduction of a micro-organism into the tissues or into
a wound. This organism almost always belongs to the group of
pyogenic cocei. This living virus may be derived from the body
of another patient who is suffering from or has died of the disease
or some other pyogenic infection, such as erysipelas, and it may
be conveyed by the hands of the surgeon or nurse, or by imper-
fectly-cleaned instruments, sponges, &c. The minutest quantity
of the living contagium is sufficient. Although any one of the
pyogenic cocel is capable of producing septicsemia, the one most
to be feared is the Streptococcus pyogenes; it causes, far more
frequently than other bacteria, spreading phlegmonous inflamma-
tions and grave forms of septiccemia. The importance and the
frequency of streptococcus septicsemia accompanying tuberculosis,
diphtheria, typhoid fever, scarlet fmrer,_ the puerperal state,
erysipelas, cellulitis and traumatic infections are probably not
even yet sufficiently appreciated by physicians and surgeons,
Septiceemia produced by other pyogenic cocei under these cir-
cumstances, although it may be of equal severity and similar
character, is less common. In view of the fearful pathogenic
possibilities with which streptococei may be endowed, a surgeon
cannot regard their presence in a wound or inflamed part with as
little concern as he may the white, or even the yellow, staphylococcus.
Streptococcus cases are in general more dangerous to other surgical
patients in their proximity than staphylococcus cases, and are
therefore more likely to require isolation (Welch). !

Pathology.—Various pathological conditions may be associated
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with what on clinical grounds has been diagnosed as septicsemia,
There may be (1) a local infection by pyogenic cocci, which may
be spreading or phlegmonous. The cocel, being parasitic in nature
and capable of growing in the living tissues, will spread beyond
the seat of infection along the lymph-channels, and may thus
produce fresh foci in and around the glands or wherever they find
a resting-place. Naturally these cocci produce their poisonous
substances; these are absorbed and lead to the aggregate of
symptoms which constitutes septiceernia. (2) The cocei may find
their way into the ecirculation, multiplying in the blood, so as to
become demonstrable by ordinary methods of examination. They
are then carried along the minutest vessels into all the tissues of the
body, and the result is a general heemic infection. In such cases
they reach the heart by the venous circulation ; they may infect
the cardiac valves and produce a malignant endocarditis, which,
as will be shown below, in its turn may lead to pysmia. (3) The
inflammatory process leads to plugging of the smaller vessels at
the seat of infection; these thrombi are septie,” or rather infective,
and particles may be carried by the veins into the right side of
the heart and thence as emboli into the lung, where they would
produce a pywemic abscess (pywemia). Doubtless pyogenic cocei
frequently enter the blood-stream from the seat of infection in
small numbers or wayves. They often perish in the blood without
doing harm, but they may lodge somewhere, as on one of the
cardiac valves or on one of the serous membranes, multiply there,
and produce a secondary inflammatory lesion, an infective endo-
carditis, or inflammation of a serous cavity. If it should be an
mfective endocarditis, micro-organisms will soon appear in the
blood, i.e., a heemie infection will soon result. It will be seen then
that in so-called septiceemia cocei will only be found in the blood,
if there is a general heemic infection, or an infective endocarditis,
or if one should happen to examine the blood during one of the
waves when the coccl are passing into the circulation.

The post-mortem appearances are similar to those of sapreemia.
There is a like condition of congestion of the nerve-centres, gastro-
intestinal tract and viscera, with petechize beneath the serous mem-
branes, and staining of the vessels and tissues. Miero-organisms,
both micrococei and bacilli, however, may be found in the blood under
the conditions mentioned above. The serous cavities often contain
blood-stained serum, and pleurisy and pneumonia may at times be
present. The spleen is generally greatly congested and enlarged.,

The symptoms are also similar to those of sapreemia ; indeed, it is
often impossible to differentiate between them. Septiceemia, how-
ever, may be suspected when there is evidence of infection from
some source, or the wound is of such a size as to render it impossible
for the amount of septic matter necessary to set up septic intoxi-
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cation to be formed in it. Ttwould, moreover, appear probable that
the two diseases may at times coexist in the same subject. Sep-
ticeemia begins with a distinet rigor, which may be repeated,
followed by a temperature of 103° to 104° or higher. The symptoms,
the chief of which are headache, nausea, vomiting, deli;*ium. and
sometimes diarrheea, may run the same rapid course asin sapriemia,
the patient passing into a state of collapse ; or they may he more
chronic and less severe in degree though similar in kind, whilst
leucocytosis and petechial eruptions of the skin, or bronchitis,
pneumonia, pleurisy, or pericarditis may supervene,

T'reatment.—Little can be done in the way of curative treatment
beyond preventing the introduction of more poison by taking the
same local means to disinfect the wound as were mentioned under
sapreemia.  The same good effects, however, must not be expected,
as the poison once introduced multiplies indefinitely, and hence
the disease is almost invariably fatal, Large doses of quinine or
salieylic acid or sulphite of potash, however, may be given, whilst
the strength should be supported by fluid nourishment and stimu.
lants. Recently what appear to be promising results have been
obtained with injections of an anti-streptococeus serum, which, if the
lesion in question be due to the streptococcus, would hold out hope
of success, and should certainly be tried early and in sufficient doses.

Pymmia is distinguished from septicsemia by the formation of
secondary (metastatic) abscesses in various tissues and organs of the
body. It received its name on the erroneous supposition thatit was
due to the entrance of pus into the blood, seeing that it generally
originates in connection with a suppurating wound, and is later
attended with purulent collections in various parts of the body,
It 1s to be regarded as a special stage of septicsemia, and previous
to the formation of the abscesses the two diseases are often clinically
indistinguishable,

Cause.—The immediate cause is no doubt the entrance of a poison
into the blood, and since pyogenic micrococei have been found in
the wound, the thrombosed veins leading from the wound, in the
blood, the tissues, and the metastatic abscesses, it is now held that
these organisms are essential factors in the production of the con-
dition known as pysemia. There are no specific bacteria of either
septiciemia or pyswemia. The same organisms are found in both.
Pywemia, however, is seldom developed except where the patient is
exposed to unfavourable hygienic conditions, amongst which may
be especially mentioned overcrowding in ill-ventilated and badly-
drained hospitals, particularly where a large number of suppurating
and foul wounds are congregated together in the same ward :
whilst the general debility induced by insanitary dwellings, poor
living, town life, and the abuse of alcohol, in that it Iuwe}'s the
resisting power of the tissues, further predisposes to the disease.
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Pycemia is generally developed in connection with a wound which
has reached the stage of suppuration and has not been properly
drained and kept aseptie. It is probable, ther_ef{}rq, that the septic
products entering the system with the pyogenic micrococel further
lower the resisting power of the tissues. The micrococei, most
frequently streptococei, having gained admission to the wound, and
probably having already produced a condition regarded as septi-
ceemia, infect the thrombi, filling the veins leading from the
wound, and are carried away with detached portions of the thrombi
mnto the venous circulation. The emboli become lodged in the
capillaries of the tissues and organs, and being infected with the
pyogenic organisms from the wound, set up suppuration in the tissues
around the vessels in which they lodge. In other instances it is
believed that pyogenic mierococei may so multiply in the circulation
or enter it in such masses that they are sufficient in themselves,
without the presence of any clot, to plug the small vessels, and
here in like manner cause secondary suppuration.

There appear to be, therefore, two chief elements at work in
pywmia, the pyogenic cocel giving rise to the disseminated sup-
purations, and the toxins developed in the wound and generated
by the cocci themselves, poisoning the whole system. Pymmia
18 especially common after wounds involving bone, owing to the
liability of the large patulous veins of bone to become filled with
purulent thrombi, portions of which are readily carried away by
the blood-stream. Hence the frequency of pysemia after injuries
of the cranium involving the diploé, compound fractures, amputa-
tions, and excisions, when antiseptics and drainage are neglected.
Again, the poison may be developed in retained portions of the
placenta left after childbirth, and may then enter the blood by
infecting the thrombi in the uterine veins. Or it may be formed
in connection with operations on the genito-urinary tract, on
account of the difficulty of keeping such wounds aseptic. Pysemia,
moreover, 1s especially frequent after infective osteomyelitis and
infective periostitis, even before the suppurating cavity is opened
and exposed to the outer air. Tt may also oceur in connection with
erysipelatous wounds, diffuse cellulitis, and hospital gangrene, and
sometimes after gonorrheea, ulceration of the intestines in typhoid
fever and dysentery, and ulcerative endocarditis. Very occasionally
pyw®emia follows the most trivial operation or injury, as the sub-
cutaneous division of a tendon or a portion of fascia. Here it is
probably the result of the introduction of micro-organisms at the
time of the operation. At times no local source of infection can be
discovered ; the disease is then spoken of as idiopathic Pyfemia,
and it is believed that the pyogenic micro-organisms gain admission,
as in infective osteomyelitis, periostitis, and ulcerative endocarditis,
through a mucous surface (see above).

Ww. L
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Pathology.—The post-mortem appearances are similar to those in
septiceemia, plus purulent collections in one or more situations, or
disseminated through the body as multiple small abscesses. Thus,
there is the same rapid tendency to putrefaction, disintegration of
red blood-corpuscles, staining of the vessels and tissues, minute
extravasations (pefechice) beneath the serous membranes and in the
skin, congestion of the viscera, enlargement of the spleen, and in
many cases the presence of micro-organisms in the blood and various
tissues and organs. The body is emaciated and the skin yellowish
and earthy in appearance.

The purulent collections may be found in the serous cavities, in
the viscera, in the joints, and indeed throughout the body generally,
There may be one or more moderate-sized collections of pus; or an
organ, as the lung, may be riddled by a number of small abscesses

varying n size from a peato anut. The visceral
] abscesses are most common in the lungs, then
f in the liver, and next in the spleen, kidneys and
| brain. They are situated in the periphery of
the organs, i.e., in the situation of the terminal
arterioles. Where, however, pysemia follows a
lesion of the rectum, the abscesses are generally
found in the liver, since most of the blood from
the rectum passes first through that organ. The
pus is sweet, rarely feetid, and may resemble
ordinary pus, or it may be thin and watery.
Fig. 43.—Throm- It always contains pyogenic micrococei. When
bosed vein. The there is a wound it is usually found unhealthy
thrombus is seen  ,1q  syrrounded by an inflammatory area;
projecting from . :o00000ci are present in it. The veins leading
the smaller into i : : :
the larger vein,  irom the wound are usually filled with thrombi,
which are generally, though not invariably,
undergoing purulent softening, and then contain micrococei.
Where the pyzemia has originated in mfective osteomyelitis, infec-
tive periostitis, or in a wound involving bone, the veins in the
medulla of the bone, and those leading from the bone, are usually
also found filled with purulent thrombi. If the affected veins are
followed towards the heart, the end of the thrombus will often be
seen projecting into the blood-current in the larger vein at t‘he
spot where the smaller joins it (Fig. 43). Lastly, coccus colonies,
i.e., collections of micrococel, are found in the various tissues and
organs.

i&mnsidm*utinn of the above morbid appearances makes it appear
probable that the metastatic abscesses may be produced in several
ways: 1. Thrombosis of the veins leading from the wound is set
up by one or more of the conditions that commonly produce
thrombosis, such as suppuration around a vein, an abscess breaking
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into a vein, death of the part from which the vein runs, &e. The
thrombus becomes impregnated with the septic products forming
in the wound, and with the pyogenic micrococei introduced from
without. The septic and infeetive changes extend up the thrombus ;
portions of the thrombus where it projects into a larger vein are
detached by the force of the blood-stream in the larger vein (see
Fig. 43), and are carried away in the blood, and become lodged in
the capillaries of the lungs or, possibly, escaping through them,
in the capillaries of other parts of the body. These emboli,
being of a septic and infective nature, instead of leading to the
changes which follow ordinary embolism, give rise to septic and
infective inflammation terminating in suppuration and abscess
(primary embolic abscesses). 2. Masses of micrococei which have
gained entrance either directly through a wound, or indirectly
through a mucous membrane, as in the case of infective periostitis,
osteomyelitis, &c., are carried from the primary seat of disease by
the lymphaties or blood-stream, and become lodged in the capillaries
of the various tissues and organs. There blood-corpuscles aggregate
around them, thus forming a thrombus, which softens and sets
up infective inflammation and suppuration. 3. Portions of the
softened thrombus in the lung-capillaries become detached, and
are carried by the blood-stream to other parts of the body, where
they in turn form emboli, which also set up similar infective
inflammation and suppuration (secondary embolic abscesses). 4. The
diffuse purulent collections in the serous and synovial cavities are
thought as a rule to depend upon the poisoned condition of the
blood and the presence of micrococei, not upon emboli. 5. In
other instances, again, an infective or ulcerative endocarditis may be
first produced in the manner previously deseribed, and the vegeta-
tions on the cardiac or aortic valves give rise to septic emboli.
Metastatic abscesses in the lungs are doubtless due to septic emboli
carried there from the right side of the heart. In many cases
secondary foci are not found elsewhere, and in others metastatic
abscesses are found both in the pulmonary and systemic vascular
areas. In the latter case the infection carriers must have been dis-
seminated by the systemic cireulation, eitherafter an ulcerative endo-
carditis has first been produced, or, without this, by mMICro-organisms
passing through or from the lungs into the left side of the heart
in sufficiently large masses to plug the smallest vessels. 6. Again,
organisms, as mentioned above, may enter the circulation from the
seat of infection; they may then multiply in the blood, so that a
general haemic infection results; or they may for some reason or
another be carried away without producing a general hsemic infec-
tion, but may lodge and grow in some internal or peripheral part,
arrested there probably by some slight local lesion, and may here
produce a suppurative metastasis. Unless there is an infective
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endocarditis, or a general heemic infection, no organisms will be
found free in the circulation. 7. A special form of pymmia is
hepatic or portal pyszemia. The liver does not, as a rule, participate
n the general dissemination of suppurative foci, unless the seat of
infection is situated in the portal vascular area, as, for instance, in
the intestinal mucosa or the vermiform appendix,

The symptoms usually set in with a rigor, generally a severe one,
during which the temperature rises to 103°, 104°, or even higher,
Profuse sweating follows. The rigors are repeated from time to
time. The temperature chart represents the same series of long up
and down strokes characteristic of hectic fever, only differing in that
the morning temperature in pysemia seldom reaches normal. The
pulse is quick; the tongue is red or glazed, and later, dry and
brown ; wasting rapidly sets in: the skin often assumes an earthy
or jaundiced hue: the face is anxious, perhaps flushed, or pale;
extravasations from the capillaries of the skin oceur, producing
petechize; and other eruptions, though less common, as patches of
erythema or purpura, may appear from time to time, with aphthae or
ulceration of the fauces. The breath and the exhalations of the body
have a peculiar sweet odour, and albumen may be found in the urine.
At about the end of a week metastatic abscesses form in various parts,
as the lungs, liver and joints; or diffuse suppuration may be set up
in the serous cavities, and signs of pericarditis, pleurisy, or peri-
tonitis ensue. Diarrheea sets in, then delirium, and the patient
dies exhausted usually during the second week. In the meanwhile,
the wound, if one exists, is generally foul and suppurating, though
later it may become dry and cease to form pus: in some chronic
cases, which are rare, however, the wound may heal. The prognosis
is extremely unfavourable ; acute cases are always fatal, each rigor
making the chance of recovery more hopeless. At times, however,
the disease may run a chronic course (chronic pyemia), differing
from the acute in degree rather than in kind. Thus the rigors are
less frequent or none may occur. The viscera, as a rule, are not
affected, and the abscesses show a special predilection for the joints.
The patient may die after some weeks, or may linger for some
months, or very slowly recover after one or more relapses, with
probably stiffness of one or more joints. Or he may subsequently
die of phthisis, albuminuria, or lardaceous disease.

Treatment.—Little or nothing can be done in the way of treat-
ment in acute cases, when once the pysemic process is fully estab-
lished, beyond supporting the strength by fluid nourishment and
stimulants, opening abscesses as they are formed, and placing the
patient under the most favourable hygienic conditions possible.
Measures should, of course, be taken to drain the wound and rendgr
it aseptic if this has been neglected. Quinine in large doses is
generally advised, but little must be expected from it. There is
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reason to hope, however, that in the early stages, when the disease
1s due to the streptococcus, the copious use of the anti-streptococeus
serum will be of service. In infective osteomyelitis and periostitis
amputation through the joint above the affected bone should be
done if pysemia appears imminent but has not fully declared itself.
As the pyzemia here is generally due to the Staphylococcus pyogenes
aureus, an anti-streptococeus serum is not of service. In chronic
cases, when convalescence has ensued, a sea-voyage or residence
at Aix-la-Chapelle or other suitable spa may be of benefit.
(GLANDERS 1s a specific infective disease common amongst horses,
and occasionally communicated to man by inoculation through a
wound or the unbroken mucous membrane. The virus is believed
to be a specific form of miero-organism, the Bacillus mullei, since
this bacillus after several cultivations retains the power of repro-
ducing the disease in the horse. The disease may run an acute or
chronic course. It is nearly always acute in man and chronic in
the horse. The acute form is characterized : (1) by a thin serous
discharge, rapidly becoming foul, purulent, and sanious, from the
nasal mucous membrane, with enlargement of the submaxillary
glands; (2) by a pustular eruption, resembling that of small-pox,
on the skin and mucous membrane of the respiratory and digestive
tract; and (3) by the formation of circumscribed nodules in the
lymphaties of the subeutaneous and muscular tissue, which usually
soon break down into abscesses and foul ulcers. These signs are
ushered in and accompanied by fever, which rapidly assumes a -
typhoid type, and is sometimes preceded by a rigor. Symptoms of
pueumonia or pleurisy, or vomiting and diarrheea ensue, according
as the respiratory or alimentary tract is chiefly affected, and
death usually takes place within a week from sapreemia, septiceemia,
or pysemia. In the chronic form the constitutional symptoms are
less severe, and the patient may lin ger for months, or even recover,
In the horse the disease is spoken of by veterinary surgeons as
“farcy” when the lymphatic vessels and glands are principally
| affected, the swellings opposite the valves in the lymphatics form-
ing the so-called ‘¢ furey-buds ;» and as glanders, when the disease
| falls chiefly upon the nasal mucous membrane. In man the two
| Processes generally oceur together as above deseribed.
T'reatment.—Beyond supporting the patient’s strength with con-
- centrated fluid nourishment, opening abscesses as they oceur,
. dressing the ulcers antiseptically, and syringing out the nasal
| chambers with antiseptic lotions, little or nothing can be done, as
| Do treatment appears to have been hitherto of any avail. It has
- been recently shown that a chemical substance (mallein) present in
the artificial cultures of the glanders bacilli produces no reaction
when injected into the tissues of healthy animals: but when
injected into the tissues of animals affected with glanders a
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decided rise of temperature takes place. A means of making an
early diagnosis is thus afforded, and by its use the disease might
probably be stamped out of infected stables,

E[_YHHDP]ZIEDBIA 1s a specific infective disease, always propagated
by inoculation, and probably due to a specific micro-organism.
It has received its name from the prominent symptoms which the
pharyngeal spasms produce. It is called rabies in dogs because 1o
fear of water is shown, and because in them there may be great
excitement. The disease is generally received by man from the dog,
oceasionally from the wolf, and more rarely from the cat or fox, and
by these animals it may be given to horses, deer, &c. The inocula-
tion 1s generally through a bite by which the saliva containing the
virus reaches the lymphatics. At times it has occurred through a
scratch which has been only licked by the affected animal, and once
through making a post-mortem examination on a subject who had
died of the disease. Of all persons bitten by rabid animals, about
15 per cent. only suffer from the disease, a fact which probably in
chief part depends upon the saliva being wiped off the teeth as they
pass through the clothes. The most dangerous wounds are those
on the face and hands, and on the bare legs of children, the average
mortality of bites on the face being as high as 60 to 80 per cent.
Multiple and lacerated wounds are naturally most to be feared, as
inoculation in them is more likely to take place. Also the nearer
the bite is to the central nervous system, the more easily and
rapidly does the poison reach the brain and begin to take effect.
Indeed the only certain method of producing the disease in animals
is by inoculation under the dura mater. It was the discovery of
this fact which led M. Pasteur to make his investigations.

The average period of incubation varies from two weeks to six
months, Although it is said that the incubation period has been as
short as two days, and as long as twenty years, two weeks to two
years may practically be given as its imits. Thereare no symptoms
during this period. The vesicles or lysste said to occur under the
tongue from the third to the ninth day after the bite do not appear
to be a constant phenomenon. The virus has no influence on the
healing of the wound, the bite of a mad dog healing like other
wounds, either by first intention, or, if the tissues are badly
lacerated, slowly and painfully.

Seeing therefore that there are no symptoms during the incuba-
tion period, and that in the early stages of rabies there are no
naked-eye post-mortem signs, the only way of ascertaining if the
bite is that of a mad dog is to watch the animal. If the dog is killed
at once the patient will suffer much mental anxiety. ITe must wait
for three weeks before the point can be determined by inoculation
experiments on rabbits, or he may undergo Pasteur’s treatment
unnecessarily. Moreover, to wait three weeks may be too late for
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wounds of the face, TEvery suspected dog, therefore, should be con-
fined in a strong cage. If mad he will show advancing symptoms,
and die in three or four days. It is important, therefore, to
recognize the symptoms of rabies in the dog.

Symptoms of rabies.—The earliest symptoms are restlessness,
dulness, and a tendency to shun the light. The dog often roves
far and wide, and has a morbid appetite for pieces of stick, hay,
stones, &e. In the next stage he may rush wildly about, biting
other dogs, inanimate objects, or men, frequently those to whom
he has been previously attached. The appetite is lost; there is a
desire to drink, and the muzzle is put into the water, but none is
taken. Finally he becomes paralyzed, the lower jaw begins to
drop, the bark changes to a characteristic hoarse howl from pharyn-
geal paralysis; next the limbs fail, and finally the muscles of
respiration. Sometimes, however, advaneing paralysis is the only
symptom, the power of barking being then lost. This form of the
disease 1s called dumb rabies.

Post-mortem signs of rabies—The stomach contains hay, sticks,
stones, &e., and its mucous membrane is congested and scattered
over with small heemorrhages. The trachea 1s congested and may
also be dotted over with small hsemorrhages. The nervous system,
especially the cord and medulla, show signs of acute myelitis. This

- begins with an exudation of leucocytes into the sheaths of dilated

vessels, then hecemorrhage, and finally softening. If a portion of
the medulla or cord is required for inoculating purposes, a piece
should be placed at once in a 20 p.c. solution of glycerine and kept
there for three or four days to kill septic micro-organisms; an
emulsion is then made and a drop or two injected under the dura
mater of a rabbit, which will die in from eighteen to twenty-one
days, showing first excitement and then paralysis of the hinder
limbs, extending later to the fore-limbs and head.

Pathology of hydrophobia.—The principal post-mortem changes
have been found in the medulla, especially about the region of the
glosso-pharyngeal, pneumo-gastric and hypo-glossal nuelei, and
in the cerebral cortex. They consist in the infiltration of the peri-
vascular sheaths with leucocytes, thrombosis of the medium-sized
vessels, small hwemorrhages, and degeneration of the nerve cells:
i short, as in animals, of an acute myelitis. The theory now
generally held with regard to the pathology of the disease is that
the poison, after remaining for a variable time dormant in the
wound, multiplies or matures; and then that either it or its pro-
ducts slowly enter the blood and set up a specific inflammation in
the medulla and cerebral cortex, whereby their power of resistance
to reflex irritation is diminished or lost. Hence the occurrence of
the spasms on the slightest provocation. Finally, that should the
patient not suceumb to spasm of the glottis or muscles of respiration,
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the affected nerve-centres become exhausted and no longer respond
at all to the reflexes necessary to carry on life, and the heart’s action
In consequence ceases. The nature of the poison is not known,
though the belief is gaining ground that the disease depends in
S0Ie way upon a micro-organism, since rod-like bodies have been
discovered in connection with the hemorrhagic lesions in the cere-
bral cortex, and a micro-organism has been isolated by inoculating
fowls with the virus taken from rabid animals,

Symptoms of hydrophobia.—At first there may be pricking pain,
perhaps some redness and tumidity, at the site of the wound, which
has generally long since healed. The patient, if an adult, has often
much mental anxiety, and with the onset of the symptoms may
become melancholic. As the disease becomes fully developed the
symptoms point to disturbance in the medulla, especially about
the centres for deglutition and respiration. Thus there is Increas-
ing difficulty in swallowing in consequence of pharyngeal spasm,
and a peculiar click in respiration in consequence of spasm of the
diaphragm. The pharyngeal spasms are at first only excited by
attempts to swallow, but subsequently the sight of water and the
sound of its trickling from one vessel to another, a blast of cold air,
or a sudden light, is sufficient to set them up. Swallowing is now
quite impossible, and viscid saliva is forcibly hawked up and expec-
torated about. The spasms, which begin in the pharynx, extend to
the muscles of respiration and then become general ; the pain is
agonizing and the patient may have hallucinations or violent
delirium, but often remains sensible of his dreadful condition to
the end. Paralysis finally ensues, and death usually occurs from
involvement of the respiratory muscles. The spasms sometimes
diminish as the paralysis advances, and the patient may sink into a
delusive calm, during which the power of swallowing may be
regained. Sometimes the chief symptom throughout is advancing
paralysis. Such cases resemble dumb rabies of dogs.

Death may be due in the earlier stages to spasm of the glottis or
muscles of respiration ; later to paralysis of the muscles of respira-
tion or to exhaustion.

Diagnosis.—The intermittent character of the spasms (clonic spasms),
the hallucinations, and the escape of viscid saliva from the mouth,
will generally serve to distingnish hydrophobia from tetanus follow-
ing the bite of a dog, and from false or hysterical hydrophobia.
In the latter case, too, the convulsions will cease if the patient is
put under chloroform, _

The prognosis when the disease has once flevela]md_ 18 hopeless,
There 1s no authentic case of recovery from hydrophobia. plee

T'he treatment may be divided into the preventive and palliative.
Preventive treatment.—If the patient is seen immediately after the
bite, we should endeavour to remove the poison from the wound, or
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else destroy it. This may be attempted by suction, a procedure
which appears to be quite safe provided there is no erack or abrasion
about the lips or tongue; or if at hand, a cupping-glass may be
applied. The parts should afterwards be exeised or thoroughly
cauterized, the best caustics being nitric acid, nitrate of silver,
caustic potash, and pure carbolic acid. It has been advised that if
the wound has already healed when the patient is seen the cicatrix
should be cut out; but it is more than questionable if this pro-
cedure 1s of any value, especially as it appears that if inoculation
by M. Pasteur’s method is resorted to before symptoms come on,
the disease may be effectually prevented from developing.

Pasteur’s treatment.—This consists in obtaining a virus of fixed
strength and then attenuating it so that it can be safely inoculated.
To obtain the fixed virus the disease is transmitted through a series
of rabbits, the period of incubation becoming less and less as the
virus increases in intensity, till, after passing through upwards of
eighty rabbits, the period of inoculation is found to be constant
and the virus of maximum intensity. A rabbit inoculated with
this fixed virus always develops symptoms on the seventh day and
dies on the tenth. To attenuate the virus a portion of spinal cord
of a rabbit inoculated with the fixed virus is suspended in a
sterilized bottle over caustic potash. As the cord dries the virus
becomes less virulent, so that after two days’ drying a rabbit
moculated with it dies in from 11 to 17 days; after 7 days’ drying
from 23 to 29 days ; after 11 days’ drying from 30 to 35 days; until
after 12, 13, or 14 days’ drying, its virulence is completely lost. An
emulsion is made of 0'5 centigrams of spinal cord in 2 cubic centi-
metres of sterilized beef-tea, and a drop or two is subcutaneously
injected under the skin of the abdomen or flank. The cords are
used in an ascending series from the fourteenth or fifteenth day of
drying upwards, until on the ninth day of treatment a cord which
has been dried for only threedaysisused. The treatment is continued
for 16 days. The above is known as the Simple method. For face-
bites a more rapid method has been found necessary to prevent the
disease. In this, which is called the Infensive method, a cord of
only three days’ drying is used on the sixth day, and the treatment
1s continued with two days’ intermission until the twentieth day.
This method, however, appears to be somewhat dangerous, a few
patients so treated having died with symptoms of the paralytic form
of the disease similar to that induced in animals by inoculation,

Palliative treatment.—When hydrophobia has sufmwened, all that
can be done is to relieve symptoms. Thus the patient should be
placed in a darkened room, and every source of irritation that
may cause spasm avoided. Opium and morphia should also be
given for the same purpose. Chloral, chloroform, eserine, pilo-
carpine, curare, and many other drugs have been given; but all
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are useless, and some, as chloroform and curare, are not unattended
with danger,

TETANUS is a disease in which the voluntary muscles are thrown
from time to time into a state of intense spasm, whilst they remain
mn the intervals in a condition of constant contraction (tonic spasm).

Cause.—Tetanus was formerly attributed to a lesion of the
peripheral nerves ; but it is now known to be a toxic infection,
depending upon a specific virus generated by the growth of
the tetanus bacillus. It is especially prevalent in hot climates,
and amongst the negro races; it occurs more often in men than in
women, and in military than in civil practice. It is especially
common after lacerated and punctured wounds and burns; but it
has been met with after every kind of wound, from a mere scratch,
or the ligature of a pile or the umbilical cord, to amputation of the
thigh or other capital operation. Tetanus, however, has been more
often observed when the wound, whatever its cause and character,
Is in a septic condition. Exposure to cold, damp, and sudden
changes of temperature were be-
lieved to influence its production,
and where tetanus oceurs, as it
sometimes does, without an appa-
rent wound, were regarded by
some as the essential cause. It
would appear, however, that such
conditions merely act as depress-
ing agents, and that the micro-
organism in these cases gains
admission through a scratch or
abrasion which has been over-
looked.

Tetanus is inoculable from animal
to animal, and probably from
animals to man, since a veterinary
surgeon has lately died of tetanus after making a post-mortem
examination of a horse dead of the disease.

Pathology.—But little is discoverable on post-mortem examination.,
At times the nerves leading from the wound have been found con-
gested, at other times unaltered in appearance. Hyperwemia of the
medulla and cord, exudation in and degeneration of the grey
matter, and heemorrhages in the white columns, have been noted
in some cases; whilst in others nothing abnormal in the nerve-
centres has been discovered. The modern view of the pathology of
tetanus is that it is a toxic infection due to a specific virus which
affects the medulla and cord in a way similar to strychnine. The
virus (fefanin, tetano-towin) is a chemical compound, but according
to the researches of Vaillard, Vincent, Brieger and others, is neither
an alkaloid nor an albumose, but is allied to snake-poison or an

Fig. 44. —The tetanus bacillus,
% 1,000. (After Sternberg.)
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exzyme. It is generated in a wound by the growth of the tetanus
bacillus. It is only within recent years that an absolutely pure
culture of the bacillus has been obtained by Kitasato, but since then
its cultivation has become easy (Fig. 44). The bacillus occurs as
long delicate threads with slightly rounded ends. When sporing,
these threads break up into short rods which usually develop a
spore at one end, giving them a drumstick shape. It is anserobie,
and hence rapidly loses its virulence on exposure to air. Its special
habitat would appear to be ordinary earth, thus serving to explain
the frequency of tetanus in the wounded who have been allowed to
lie on the ground after battles. It has been found in the surround-
ings of horses, the floor of stables, and in soil taken from beneath
the floor of hospital wards in which cases of tetanus have occurred.
The bacillus only exists in the soil or in the wound ; not in the blood
or nervous system. The bacilli proliferate or grow only at and
around the site of inoculation, and do not spread into the blood or
invade the organs ; again, they do not survive long in the wound,
for a few days after infection they cannot be discovered either micro-
scopically or by artificial cultivation. The baecilli manufacture a
toxin, which is absorbed, and passing along the perineural lymphatics
reaches the spinal cord, and acting on the motor cells produces the
characteristic spasms. Cutting out the nerves of a limb of an
animal which has been inoculated in that limb, delays the onset of
tetanus considerably, and thus a former method of treatment, the
excision of nerves, finds some pathological support. Experimentally
all the symptoms of tetanus can be produced by injections of the
germ-free toxins of tetanus cultures. The toxin does not eause
spasms immediately after inoculation, and with small doses it may
require days before any appear. In experimental animals the
spasms become apparent first in the muscles nearest the seat of
inoculation. It is curious that animals may be carefully inoculated
with large doses of toxin-free spores or bacilli without contracting
tetanus, while a few such spores or bacilli inoculated together with
other organisms, such as the Bacillus coli communis or pyogenic cocei,
will readily produce tetanus. Clinically, also, tetanus complicated
by septic or suppurating wounds is severer than tetanus associated
with a slight or clean wound. The tetanus toxin can frequently be
found in the blood both during life and after death, and is not
eliminated to any appreciable degree by the urine.

The symptoms usually begin by a feeling of stiffness in the
muscles of the neck; the patient complains that he is unable to
open his mouth widely (#rismus), and that his throat feels sore on
swallowing. On examination, the muscles of the neck, the mas-
seters, and perhaps the abdominal muscles, are found hard and
nigid, and the face presents a characteristic expression from the
angles of the mouth being drawn slightly upwards by the contraction
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of the facial muscles, Later, other of the voluntary muscles,
especially those of respiration, become affected, and distinet spasms,
attended with severe pain and varying in duration, oceur from time
to time. The spasms are induced by the slightest irritation, a
breath of air, the least noise, the merest touch, and the remissions
become shorter, or only partial, as the disease is fully established.
During the spasms fhe face assumes an expression of intense
anguish (visus sardonicus), the respirations and pulse are quickened,
and the body is variously contorted. Thus, when the spinal
muscles are chiefly affected the back becomes arched, so that in
severe cases the patient rests only on his head and heels (opistho-
tonos) ; more rarely the body is bent forward, being rolled up as it
were like a ball (emprosthotonos) ; whilst still more rarely it may be
drawn to one or other side (pleurosthotonos). The skin is bathed in
perspiration, the urine concentrated and high-coloured, and the
bowels obstinately confined. The temperature may remain normal,
or be but slightly raised ; though sometimes shortly before death
it runs very high, and has been known to register 112° Fahr, The
patient is unable to sleep, but the intellect continues clear to the
end. Death may occur from spasm of the glottis, spasm of the
respiratory muscles, or from exhaustion or syncope. Recovery
hardly ever takes place when the symptoms are acute, but if the
patient survive till the twelfth day the prognosis is more favourable,
and becomes more and more so every day.

Varieties,—Clinically several forms of tetanus may be recognized.
In trawmatic tetanus a wound is always found, which may be no more
than a mere scratch or puncture, or a severe suppurating or septic
lesion. In idiopathic or rheumatic tetanus no wound is visible, but it
1s erroneous to assume that infection has taken place without a breach
of surface. Tetanus neonatorum occurs in new-born infants, the
umbilical cord being the seat of infection ; tetanus puerperalis in
lying-in women, the bacilli being carried generally through negli-
gence to the raw uterine surface. Cephalic tetanus follows an injury
of the face or head, and is characterized by the presence of facial
paralysis. From a prognostic point of view it is important to
distinguish between acute and chronic forms of tetanus. A case
1s acute if («¢) the incubation is short, under seven days, and
(b) the onset of general spasms quick, twenty-four to forty-eight
hours; it is chronic if («) the incubation is prolonged, eight to
fourteen days, and () the onset of general spasms delayed or absent.
The general mortality of tetanus is about 45 to 50 per ceqt, that
of acute cases being about 80 to 90 per cent., and of chronic cases
15 to 20 per cent. :

Diagnosis.—From stryehnine poisoning and hydrophobia, tetanus
1s distinguished by the spasms being of a tonic instead of a
clonic character, and further from hydrophobia by the absence of




TETANUS, 157

- hallucinations and the discharge of viscid saliva, signs which are

characteristic of that affection. _
T'reatment.—Hitherto the treatment has consisted in attempting
to tide the patient over the first few days in the hope that the
affection might become less acute and gradually wear itself out.
Thus little or nothing could be done beyond supporting the strength
with fluid nourishment, administered by the rectum if the patient
is unable to swallow, and preventing the spasms as much as
possible by the most absolute quiet, the avoidance of all sources of
irritation, the employment of such sedatives as chloral or opium,
and relieving the constipation by purgatives and enemata. Curars,
Indian hemp, Calabar bean, eserine, and numerous other drugs
internally, and subcutaneous injections of carbolic acid (ith of a
grain), paraldehyde, pilocarpine and urethane, have all had their
advocates, and cases have been reported in which success was
attributed to their use. The treatment of tetanus, however, has
through the recent researches of Behring, Kitasato, Tizzoni, Cat-
tani, Roux, Vaillard and others, been placed on a different footing,
and the injection of the tetanus antitoxin, with the excision of
the wound, although success has not yet been met with in any case
that might not possibly have otherwise recovered, may be looked
upon as the only rational treatment. It has been found by these
observers that the blood serum of animals rendered highly immune
to tetanus by previous injections of the tetanus-poison (fefano-
toxin) taken from artificial cultures of the bacilli, possesses the
power when injected into another animal of destroying the toxic
properties of the tetano-toxin, or of conferring immunity on the
animal even though twenty or thirty times the amount sufficient
to kill be injected. In an ordinary case of tetanus, however, the
injection of the antitoxin is not sufficient, in that fresh doses of the
poison are continually being generated by the bacilli in the wound
and absorbed into the system. On the earliest signs of tetanus,
therefore, the wound should be freely excised or amputation per-
formed before the antitoxin treatment is begun. The antitoxin

should be injected subcutaneously into any part of the body,

preferably the abdominal walls or the inner part of the thigh.
The dose will depend upon the severity of the case, the period of
the disease at which the treatment is begun, and the quality of the
antitoxin used. It must be large if the case is severe and if treat-
ment has been delayed for some days after the symptoms have
come on ; butresults with the antitoxin as at present manufactured
have not been good. Moreover, it must be remembered that the anti-
toxin 1s an immunizing and not a curative agent, hence it should be
employed on the earliest appearance of the disease, In preparing and
injecting the antitoxin, care must be taken that it does not come into
contact with chemical antiseptics or heat, since both impair its action.
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SECTION IIT.
INJURIES OF SPECIAL TISSUES,

INJURIES OF BONES,

FRACTURES.—A fracture may be defined as a sudden and foreible
solution of continuity in a bone, ;

The Causes of fracture are predisposing and exciting, 1. The
predisposing causes may be enumerated as senile atrophy, atrophy
from pressure or disuse, fatty degeneration, rickets, fragilitas
ossium, osteomalacia, osteomalacia carcinomatosa, locomotor ata :
tubercle, syphilitic gummata, caries and necrosis, hydatid cysts,
and malignant growths; in brief, any condition rendering the bone
unusually fragile, to which may be added the male sex as more
frequently exposing to violence. The exciting causes are either
external violence or muscular action. (@) Euternal violence may be
direct or indirect. In fracture from direct violence the bone 18
broken at the spot where the violence is applied. Such fractures
are usually attended with more serious consequences than fractures
from indirect violence, since the soft parts are, as a rule, much
injured, and the fragments comminuted or fissured, and, perhaps,
driven into important organs, as the lung in fracture of the 11ibs,
or the brain in fracture of the cranium, &c. In indirect violence
the fracture occurs at a distance from the spot where the violence
is applied, as, for instance, a fracture of the clavicle from a fall on
the arm. The bone usually breaks at its weakest spot, and the
fracture may be rendered compound from the fragments, which are
often sharp and irregular, being driven through the soft parts.
Fracture from indirect violence is most common in the bones of
the extremities, and the base of the skull. (b) Muscular action,
except in the case of the patella, is not a common cause of fracture.
When the long bones are broken in this way, they are usually the
seat of some of the affections mentioned above as predisposing causes.
When a bone infiltrated with a malignant growth, or softened by
osteomalacia, breaks from very slight violence, the fracture is said
to occur spontaneously.

Varieties of fracture.—A fracture is said to be simple when the
skin covering it is not broken; compound when a wound through
the skin and soft parts leads down to the seat of the fracture.
Whether simple or compound, fractures ave further spoken of :—
1. According to their extent, as :—complete, when the bone is broken
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uite across; incomplete or greenstick, when partially broken and
partially bent; comminuted, when broken into several pieces; and
multiple, when two or more distinct fractures occur in the same
bone, or in different bones. 2. According to the condition of the
fragments, as:—impacted, when one fragment is driven into
another; fissured, when there is a mere crack through the bone
without displacement ; depressed, when one fragment is pressed in
below the surface, as in some fractures of the cramium ; punctured,
when there is a small perforation with driving inwards of the frag-
ments; and splintered, when only a fragment of bone is chipped off.
3. According to the line of fracture, as :—trunsverse, obligue, spiral,
longitudinal, Y- or T-shaped, and stellate, terms which sufficiently
explain themselves. A fracture, moreover, is said to be complicated
when associated with other injuries, as rupture of the main artery
of the limb, implication of a large joint, &e.

Displacement of the fragments, especially in the bones of the limbs,
commonly oceurs, except the fracture is transverse, when, as in the
case of the tibia, there may be little or none. The causes of the
displacement may be enumerated as :—1. The weight of the limb
acting on the lower fragment ; 2. Muscular contraction ; and 3. The
violence producing the fracture. The amount of displacement will
depend in part on the direction of the line of fracture, and in part
on whether the periosteum is or is not torn. Thus the displacement
is usually considerable when the fracture is oblique, insignificant
when transverse, especially if the periosteum is intact. The dis-
placement is spoken of as angular, lateral, longitudinal, and rotatory,
according to the direction which the fragments bear to each other.

Signs.—Before examining for fracture, an accurate history of the
accident should, if possible, be obtained, since much light may thus
be thrown on the nature of the injury. The elothes should then be
carefully removed, and the parts handled tenderly, lest a simple
fracture be converted into a compound by a sharp fragment being
driven through the skin. Thus, in the case of the leg, the boot
should be cut off, the trousers ripped up the seam, and the stocking
split with scissors. The injured side should always be compared
with the sound side. The general signs of fracture are -—1. Altera-
tion in the shape of the part; 2. Swelling; 3. Impairment or loss
of function; 4. Preternatural mobility; 5. Shortening; 6. Pain :
1. Crepitus; 8. The sensation of a sudden snap or giving way of
the bone experienced by the patient. No one of the above signs
alone, except crepitus, is absolutely diagnostic of fracture ; and
crepitus itself, when the fragments are impacted and when the
fracture is of the greenstick variety, may be absent, or may be
simulated by joint-crepitus, effusion into the sheaths of tendons,
emphysema, and by the grating of osteophytes in chronic osteo-
arthritis, True crepitus, however, having been once felt, can
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hardly afterwards be mistaken: it is readily distinguished from
false crepitus by its harsher and more grating character. The
shortening may be natural or due to some previous injury or disease,
as a former fracture, osteo-arthritis, &e. ; shortening also oecenrs
in dislocation. Tncreased mobility may not be Present, as when a
fracture is firmly impacted. Pain may, of course, oceur from causes
other than fracture: it may often be elicited in fracture when
crepitus cannot be obtained. Swelling, loss of function and alteration
in the shape of the part may be present in other injuries, but are
useful signs in some forms of fracture. Too much weight, it need
hardly be said, should not be given to the patient’s sensations, as a
snap or feeling of the bone giving way may occur in rupture of a
tendon or ligament,

The Diagnosis is often difficult, especially :—1. When the fracture
1s near, or extends into, a joint, owing to effusion of blood or 8yno-
vial fluid into the joint-cavity. 2. When there is great extravasa-
tion of blood, or later, effusion of inflammatory products about the
fragments. 3. When the fracture is transverse, and there is no
displacement, especially if the fragments are held in position by a
companion bone, as the fibula in fracture of the tibia. 4. When
the fracture is subperiosteal. Tn the cranium, a simple uncom-
plicated fissured fracture cannot be diagnosed. In doubtful cases of
fracture much aid may often be obtained by means of the = rays.

How to obtain crepitus.—Grasp the limb firmly above and below
the suspected fracture, and when there is shortening, make exten-
sion to bring the rough surfaces into contact. Then gently attempt
to move the lower on the upper fragment. Having once assured
yourself that erepitus is present, desist from vour manipulations,
as they not only give the patient pain, but injure the soft parts. In
some cases, as in fracture of the neck of the femur, where the
nature of the injury from the presence of other signs is quite
obvious, crepitus should not be sought lest an impacted fracture
be rendered non-impacted and afterwards remain ununited, or the
periosteum uniting the fragments be torn, and a like result ensue.,

The method of union is similar to that which occurs in the healing
of a wound of the soft parts by the first intention. Blood is at first
extravasated between and around the fragments (Fig. 45). Then
quickly follows a simple traumatic inflammation ; the periosteum
and adjacent soft tissues, together with the medulla, become infil-
trated with leucocytes, which have escaped from the vessels of the
inflamed periosteum, medulla, and bone, and by proliferating tissue
cells derived from these parts. The inflammation subsides in a few
days, leaving the fragments embedded in a mass of soft, red,
gelatinous material (granulation-tissue), derived from the leucocytes,
Iymphoeytes, endothelial cells, and proliferated tissue cells, but
according to some observers in part from the remains of the
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extravasated blood that has not been absorbed. This granulation-
tissue, which is called ecalfus, consists here, as in the union of soft
parts, of small round cells and of larger connective-tissue and endo-
thelial cells with a small amount of firm intercellular substance, and
delicate loops of capillaries, which are derived in part from the
vessels in the Haversian canals, and in part from the vessels in the
periosteum and adjacent soft tissues, Tt is found (1) replacing the
periosteum, and extending for some distance around the bone above
and below the line of fracture, forming a spindle-shaped tumour,
by which the ends of the fragments are surrounded, as it were, with
a ferrule (ensheathing or periosteal callus, Fig. 46, A); (2) replacing
the medulla for some little distance up and down the medullary
canal (internal or endosteal callus, Fig. 46, B); and later (3) between

F16. 45.—Diagram of the fragments a few hours after simple fracture. The
periosteum is torn and ragged, and separated from the bone for a slight
distance above and below the fracture. Blood is extravasated between the
fragments, in the medullary canal, and in the periostenm and other soft
tissues surrounding the fracture.

F1e. 46.—Diagram of the process of repair in simple fracture, A. Ensheath-
ing callus ; B. Internal callus ; 0. Permanent callus. Commencing ossifica-
tion of the ensheathing callus is indicated by the darker shading at the
angle between the periosteum and the bone.

the ends of the fragments (permanent, intermediate or definitive
callus, Fig. 46, ¢). The ensheathing callus and internal callus are
gradually organized into fibrous tissue, becoming harder and firmer,
and in animals, and, in some instances, in children, are converted
into cartilage or fibro-cartilage. The outermost layers of the
fibrous tissue into which the ensheathing callus is thus converted,
form a new periosteum. Ossification of the ensheathing eallus now
begins (twelfth to fifteenth day)—generally in the angle between
the periosteum and the bone, and extends along the surface of the
bone, where it is preceded by the formation of cells like osteoblasts,
and also along the surface of the ensheathing callus beneath the
w. M

w
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new periosteum, till the upper and lower layers of ossifying callus
meet opposite the line of fracture, Ossification of the internal
callus goes on in a similar way, but begins a little later. Permanent
callus, as soon as the ends of the bone are thus fixed by the en-
sheathing and internal callus, is formed between the ends of the
fragments, and also undergoes ossification. It is probably derived
(1) from leucocytes and lymphoeytes which have escaped from the
vessels in the enlarged Haversian canals of the inflamed and softened
end of the fragments, and (2) from a pro-
liferation of the endothelium and cells of
the connective tissue lining these parts.
The ossified callus is at first very vascular
and porous, and can be easily stripped off
the old bone, but later it becomes hard
and dense, through the formation of new
bone in its blood spaces, and intimately
connected with the old bone beneath
it. Finally the ensheathing callus and
mternal callus, having discharged their
functions, are gradually absorbed, and
if the fragments have been held in good
apposition no sign of the fracture may
ultimately remain,

‘Where the ends of the fragments over-
lap, the ensheathing callus fills up the
angles (Iig. 47); and while the open end
of the medullary canal in each fragment

s is thus closed, its continuity through the
Fig. 47.—Fracture of the bone is restored by the absorption of the
femur with overlapping intl}r?ening walls of the contiguous and
fragments to show round-  gyerlapping fragments (Fig. 47). When
mg off of angles, and 4y o fragments are in good apposition, and
restoration of medullary . : ki
canal by absorption of &Y€ kel_:it at rest, little or no euhf:n,t ing
intervening bone. (St. callusis formed ; but when there is much

Bartholomew’s Hospital displacement, or rest is impossible as in

Museum. ) a fractured rib, or difficult to obtain as

i a fractured clavicle, a considerable

amount is produced, In children, even when the parts are kept

at rest and in good apposition, the formation of much ensheathing
callus is the rule. :

Treatment.—Here only the indications for treatment will be
pointed out. The particular methods will be given under Special
Fractures,

A. Treatmnent of simple fracture—The indications are—(1) to
reduce the fracture, that is, to place the fragments in apposition, so
as to restore as far as possible the bone to its normal shape; (2) to
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keep it in this position by properly applied apparatus till firm union
has oceurred ; (3) to promote the restoration of the normal functions
of the part; and (4) to attend in the meanwhile to the general
health and comfort of the patient.

1. The reduction, or as it is popularly called, the setting, of the
fracture, should not be undertaken until the apparatus into which
the limb is to be permanently placed is ready; but the fragments
should be temporarily fixed so as to prevent further injury, such as
a sharp fragment being forced through the skin. Thus, in the case
of the lower extremity, the injured limb may be bound to the sound
one, or secured by a handkerchief to an impromptu splint, such as
an umbrella or walking-stick ; or if the patient is not seen till he
is already in bed, the limb may be placed between sand-bags or
wrapped in a pillow. As a general rule, the fracture should be
reduced as soon as possible ; but where there is much swelling, the
part may remain wrapped in a pillow or secured by sand-bags till the
swelling has subsided. When the fracture is transverse, the frag-
ments will, as a rule, be but slightly displaced, and little as regards-
reduction will be required. In other instances, as when the line
of fracture is oblique, considerable trouble in bringing the fragments
into apposition may be experienced. The chief obstacles to be over-
come are (1) the contraction of the muscles, which are thrown into
action by the irritation of the fragments; and (2) the impaction of
the fragments, or the interposition of muscle or tendon between
them. The splint or other apparatus being in readiness, extension
in the case of fracture of a limb should be made on the lower frag-
ment, preferably, as a rule, through the intervention of the joint
below, Thus, in fracture of the forearm or leg, extension should
be made from the hand or foot respectively, whilst counter-
extension is applied at the same time to the upper fragment, also
preferably through the joint above. Whilst steady traction is thus
being made, the surgeon should gently manipulate the fragments,
and he should not rest satisfied till the symmetry of the part has
been as far as possible restored and the limb is found, both on
inspection and measurement, to correspond as near as may be with
the opposite side. In this position the parts should be held till the
apparatus for permanently fixing them has been applied. Where
great difficulty is experienced in reducing the fracture owing to
muscular spasm, the limb should be flexed or placed in such a
position as will tend to relax the opposing muscles, or if this does
not suffice an anwsthetic may be administered. At times the sub-
cutaneous division of a tendon may become necessary before the
fracture can be reduced. In some impacted fractures, as of the
neck of the humerus or femur, it may be advisable not to disturb
the fragments, as by so doing non-union, a worse condition than
unpaction, may result. The special methods of reduction which

M 2
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may be required for certain fractures will be given under Varieties
of Fracture.

2. To keep the fragments in apposition till union has taken place,
numerous contrivances have been invented. They may be said to
consist of splints, cradles, fracture-boxes, bandages hardened by
plaster of Paris, silica, paraffin, glue, or gum and chalk, and such
material as wire gauze, gutta-percha, poroplastic felt, and leather,
moulded to the individual case. In oblique fractures, where the
ends of the bone cannot be retained completely in apposition,
Lane advises that an incision should be made down to the bone and
the fragments secured by wiring.

The method of applying splints will be better learnt by three
months’ dressing in the wards than by any verbal deseription.
The points that should be chiefly attended to arve:—1. The splints
should be well padded. 2. Pressure should not be made over points
of bone. 3. Strapping or bandages should not be put on too tightly.
4. Circular constriction of the limb should be avoided. 5. The
splints where possible should reach beyond both the joint above
and the joint below the fracture. 6. The fracture should not, as a
rule, be covered with the bandage. 7. The patient should be seen
within twenty-four hours after the splints have been applied, as
swelling of the part is apt to occur, and the bandages thus become
too tight. 8. The part having once been properly secured in splints
should mnot needlessly be disturbed. 9. Should the fragments
become displaced from spasm of the muscles, steady extension as
by a stirrup, weight, and pulley will usnally overcome the difficulty.
10. The part below the fracture may sometimes be bandaged with
advantage to prevent cedema. :

After the splints have been applied, if the surgeon has any doubt
as to the fragments being in proper apposition a skiagraph should
be taken, with the part in the splints. If the reduction does not
appear to be satisfactory the splints should be removed and the
fracture re-set. The time the splints should be kept on varies
greatly, and will be stated under each individual fracture. On their
removal the limb should be kept at rest for some time longer in
a plaster-of-Paris, gum and chalk, or other form of stiff bandage
till complete consolidation has taken place. At some hospitals the
fracture, if not severe, is placed at once in a plaster-of-Paris bandage
or plaster-of-Paris splints (Bavarian splints). If this or other
similar material is used, the limb should be well padded with cotton-
wool, the toes or fingers left exposed, the joints above and below
included in the bandage, and the limb subsequently raised. The
patient should be visited a few hours after the plaster of Paris has
been applied, so that should the circulation have become impeded
from swelling of the limb, the plaster bandage may be removed
before any serious damage has had time to ensue. The indications
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for at once removing, or for loosening the bandage by cutting it in
places are :—1, much pain ; 2, swelling ; 3, numbness; and 4, signs
of obstructed circulation in the fingers or toes. - A tight bandage,
it should be remembered, is more dangerous in the upper than in
the lower limb, because in the former most of the venous return is
by the superficial veins. Should the bandage become loose, it
must of course be removed, and reapplied. By some surgeons the
plaster splint in the case of the leg is so applied and strengthened
by strips of metal that the weight of the body is transmitted
through the splint from some prominence of bone above the fracture
to the ground below, and the patient is allowed at once to walk
about. The slight rubbing of the fragments in the movement of
the limb is believed to promote union, and the wasting of the
museles from the disuse following the ordinary treatment is avoided.
This method, which is known as the Ambulatory, is much employed
on the Continent.

3. To promote the restoration of the normal functions of the part,
physiological after-treatment is required. Thus it will often be
found after the apparatus is finally removed, especially if the
fracture is near a joint, that the joint is stiff, the tendons are more
or less glued together, and the muscles wasted and atrophied,
Under these circumstances shampooing, massage, electricity, frie-
tion with stimulating liniments, and passive movements of the
joint should be sedulously employed; but it is better to prevent
such troubles occurring by resorting to active and passive movements
and massage much earlier than has hitherto been the practice.
Indeed, they may be begun with advantage after the first week
except in fractures of the femur and humerus, Massage from the
first is recommended by Lucas Championniére in fractures in the
neighbourhood of joints.

4. The general health and comfort of the patient should not be
neglected. Thus if he is confined to bed, boards should be substi-
tuted for the ordinary webbing or steel laths of the bedsteads: the
sheets should be kept smooth; and bed-sores guarded against by
the use of water-cushions and by hardening the skin over prominent
points of bone with spirit lotions. Old people should not be kept
too long in bed, lest passive congestion of the lungs occurs. The
general health should be promoted by attention to the secretions,
regulation of the diet, and administration of sedatives to relieve
pain and promote sleep.

. UNUNITED FRACTURE AND FALSE JOINT.—An ununited fracture
15 one in which the fragments are either totally ununited or merely
bound together by fibrous tissue. Some fractures, such as trans-
verse fractures of the patella, and fractures extending into joints
I general, seldom or never unite by bone, but remain merely
bound together by fibrous tissue ; but, as fibrous union here appears




166 INJURIES OF BPECIAL TISSUES,

to be the normal method of repair, they are not, as a rule, spoken
of as ununited fractures.

The condition of the fragments in an ununited fracture varies,
The fragments may be completely separated, with the ends rounded
off and the medullary canal closed ; or they may be bound together
by long pliable bands of fibrous tissue permitting of considerable
movement, or by tough fibrous bands allowing of but very little, or
by a fibro-cartilaginous material—a kind of ensheathing callus. The
last condition, however, is thought by some to be merely an example
of delayed union, and not one of permanent ununited fracture.

A false joint or pseudarthrosis is merely a variety of ununited
fracture in which the ends of the frag-
ments are rounded off and eburnated,
or covered with a layer of fibrous tissue
or fibro-cartilage, and enclosed in a
strong fibrous capsule formed by the
condensation of the surrounding soft
tissues (Fig. 48). A fluid resembling
synovia has occasionally been found
within the capsule. A false joint may
resemble a hinge or a ball-and-socket
joint. The latter condition is more
common in fractures near the arti-
cular ends of bones, where rotatory as
well as angular movement may oceur ;
the former in fractures through the
shafts of bones, where angular move-
ment only is permitted.

The Causes are local and constitu-
tional. The local are—1. The frag-
ments not having been kept thoroughly
at rest; 2. The fragments not having

e been placed in apposition in conse-

ng fracture of the humeruns. .

(St. Bartholomew’s Hospital quence of (¢) muscular contraction;

Museum. ) (b) the loss of a large piece of bone,

as in compound fracture; (¢) the inter-
vention of a piece of musecle, tendon, or periosteum, or a foreign
body, as a portion of clothes, between the fragments; and (d) the
effusion of synovial fluid in the case of a fracture into a joint;
3. Necrosis of the end of one of the fragments ; 4. The interference
with the arterial supply of one of the fragments, as from injury
of the medullary artery; 5. The poor supply of blood to one of
the fragments, as in fracture of the anatomical neck of the humerus ;
and 6. Defective nerve-influence, as sometimes occurs when the
lower part of the spinal cord has been injured, with consequent
disturbance of the trophic centres contained therein.

Fig. 48.—False joint follow-
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Constitutional causes,—Syphilis, tubercle, gout, Bright’s disease,
fovers, scurvy, the cancerous cachexia, pregnancy, locomotor ataxy,
old age, alteration of the patient’s habits, and sudden deprivation of
stimulants are all said be to causes of ununited fracture. No
doubt any condition that lowers the vitality and consequen.t power
of repair of the tissues has a tendency to delay union, but it seems
doubtful if any of the above conditions except scurvy is in itself,
apart from the local causes, sufficient to prevent the bone uniting.
Paralysis agitans, in which there is great difficulty in keeping the
patient quiet, and hence of immobilizing the fragments by splints,
&e., may also be regarded as a cause of non-union.

Sometimes the callus, after having been formed, appears to be
re-absorbed, the fracture being then spoken of as disunited. This
appears to be not uncommon in seurvy.

Treatment.—Constitutional as well as local treatment may be
required. In recent cases, i.e., where the fracture is found
ununited after having been kept in splints for the usual time—a
condition sometimes called delayed wnion in contradistinetion to
ununited fracture—the splints should be re-applied, and in such a
manner as to insurve perfect immobility of the fragments, whilst
the general health should be improved by every means in our
power, and any constitutional taint, as syphilis, gout, &ec., that
may be detected, combated by appropriate remedies. If the patient
has been accustomed to stimulants, and has been deprived of them,
he should be allowed a moderate quantity. In some cases it may
be expedient to put the fracture in an immovable apparatus and
let the patient get about on erutches., Should union still not occur,
the end of the fragments should be rubbed together to excite some
amount of inflammation, and splints or other apparatus be again
applied. This failing, and in long-standing cases, two courses are
open; either to try to unite the fragments by some operative pro-
cedure, or to apply some form of permanent apparatus to fix them
in position. The choice of these methods will depend upon the
situation of the fracture, and whether it is of the nature of an
ununited fracture or a false joint (a point that should be ascer-
tained by a skiagraph), and upon the patient’s age, constitutional
condition, occupation, and rank of life. Thus in the case of an
ununited fracture of the upper third of the femur in a patient of
advanced age or of broken constitution an operation is attended
with great risk to life, and for such some form of apparatus is better
suited. DBut when the patient 1s young, or of good constitution, or
his oceupation is such that he cannot afford an apparatus and the
continual expense of keeping it in good order, and especially
where the fracture is in the shaft of the humerus, an operation
should be undertaken. Such operations may be divided into three
classes, according as they have for their object—1, the setting up of




168 INJURIES OF SPECIAL TISSUES,
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fragments by wire or other form of suture, by ivory cylinders, bone
ferrules, &ec.; and 3, the cutting out of the false joint, and bri,nging
the refreshed surfaces of the bone into apposition, and keeping them
there till union has occurred.  Among the first, which are applicable
to an ununited fracture rather than to a false joint, may be men-
tioned—(«) the subcutaneous scraping of the ends of the fragments ;

Fic, 49.—Wille's method of wiring the fragments in oblique
fractures.

(b) passing a seton between them ; and (c) cutting down upon and
1nserting ivory pegs into the fragments in order to induce ossification.
Of thqse the subcutaneous method is, perhaps, attended with the
least risk, but cases to which it is applicable are the exception. The
passage of a seton is highly dangerous, and shouldnever be employed.
The insertion of ivory pegs for the purpose of indueing ossification
1s not reliable. Under the second method—namely, that of direct

Fi6. 50 and Fra. 51.—Wille’s method of wiring the fragments in
oblique fractures.

fixation of the fragments—are included (a) suturing the frag-
ments ; (b) the introduction of ivery cylinders into the medullary
canal ; and (c) fixation by bone ferrules. (a) Suturing, as
formerly done, allowed of lateral and longitudinal displacement if
the fracture was oblique. Wille therefore advises that in oblique
ractures two grooves (Fig. 49) be cut with a saw in the frag-
ments, the direction of the grooves being at a right angle to the
fractured surfaces, and the fragments tied together with wire.
Further, where both the fragments can be drilled vertically, he
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draws with a hook, invented for the purpose (Fig. 50), the wire
through the drill holes, divides it, and twists each half together
(Fig. 51). (b) The insertion of ivory cylinders, or, better, of hollow
cylinders of bone, into the medullary cavity, is successful in fixing
the fracture and preventing lateral and longitudinal displacement
where the fracture is not too oblique. (¢) Fixation with bone

A B C

Fra. 52.—Senn's bone ferrules for fixing the fragments
in ununited fractures. (After Senn. )

ferrules (Fig. 52) is advised by Senn. For the femur and humerus
he employs the femur of the ox (I'ig. 52, A); for the tibia, the tibia
of the ox (Fig. 52, B). The ferrule should be a quarter of an inch
to an inch in breadth, the medullary canal being enlarged by a
round file till the ferrule does not exceed one sixth of an inch in

Fro. 53.—Senn’s bone ferrules for fixing the fragments in
ununited fractures in sitw. (After Senn.)

thickness. When an inch broad it should be perforated as shown
in Fig. 52 0, so as to facilitate its absorption after the fracture
has united. If desirved, it may be partially or completely decalcified.
If the ferrule is too large the space between it and the fragments
may be packed with small splinters of bone. The position of the
ferrules when in situ is shown in Fig. 53. The third method, or
operation for cutting out a false joint, consists in making an
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incision down to the bone, chiselling or sawing away obliquely
the ends of the fragments, and then fixing them in one of the ways
above-mentioned.

Recently inununited fractureswith loss of substance from necrosis
the gap has been filled by grafting a piece of bone between the frag-
ments. The grafts may be obtained from a young animal, or from
a limb immediately after amputation. In one successful case
wedge-shaped pieces of bone, removed in osteotomy of the tibia,
were used. Whilst being transferred the grafts should be kept at
a temperature of 100° in a capsule of boiled salt solution (3] to Oj).

Fiec. 54.—Malunited fracture. Fig. b5.—Vicious union after
(St. Bartholomew's Hospital fracture. (St. Bartholomew's
Museum. ) Hospital Museum. )

MALUNITED FRACTURE OR VICIOUS UNION.—1. Fractures in con-
sequence of having been improperly set, or not kept at rest in good
position, may unite at an angle (Fig. 54}, or in some other faulty
direction. 2. If splints have been removed too early, or if in the
case of the lower extremity the patient has been allowed to walk
too soon, the callus may yield, and deformity result. 3. Two
adjacent bones, as the radius and ulna in the forearm, may become
united to each other by callus (Fig. 5). 4. A greenstick fracture
from neglect to straighten the partially bent bone before applying
splints may consolidate in its distorted condition,
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COMPOUND FRACTURE. alyal

Treatment.—If the fracture is recent, and the fragments are not
firmly united, the patient should be placed under an antesthetic, the
faulty position rectified, and splints properly applied. If firm union
has already occurred an attempt should be made to re-fracture the
bone, under an angesthetic, with the hands; if this fails, and in
long-standing cases, osteoclasia by means of Grattan’s or Thomas's
instrument should be undertaken, or subcutaneous osteotomy may
be performed, or in some instances a wedge-shaped piece of bone
removed. In several cases of badly set Pott’s fractures I have of
late years divided the fibula subcutaneously and removed a wedge-
shaped piece of bone from the internal malleolus with the most
excellent results. A sharp fragment projecting beneath the skin
may sometimes be sawn off with advantage, though it should be
remembered that such projections often become rounded off with
time.

SEPARATION OF EPIPHYSES.—This injury may be regarded as a
variety of fracture. It consists in the forcible wrenching of the
epiphyses from the shaft at their cartilaginous line of union, and
consequently can only oceur in subjects under twenty-one years of
age, the period at which nearly all of the epiphyses have united with
the diaphyses. The injury is most common in the upper and lower
ends of the humerus, and, from the proximity of the epiphysial lines
to the shoulder- and elbow-joints respectively, is liable to be mis-
taken for a dislocation. Repair usually takes place by osseous
tissue ; hence the bone ceases to grow at the injured end, and
permanent shortening of the limb, if the patient has not completed
his growth, will then result. Where the separation of an epiphysis
occurs in such a situation as the lower end of the radius or tibia,
the companion bone, i.e., the ulna or fibula, as the case may be,
continues to grow and becomes bent, its ends being held by its
fellow. For treatment, see Special fractures and dislocations.

A COMPOUND FRACTURE is one in which there is a wound through
the skin and other soft tissues leading to the fracture.

Cawse,—The wound may be produced :—1. At the same time as the
JSracture, either by the violence directly tearing open the soft tissues,
or, as is more usually the case, by one of the fragments being forced
through the skin either by the original violence or by muscular con-
traction. 2. Subsequently to the fracture, by the patient trying to
rise or to use the injured imb; or by want of care in removing the
clothes, in handling the fracture, or trying for crepitus. 3. Still
later, by ulceration or sloughing of the soft parts, due to inflamma-
tion set up through failure to render and keep the injury aseptic,
and the laceration of the tissues or the pressure of a projecting
fragment.

_ State of the parts.—There may be a mere puncture, with but little
if any more injury to the soft tissues than may be met with in
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simple fracture; or with or without a large external wound of the
skin there may be extensive laceration of the soft tissues, protrusion
of one or other fragment, extensive comminution of the bone,
mmplication of a large joint, rupture of the main artery, vein, or
nerve, and, in extreme cases, crushing and laceration of the whole
of the injured part of the limb.

Union of compound fracture.—When the wound is small, and has
been closed at once, and the soft parts are but little injured, and
septic or other bacterial processes are absent, repair is as a rule
similar to that of a simple fracture, When the wound is large,

: or there is much laceration of the soft
tissues or comminution of the bone, sup-
puration is very likely to ensue, and union
is then effected by granulations spring-
mg from the ends of the fragments and
periosteum, the process being analogous to
union of the soft parts by the second in-
tention. The granulations either undergo
direct ossification, or first pass through a
fibrous, or, in some instances, a carti-
laginous stage. The loose fragments and
injured tissues, where the bone is commi-
Fre. 56.—Diagram show- nuted and the soft parts are much bruised

ing process of separa-  or lacerated, are cast off by the process of

tion of necrosed bone ulceration (Fig. 56) before healing ensues.

m '-‘r?mP'l‘““'El fracture, Where, however, a fragment retains its

;' %‘I:‘tf;ﬁﬁhl:ﬁl?ﬂ"_““ﬂ; connection with the periosteum, it may

Necrosed fragments : 1ot lose its vitality, but may help in the

p. Granulations lining restoration of the bone. Where a large

wound leading to frac-  portion of bone is denuded of periosteum

ture. (After Billroth.) it generally dies, and is usually separated

as in the ordinary process of necrosis

(Fig. 56). It may, however, become embedded in the new bone,
and remain a source of irritation for years.

Dangers of compound fracture.—1. Immediate dangers : shock and
collapse from loss of blood, which may prove fatal in a few hours:
more rarvely fat-embolism. 2. Infermediate dangers : septic inflam-
mation, erysipelas, sapreemia, septiceemia, pysemia, and tetanus.
3. Late dangers : hectic fever, lardaceous disease, and exhaustion
from long-continued suppuration.

The treatment varies according to the state of the parts, the age
and health of the patient, and the situation of the fracture. Our
aim, when possible, should be to convert a compound into a simple
fracture. Thus, when the wound is small —a mere puncture—it
should, after being well cleansed by antiseptics, be closed by a
piece of antiseptic gauze, and the case treated as a simple fracture,
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When the wound is large and lacerated, or other serious injury of
the bone, soft parts, or neighbouring joint has been sustained, the
question of amputation will arise. (See below, dmputation in Com-
pound Fracture,) Having, however, determined to save the limb,
the indications are—(1) to reduce the fracture and maintain the
fragments at perfect rest; and (2) to promote the healthy healing
of the wound. The fracture should be set as deseribed under simple
fracture ; if the fragments protrude they should be reduced where
practicable, sawn off where not, enlarging the wound in the skin
if necessary, but taking care not to remove more bone than is
sufficient to accomplish the object. Splinters when attached by
periosteum should not be removed, but simply placed in position
and then secured, under some cireumstances by sutures. If it is
found difficult to keep the fragments in place they may be fixed
in position by wiring or by Senn’s bone ferrules (page 169). The
wound should be rendered aseptic by washing out all corners with
some antiseptic fluid. When this can be thoroughly done the soft
tissues, muscles, tendons, and fascize should be united by catgut
sutures and the wound closed ; but when there is much laceration,
and thorough cleansing cannot be effectually carried out, the wound
should be kept freely drained to prevent the decomposition of any
extravasated blood and discharges. The limb should then be
secured in some form of apparatus, so arranged that the wound
is not covered by it, but is freely accessible for dressing without
disturbing the fragments. If the patient’s general condition
remains good, and he has no pain or discomfort, the dressings
may be left undisturbed till the wound has healed ; but should
suppuration occur, a careful inspection ought to be made daily
to see that the drainage is efficient; and if any collection of pus,
which is apt to form in the intermuscular planes, be discovered, it
should be let out with antiseptic precautions and the wound drained.
Any portions of bone that may necrose should be removed as soon
as loose. 'When the wound has healed the fracture should be
treated in the same way as a simple one. Any complications,
as erysipelas, sapreemia, &c., that may occur, must be treated as
deseribed in other parts of the book. The constitutional treatment
18 the same as that indicated in other severe injuries. (See also
Simple Fracture,)

Question of amputation in compound fracture,—In slight and
uncomplicated cases, and in those severe injuries in which the
limb is completely shattered, the course to be pursued is quite
ul:-flea.r-—_in the one case to spare the limb, and in the other to amputate
mmmediately., But in other instances the question of attempting
to save wversus amputate becomes one of the most serious and
anxious that the surgeon has to decide. Tt was formerly taught
that we should amputate—1. If there is great laceration of the soft
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parts and extensive loss of skin, 2. Tf there is much comminution
of the bone. 3. Tf the main artery or nerves of the limb are torn.
4. If a large joint is implicated. 5. If the limb is likely to be of
little subsequent service from the severity of the injury; and 6. If
the patient is 0ld or his constitution broken down. No one of these
signs is 1in itself in every case a sufficient reason for amputating, -
and when we can succeed in rendering the wound completely
aseptic some of them, as comminution of the bone, implication of
a large joint, and the advanced age of the patient, can hardly be
now ever considered as a justification for so severe a measure, The
main considerations are: Can the wound be rendered aseptie, and,
if s0, is the arterial supply sufficient to prevent gangrene ; is the
condition of the nerves such that the limb will not be helplessly
paralysed ; and is the laceration of the muscles and tendons within
such Inmits as will allow of a useful limb? If these questions can
be answered in the affirmative an attempt should be made to save
the limb; if in the negative, amputation should be done. The
indications for amputation are of course more imperative if the
fracture involves the lower extremity, especially the femur; but
each case must be judged on its own merits, and some surgeons
will attempt to save what others condemn. Every legitimate effort
should of course be made to save a imb, but we must remember
that in attempting to do so we may place the patient’s life in danger,
and that too often it is a question of a limb versus the life,

If amputation is not performed at once, or within the first twenty-
four hours, and it then becomes evident that the limb must be
sacrificed, the amputation should not, as a rule, be undertaken till
the traumatic fever has subsided, the surgeon watching carefully
for the most favourable opportunity that presents itself. The signs
calling for amputation during the suppurating stage arve :—Exten-
sive suppuration, great sloughing of the soft tissues, inflammation
and suppuration of a neighbouring joint, neerosis of large portions
of bone, exhaustion, hectie, and lardaceous disease.

COMPLICATIONS OF FRACTURE.—A simple fracture may be com-
plicated by any of the general affections attending other injuries, as
shock, traumatic delirium, tetanus, retention of urine ; and by such
local conditions as, 1, concomitant dislocation; 2, thm?asa’fiun. of
blood ; 3, rupture of the main artery, vein, or nerve; 4, implication
of a joint; 5, gangrene from tight bandaging ; 6, paralysis from the
use of a erutch, or the implication of a nerve in the callus ; 7, venous
thrombosis; 8, embolism ; 9, formation of ulcers or bed-sores over
prominences of bone; 10, erysipelas; 11, f&t-emho]_:iam; anc_l,l:&,_s'l}p-
puration where there is much laceration of the tissues with giving
way of the skin, the fracture then becoming compound.

A compound fracture may in consequence of the open wound
be complicated, in addition to the above-mentioned affections, by
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septic inflammation and suppuration, necrosis, sapremia, septicemia,
pyemia, hectic fever, and fetanus,

Of these complications of fracture, whether simple or com-
pound, the only ones that need be further mentioned here are

the following :—

Fracture combined with dislocation.—In simple fracture the treat-
ment consists in placing, where possible, the fracture in splints,
and then attempting the reduction of the dislocation. Where the
dislocated end cannot be replaced the fragments must be allowed
to consolidate, and another attempt then made to reduce the dis-
location ; or the surgeon may try to manipulate the dislocated
portion into its socket, and then apply splints to the fracture. In
compound fracture this complication 15 a much more serious one,
especially when it oceurs in the lower extremity and involves one
of the larger joints. In the knee, ankle, and wrist, amputation,
and in the elbow and shoulder, exeision, is usually indicated. In
the smaller joints the dislocation may be reduced, and the case
freated as a wounded joint complicated by fracture.

Fracture vmplicating a joint.—A simple fracture extending into a
joint is not an uncommon aceident; indeed the elbow and knee-
joints are always involved in fracture of the olecranon and patella
respectively, and the shoulder and hip-joints in the intra-capsular
fracture of the neck of the humerus and femur. The injured joint
may become stiff or ankylosed, though usually no serious mischief
ensues. Suppuration is very rare. The limb, in putting up the
fracture, should be placed, except in the case of fracture of the ole-
cranon, in a position in which it will be of most service should bony
ankylosis ensue. Inflammation and stiffness of the joint from
fibrous adhesions should be treated in the way described under
Diseases of Joints. A compound fracture extending into a joint,
though more serious, does not necessarily call for amputation or
excision, and may be treated in the way deseribed under Wounds
of Joints. But should such be required, excision in the upper
extremity and amputation in the lower may be said, with certain
reservations, to be the rule of practice. If an operation is considered
unnecessary the case should be treated as a wounded joint, and
splints, according to the variety of fracture, applied.

Hat-embolism is a rare complication of fracture, but is more
frequent in the compound than in the simple variety and in bones
that have undergone atrophy. It appears that in consequence of the
crushing of the medulla, fat-globules gain admission into the veins,
and become lodged in the capillaries of the lungs, brain, kidneys,
and other organs, It is attended by dyspncea, either CYA1081S Or
pallor, collapse, irregular action of the heart, and at times by coma
and death. Venesection, injection of ether into the veins, and arti-
ficial respiration have been suggested in the way of treatment,
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Crutch-palsy is due to the pressure of a crutch on the museulo-

spiral nerve. It is best avoided by well padding the erutches, or
by having handles to the crutches, so that part of the weight falls
on the hands. An ingenious erutch with handles has lately been
introduced. The paralysis, which chiefly affects the extensor
muscles of the forearm, giving rise to dropped wrist, usuall
passes off when the crutch is no longer used. Should it not do 80,
electricity and massage may be employed.
. Paralysis or neuralgia sometimes occurs in consequence of the
implication of a nerve in the callus. This condition is perhaps
most common in fractures of the shaft of the humerus, the
musculo-spiral nerve being involved in the callus as it lies in its
groove. The result is dropped hand from paralysis of the extensors
of the wrist and loss or impairment of sensation or pain, and
trophic changes in the region supplied by the radial branch. An
operation is then at times necessary to liberate the nerve.

Gangrene from tight bandaging is occasionally met with, and is
of the moist variety. All bandages should of course be at once
removed in the hope that the limb may recover., When the gan-
grene is thoroughly established, amputation above the seat of
fracture, and of course well beyond the gangrene, must be per-
formed. Short of gangrene, the partial cutting off of the blood
supply may cause inflammation and degeneration of the muscles,
followed by stubborn contracture (ischemic rigidity).

Extravasation of blood into the tissues is not uncommon in simple
fracture, owing to the tearing of some of the smaller blood-vessels
by one of the rough fragments. The extravasated blood causes in
some instances considerable swelling, and on making its way to the
surface gives the part a bruised and black appearance, and frequently
causes the cuticle over it fo be raised into blebs. These blebs differ
from those formed in gangrene in that they are fixed and firm,
whilst the latter are movable over the moist and shppery skin
beneath. No special treatment is required, the blebs should not be
opened, and the blood will gradually be absorbed. In rare instances,
however, suppuration ensues,

Rupture of the main artery or vein occasionally occurs, causing
when the skin is unbroken a tense swelling at the seat of fracture,
attended, in the case of the artery, by coldness of the limb and
cessation of the pulse in the arteries below. Incompound fracture
rupture of the artery is, as a rule, easily diagnosed, in that pressure
on the artery above the fracture stops the bleeding. T'reatment.—
Should the swelling in simple fracture increase in spite of elevation
of the limb, cold, and pressure on the main artery above, and gan-
grene threaten, three courses are open: 1, ligature of the arifary
above; 2, tying the artery at the seat of fracture; or, 3, amputation.
In the lower limb amputation is probably, as a rule, the safest
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course: in the upper limb ligature of the vessel at the seat of
fracture may be attempted. But the conditions that call for the
adoption of one or other of these methods are too various to discuss
here. In compound fracture the vessel should be tied in the wound
if possible. If not, amputation will probably, though not invariably,
be the right course.

INJURIES OF JOINTS.

ConTyusioNs of joints may be produced by any mechanical
violence. They are generally attended with pain and stiffness on
movement, and in severe cases with swelling from effusion of
blood (heemarthrosis), and, later, of serous fluid (synowitis) into the
synovial cavity. If the contusion is neglected, especially in tuber-
culous children, acute or chronic inflammatory changes may ensue,
leading to destruction of the joint. 7'"he freatment consists in placing
the part at rest on a splint, or in a plaster-of-Paris bandage, and
applying cold by means of an ice-bag or Leiter's tubes. Where
there is much effusion into the synovial cavity, and consequently
considerable tension and pain, aspiration of the joint may be
advantageously practised, and pressure afterwards applied.

SPRAINS.—A sprain is a stretching or partial rupture of the
ligaments of a joint without separation of the articular surfaces.
Sprains are generally due to a violent wrench or twist of the joint,
and are often accompanied by laceration of the tendons and other
goft tissues around. They are of most frequent occurrence in the
ankle, shoulder, wrist, and knee.

Signs and diagnosis,.—Severe pain, often localized to certain
points, and increased on movement; inability to bear weight on
the limb; swelling and ecchymosis from effusion of blood in and
around the joint; and, later, inflammatory effusion into the synovial
cavity., The absence of signs of fracture or of dislocation will
usually suffice to distinguish a sprain from one or other of these
injuries; but where there is much swelling it may be difficult or
impossible to make a diagnosis fill the swelling has subsided. If
there is any doubt the injury should be treated as a fracture.

The consequences of a meglected sprain may be very serious,
especially in rheumatic and gouty subjects. Thus, as the result
of the incomplete absorption of the inflammatory produets, the
mmperfect repair of the torn ligaments, the formation of fibrous
adhesions in and around the joint, and the gluing of the smrrounding
tendons to their sheaths, a sprain may be followed by long-continued
pain, stiffness, wealkness, and even fibrous ankylosis of the joint.
At times in tuberculous subjects a sprain may be the starting point
of destruetive joint-disease.

_Treatment.—The indications are to place the joint at perfect rest -
till the torn ligaments have had time to heal ; to prevent or subdue

W. -
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inflammation ; and, should stiffness or ankylosis have ensued, to
restore the mobility of the joint by breaking down any adhesions
that may have formed. Thus, if seen at once, a plaster-of-Parisor a
Martin’s bandage should be put on; or if much swelling has already
occurred, the parts should be placed on a splint, or in a sling, and
either cold, in the form of lead-lotion or ice, or heat, in the form of
hot fomentations, applied. TFor very slight cases, however, a few
days’ rest with the part supported by a wet bandage, followed by the
use of a stimulating liniment, is all that is usually necessary. The
joint in any case should not be kept too long at rest lest stiffness
ensue ; but as soon as all signs of inflammation have disappeared
passive movements should at once be begun. If stiffness or fibrous
ankylosis has already occurred, friction, shampooing, and massage
may be tried; or the joint may be forcibly wrenched under an
anwesthetic, provided all signs of active inflammation have ceased.

DisrocarioNs.—A dislocation is the forcible separation of the !
articular end of a bone from the part with which it is naturally in
contact,

Varieties,—Dislocations may be divided into the Congenital and the
Acquired ; the latter again into the Spontaneous and the Traumatic.
The Spontaneous are those that occur as the result of disease of the
joints, and are treated of elsewhere (see Diseases of Joints). The
Trawmatie, or accidental dislocations, with which we are here
specially concerned, are spoken of as compound or simple according
as they are, or are not, complicated with an external wound leading
mto the joint ; and in either case as complete or partial according as
the articular surfaces are, or are not, completely separated from
each other.

The causes of dislocation are predisposing and exciting. The
predisposing causes may be enumerated as:—1, weakness of the
ligaments swrrounding the joint from previous dislocation or
disease ; 2, the shape of the joint—ball-and-socket joints from
their extensive range of movement being more easily dislocated
than hinge joints ; 3, middle life—the bones being then strong and
capable of resisting fracture and the muscles powerful ; 4, the male
sex—men being more continually exposed to violence than women.
The exciting causes are usually, 1, external violence, either direct or
indirect, and sometimes, 2, muscular action. Examples of each
will be met with in the section on special dislocations.

The Signs common to all dislocations are :—1. Alteration in the
shape of the joint. 2. Inability to move the limb on the part of the
patient, and more or less fixidity to the efforts of the surgeon. 3.
An alteration in the relations of points of bone about the joint.
4. An abnormal position of the end of the displaced bone; and
- 5. Shortening or lengthening of the limb, or an alteration in its
axis, The signs are frequently obscured by swelling in and about
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the joint, due to extravasation of blood or effusion of synovial fluid.
Hence in all doubtful cases the position of the bone should be
ascertained by means of the x rays,

The state of the parts will be more especially referred to under each
special dislocation. Here it may be briefly stated that the head of
the bone is generally forced through the capsular ligament ; whilst
other of the ligaments, surrounding tendons, and muscles, may be
ruptured or tightly stretched, and the arteries and nerves displaced,
pressed upon, or torn. In the ball-and-socket joints the end of the
bone will be found either opposite the rent in the capsule or drawn
to some distance from 1t by muscular contraction. If reduction is
effected early, the damaged ligaments and muscles are soon re-
paired; but they remain for some time weakened and stretched,
and thus predispose to re-dislocation. Hence the importance of
keeping the parts at rest until firm union of the ruptured capsular
and other ligaments has occurred. After reduction a moderate
amount of inflammation and serous effusion in and about the joint
generally ensues, but usually subsides in a few days if the parts
are kept at rest, the joint becoming gradually restored to its
normal condition. If rest is neglected, however, the rent in the
capsule may not heal, but remain as a permanent hole with smooth
edges, allowing the head of the bone to slip in and out of its
socket, In some instances, moreover, the inflammation may run
into suppuration, which may be followed by ankylosis of the joint.

The impediments to reduction are:—In recent cases :—1. The
spasmodic contraction of the muscles surrounding the joint. 2.
The small size of the rent in the capsule. 3. The hitching of points
of bone on each other; and 4. The interposition of ligaments,
tendons or muscles. In old-standing cases :—1. The formation of
adhesions around the displaced bone. 2. The closure of the rent in
the capsule. 3. The permanent shortening of the ligaments and
muscles; and 4. The alteration in the shape of the articular sur-
faces, in part from absorption and in part from the formation of
new bone. The contraction of the muscles generally increases from
the time of the accident; hence every hour the dislocation remains
unreduced the more difficult the reduction becomes,

The consequences of non-reduction ave either the formation of a
new joint or ankylosis, the former being more common in ball.
and-socket joints, the latter in hinge joints. When any movement
between the dislocated bones exists, the osseous surface on which
the displaced bone rests is converted into a new articular cavity by
& process of absorption of the old bone and the formation of new
bone around ; the end of the displaced bone becomes adapted by
a sinilar process of absorption to its new socket: and the soft
tissues around become condensed so as to form a kind of new capsule
The old socket in the meantime becomes more or less uhﬁteratcci:

N2
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its articular cartilage absorbed, and its cavity filled up with fibrous
tissue or new bone. The range of movement in the newly formed
joint will at first be limited, but in the course of time, under ap-
propriate treatment, will become much more free, and a very fairly
useful limb may be obtained. When on the other hand the dislo-
cated bone is immovably fixed upon another the articular cartilage
18 absorbed, the contiguous osseous surfaces unite, and bony anky-
losis ensues. The muscles, moreover, from want of use, undergo
shortening or partial atrophy and fatty degeneration, leaving the
limb 1n a more or less shrunken and wasted condition.,

T'reatment.—The indications are:—1. To replace the articular
surfaces in contact; and 2. To keep them there until the rent in
the capsule has united and the torn ligaments and muscles have
had time to heal. Unless the case is seen immediately after the
accident, whilst the patient is faint and the muscles are in con-
sequence relaxed, an ansesthetic had better be given to overcome
the resistance of the musecles. The reduction may then be effected
either by, 1, manipulation, or, 2, extension.

1. Manipulation comsists in putting the limb through certain
movements of flexion, extension, rotation, and ecircumduction,
varying according to the situation and variety of the dislocation.
By means of these movements we endeavour:—(a) To overcome
the obstacles to reduction by relaxing the stretched ligaments and
tendons and disengaging any hitching points of bone ; and (&) To
make the displaced head retrace as it were its steps and re-enter its
socket. In order to employ manipulation successfully it is
essential that the surgeon should know the anatomy of the part,
the direction in which the hone has travelled to reach its abnormal
situation, and the probable position of the rent in the capsule,

9. Haxtension is a much less scientific method of reducing a dis-
location, and should never be resorted to except in certain forms of
dislocation, which will be mentioned hereafter, till manipulation has
been tried. It wasthe method almost always employed by the older
surgeons, and has for its object the forcible dragging of the dis-

laced end of the bone into its socket, or opposite its socket, into
which it is then drawn by muscular contraction. In many forms
of dislocation the method is as harmful in practice as it is wrong in
principle, since the displaced head, as in some forms of dislocation
of the hip, can only be drawn into its socket in this forcible manner
by rupturing the resisting ligaments and mgdons. In employing
extension, traction is made in the long axis of the limb by the
surgeon, either with his hands or by means of a jack-towel secured
by a clove hitch to the limb, or if more force is required by multi-
plying pulleys. Counter-extension 1s in the meanwhile made 1in
the opposite direction to the extending force, but in the same
straight line, either by the surgeon pressing with his heel or knee
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on the part above the dislocation, or by fixing the part with a jack-
towel or suitable strap to a hook in the floor or wall. When suffi-
cient extension has been employed to draw the head of the bone
opposite its socket the surgeon should endeavour tcj guide it into
its place. Before the introduction of chloroform this was usually
effected by the contraction of the muscles themselves after the
head had been drawn down by the extending force. ML

In old-standing cases, before either manipulation or extension 1s
employed, the adhesions, which offer the chief obstacle to reduction,
should be first broken down by cautiously rofating or circumducting
the limb. “When the rent in the capsule has united, the old socket
been filled up, and a new joint formed, reduction is of course physi-
cally impossible ; but even then the breaking down of the adhesions
may greatly improve the range of motion and consequent useful-
ness of the limb. In attempting the reduction of a long-standing
dislocation, however, great care must be exercised, or u*ra}_ml:ab_le
damage may be done. Rather than use any great 1.'1:?1911ce+lt is in
some cases better at once to cut down upon the dislocation and
divide any bands which may be found preventing reduction. Not
only may the accidents below enumerated be thus avoided, but
reduction may be safely accomplished at later periods than was
formerly possible, and with antiseptic treatment of the wound
there is but little risk, and good movement of the joint may be
expected., '

Among the accidents that have attended violent efforts at reduction
may be mentioned :—1. Rupture of the main artery, vein, or nerves.
2. Laceration of muscles and tendons. 8. Tearing open the skin
and soft tissues, thus rendering the dislocation compound. 4.
Fracture of the bone. 5. Inflammation and suppuration of the
joint and surrounding parts; and 6. The evulsion of the limb,

How long after a dislocation may an attempt be made at reduction ?
—Sir Astley Cooper gave the time at between three and four months ;
but since the introduction of chloroform successful cases have been
reported after much longer periods. In an old-standing case the
circumstances which should influence us in deciding whether an
attempt at reduction should be made, are the age of the patient,
the situation of the dislocation, the presence or absence of pain, and
the amount of usefulness of the limb. By the new method of open
division of the adhesions about the joint, the time at which a dis-
location ecan be reduced is considerably extended. This method,
however, should not be employed unless the movements of the joint
are restricted and the usefulness of the limb in consequence 1is
impaired.

The after-treatment consists in maintaining the part at rest by
suitably applied strapping and bandages, and in preventing or
subduing inflammation by cold, evaporating lotions, &c. The
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part, puwevm-, should not be kept at absolute rest longer than is
sufficient for the torn ligaments and other soft tissues to heal, lest
adhesions form and stiffness of the joint ensue. Passive move-
ments, therefore, should be caufiously begun after a few weeks:
and friction, shampooing, or galvanism subsequently employed to
restore the tone of the wasted muscles. Where stiffness has
eccurred the adhesions should be broken down under an ansesthetic,
provided there are no signs of active inflammation in the joint.
Treatment of compound dislocations.—The dislocation should be
reduced, the parts placed at perfect rest, and the case treated
as a wound of the joint (see Wounds of Joints). In consequence of
the extensive laceration of the ligaments and other soft tissues
reduction is usually quite easy. When a compound dislocation is
combined with a fracture of the bone, and there i1s much laceration
of the soft parts, amputation of the limb in the lower extremity,
and resection of the joint in the upper, will probably be required.
CONGENITAL DISLOCATIONS are those that occur during intra-
uterine life, and generally depend upon some malformation of the
articular surfaces, rather than upon actual displacement of an
originally normal articulation. They are all very rare, with the
exception of the so-called *‘ congenital dislocation ” of the hip, which
requires a separate notice. :
CONGENITAL DISLOCATION OF THE HIP.—In this deformity the
acetabulum and head of the femur are malformed, the head of the
bone resting usually on the ilinm. The chief signs are a waddling
gait, lordosis, and shortening of the limb if the dislocation 1s one-
sided. On examination the trochanter is found to be prominent
and above Nélaton's line, but it can be drawn down somewhat on
making traction on the limb. The head of the bone can usually
be felt in the abnormal position. After the child begins to walk
the muscles become contracted and the head forced further from
the acetabulumn by the weight of the body. .
Treatment.—Continuous extension in the horizontal position with
pressure over the trochanter has been attended with considerable
success. During the last few years several operations have been
practised for congenital dislocation of 1':}19 hip 'b_}r I,_anrenz, ﬂpﬁa,
Ogston, and others. Briefly, these operations consist in the division
of contracted muscles and ligaments, the gouging out of a new
acetabulum in the ilium, and the replacement of the remains of
the head of the femur in the new socket thus formed. It is ques-
tionable, however, if the results obtained are worth the nsk. In
young children the remains of the he*m:l may be uftgn replaced in
the rudimentary acetabulum by manipulation (Paci’s :?.'rtﬂﬂmtf), or
may be brought near that cavity. In either case the limb should
then be fixed in the abducted position, so that the pressure of the
head may deepen the old or make for itself a new socket.
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Wouxns oF J0INTS.—A joint may be merely punctured, or it
may be laid freely open. The wound may be of an incised,
lacerated, or contused character, and complicated by extensive

" injury of the surrounding soft tissues, or by dislocation or fracture

of the articular ends of the bones. In the latter case the wound
may be further complicated by the protrusion of the dislocated
bones or the ends of the fragments,

A wound of a large joint should always be regarded as serious,
as owing to the difficulty of securing an efficient drain, and of
preventing decomposition of the extravasated blood and serous
secretion in the synovial pouches, septic or infeetive inflammation
is very liable to be set up, and rapidly run on to suppuration and
disorganization of the joint. The peculiar absorptive power of
the synovial membrane, moveover, favours the entrance of the
chemical produets of decomposition into the system, and conse-
quently enhances the risk of septic poisoning, to which, or to such
infective processes as septiceemia or pymemia, the patient may
succumb. Further, should he survive these earlier dangers of bload-
poisoning, he is still liable to fall a victim to hectie, or to exhaustion
or lardaceous disease consequent upon the prolonged drain on the
system attending the suppuration in the synovial membrane, the
articular ends of the bones, and the surrounding soft parts.

Medium-sized wounds are the most dangerouns, as such cannot
always be rendered aseptic nor drainage be effectually secured.
Punctured wounds, when made with a clean instrument, and in an
oblique direction, may heal under appropriate treatment without
any inflammatory or other trouble. Should septic or infective
germs, however, gain admission at the time of puncture, or sub-
sequently through neglect of the wound, or should the joint not be
kept properly at rest, a punctured wound may be followed by the
most intense inflammation of the synovial membrane, aund total
disorganization of the joint with its attendant dangers of blood-
poisoning. Extensive and lacerated wounds of joints, when not
sufficiently severe to call for amputation or execision, are not
necessarily a source of extreme anxiety, as they usually permit of
effectual cleansing and drainage, and under the use of antiseptics
may heal up by granulations without giving rise to any serious
constitutional disturbance. In such cases, however, bony anky-
losis will generally ensue, though in some instances the cartilages
may escape destruction, and a fairly movable and useful joint may
be obtained. é
. Signs.—When the joint is laid freely open the nature of the
Injury is obvious, and any displacement or splintering of the bones
can be seen or ascertained by examination with the finger. When
the wound is of a punctured character and the incision in the skin
18 some distance from the joint the signs are not always so
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apparent. In such cases an account of the depth to which the
instrument penetrated, and of the direction in which it appeared to
run, will help us to determine whether the synovial membrane has
been entered. The escape of a glairy fluid like the white of egg
—the synovial secretion—will make the diagnosis certain. If in
doubt the case should be treated as if the joint had been opened,
but on no account should the wound be probed for the purpose of
setthing the point, since septic matter might be introduced from
without, and a wound that did not in the first instance penetrate
the cavity might be made to do so. Should inflammation ensue
the signs will be the same as those of acute arthritis (see Diseases
of Joints).

The treatment will depend on the size and character of the wound,
the joint affected, the nature of the complications, and the age and
constitution of the patient. The chief indications are to prevent
inflammation and its attendant consequences, or if the injury is
of a very severe character, to endeavour to save the patient’'s life
by the sacrifice of his limb. Thus, if the wound is small and
uncomplicated, an attempt should be made to convert it into a
subcutaneous wound by sealing it with iodoformized collodion, or
better, by placing over it an antiseptic dressing, after having first
thoroughly cleansed the skin and rendered it aseptic. One or more
fine silkworm-gut sutures may first be inserted if the wound is
too large to be closed in this way. The limb should be then placed
on a splint at perfect rest, and cold applied by means of an ice-bag
or by Leiter's tubes. Should inflammation follow, half-a-dozen
leeches should be placed over the joint, and warm applications
substituted for the cold; whilst, should the local and constitutional
disturbance increase and the joint become distended, aspiration
should be practised to relieve tension, opium given to soothe the
pain, and the treatment persevered in. If, however, pus is with-
drawn by the aspirator, the joint should be laid freely open,
drained, dressed antiseptically, and placed in the position in which,
should ankylosis ensue, it will subsequently be of most use. If,
notwithstanding free incisions, the suppuration goes on, continuous
irrigation with some weak antiseptic fluid may be tried, or the
whole limb kept continuously in a hot bath, the patient, if neces-
sary, as in the case of the knee, being himself immersed. Shop.ld
signs of sapreemia or exhaustion from hectic set in, amputation
must be performed.

Larger wounds of joints, especially when lacerated, should be
thoroughly cleansed with antiseptic lotions, well drained, and
dressed antiseptically. A counter-opening at a dependent spot
may in some cases be advantageously made, as for instance m the
popliteal space in wounds of the knee, and a tube passed through
the joint. Where thereis extensive laceration of the soft parts and
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much comminution of the bones, such as may be produced by a
bullet, where there is a probability of the introduction of sepfic
material as on pieces of clothing, or where there are other compli-
cations of such a nature as to render it doubtful whether a useful
limb can be obtained, the question of amputation or excision must
be raised. In deciding on the propriety of an operation the surgeon
will be influenced by the situation of the joint, whether it 1s septic
or not, and the probable power of the patient, either on account of
his age or the general state of his constitution, to stand the acute
inflammation and prolonged suppuration which must almost neces-
sarily ensue if the limb is not removed. Briefly it may be said,
that an injury which in the elbow might be treated in the ordinary
way or by excision of the joint, would in the knee probably call
for amputation; that a wound of the wrist is generally more
serious than one of the ankle; and that the sacrifice of the limb

is required for a much less severe wound of the knee than of the
ankle,

INJURIES OF MUSCLES AND TENDONS.

CoNTUSIONS OF MUSCLES are very common as the result of falls,
blows, kicks, or other violence. They may vary from a slight
bruising with or without tearing of the muscle-fibres and blood-
extravasation to complete pulping of the muscles, Signs.—In the
slighter cases there is dull aching pain increased on movement,
ill-defined and deep-seated swelling, and later, ecchymosis as the
blood makes its way to the surface. Some stiffness or loss of power
from partial atrophy frequently follows, and occasionally inflam-
mation and abscess. Severe cases are frequently associated with
other injuries of the part, as fracture of a bone, laceration of a
large blood-vessel, &e. The treatment consists in keeping the part
at rest with the muscle as much as possible relaxed, and in
preventing inflammation by cold, lead and opium lotions and the
like. Shampooing, massage, and galvanism may subsequently be
necessary to restore any loss of power that may ensue.

WounDs oF MUSCLES may be incised, lacerated, punctured, or
contused. When the wound is made transversely, the divided ends,
which gape widely, must be approximated by placing the limb in
such a position as will relax the muscle, and then united by aseptic
sutures. When the wound is deep or parallel to the fibres a
drainage-tube may be inserted to prevent the retention of the dis-
charge by the bulging of the muscle. Union takes place by fibrous
tissue,

RUPTURE OF MUSCLE may occur from a sudden and violent
spasmodic action, or during vomiting, tetanus, or delirium. As
examples may be mentioned rupture of the sterno-mastoid of the
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cl}ild i:{ a dﬂﬂ"}uult labour, the rectus abdominis in parturition, the
biceps in raising weights, the supinator longus and gastrocnemius
n lawn tennis, the quadriceps extensor at football, and the adductors
of the thigh in riding. A sensation of tearing is often felt at the
moment of rupture, followed by pain and, if the rupture is com-
plete, by loss of function. The rupture is indicated by a gap,
above and below which is felt a swelling formed by the ends of
the retracted muscle ; or blood is extravasated between the ruptured
ends, occasioning a heematoma, Rupture of the sterno-mastoid in
infancy is said to be followed by contraction of the muscle and
consequent wry-neck. The treatment consists in approximatin
the divided ends as much as possible by position and by suitable
bandages and splints, and in applying ice and evaporating lotions
to control the blood extravasation and to prevent inflammation.
If a blood tumour forms it should not be opened, unless
suppuration occurs,

WouNDs oF TENDONS may be divided into the subcutaneous and
the open. The former are discussed under Tenotomy. When a
tendon is divided in an open wound its cut ends should be approxi-
mated by placing the parts on a splint in such a position that the
muscle is as much as possible relaxed, and the divided ends then
united by aseptic sutures. In long-standing cases an attempt may
also be made to unite the cut tendon if the patient’s general state
of health is favourable and there is no evidence of extensive
destruction of the tendon or of its adhesion to the neighbouring
structures. 'When the ends of the divided tendon are found to
have retracted and to be so far apart that they cannot be made to
meet, one end may be split longitudinally, but not quite to the
divided end, turned down and united to the other end by suture.
In some cases where the divided ends will not meet they may be
united by a leash of catgut. In other cases, as in the tendons of
the fingers, the distal end may be united laterally to a neighbouring
tendon.

D1srocATION oF A TENDON from its sheath or groove without
fracture or other injury occasionally occurs from a sudden twist
or strain. It is indicated by pain and partial or complete loss of
function of the affected muscle, swelling and ecchymosis ; whilst
on examination the displaced tendon may sometimes be felt in its
abnormal situation, or may be seen or felt, as in the case of the
peroneus longus, to suddenly leave its groove and protrude in front
of the malleolus during certain movements of the foot. The injury
i1s most common about the ankle, and in the forearm, back, ‘smd
neck. The treatment consists in replacing the tendon by manipu-
lation, breaking down any adhesions that may have formed, and
retaining it in place (which is often difficult) by a suitably applied
pad and bandage, or in the case of ankle or wrist by a plaster-of-
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Paris bandage, and subsequently by a leather support. In an
obstinate case in which all mechanical measures had failed I suc-
ceeded in making a new sheath for the tendon by dissecting up a
flap of periosteum from the fibula and sewing it over the tendon to
the soft tissue at the back of its groove on the malleolus,

RUPTURE OF A TENDON may occur as the result of external
violence or during some sudden and involuntary muscular action,
and is very common in the plantaris and tendo Achillis, and some-
what less so in the biceps (see Injuries of the Upper and Lower
Extremity). The tendon, except when the ends become widely
separated, as generally happens in the case of rupture of the long
tendon of the biceps, usually unites readily on the ends being
approximated and kept at rest in that position. ]

EVULSION or TEARING OUT OF A TENDON with a part of ifs
muscle occasionally occurs, as the result of catching the finger or
thumb in a machine, on a hook, &e. Part or the whole of a digit
is usually torn off, bringing away with it the flexor tendon, this
being more firmly attached to the bone than the extensor. In
consequence of the tendon-sheath being thus left open suppuration
is liable to extend along it into the forearm. Free drainage of the
wound and antiseptic dressings are then imperative.

INJURIES OF ARTERIES,

CONTUSION or BRUISING of an artery without laceration or other
injury of its coats is of occasional occurrence, and is said to be
followed by contraction and permanent diminution in the size of the
vessel, and even by gangrene of the limb. Little that is definite,
however, is known of this injury.

RUPTURE or SUBCUTANEOUS LACERATION of an artery may cceur
as the result of any severe violence, but is perhaps most often due
to the passage of a wheel over a limb, incautious attempts to reduce an
old dislocation of the shoulder, and excessive violence in breaking
down adhesions in stiff joints.

1. The rupture may be partial, i.e., the internal and middle coats
only may be torn. In such a case the external coat may subse-
quently yield to the pressure of the blood, thus laying the foundation
of an aneurysm : or the internal and middle coats may be folded
inwards into the interior of the vessel, obliterating its calibre, and
in this way may cause, especially if the vein is also injured,
gangrene of the limb (Fig. 57).

2. The rupture may be complete, i.e.,all the coats may be torn across.
Here in a similar manner the artery may become occluded without
any hsemorrhage ; or bloud, often in enormous quantities, may be
poured out into the tissues of the limb. In either case gangrene
may ensue, especially if the vein is also ruptured and the injury
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oceurs in the lower extremity. Sometimes the extravasated blood,
particularly in the upper extremity, may become encysted, a sac
being formed for it by the inflammation and condensation of the
surrounding tissues. This condition is called a circumseribed
traumatic aneurysm in contradistinction to diffused traumatic
aneurysm, the term sometimes applied to the injury when the
blood is simply extravasated into the tissues, though in this latter
case the name ruptured artery is more appropriate.

The symptoms vary according to the nature of the injury, When
the main artery becomes occluded there will be pain at the seat of
rupture and cessation of the pulse
below, while later gangrene will
probably, though not invariably,
ensue, Should the artery not be
occluded, blood in large quantities
will escape into the tissues, giving
rise to a rapidly increasing swelling,
in which no pulsation can be de-
tected, although a bruit may some-
times be heard; the limb becomes
cold, and livid, and swollen, and the
pulse, as a rule, can no longer be
felt in the arteries below. When
the extravasation is very large, con-
stibutional symptoms of heemorrhage

2 iy will also be present, and signs of
i artion of the . gangrone, if the ruptursd ariry s
folding of the internal and 1M the lower limb, will ])1'0]:}&331_}?
middle coats without injury Soon supervene, since not only is
of the external coat, the main arterial supply cut off, but
the collateral flow and venous return
are also impeded by the pressure of the extravasated blood on the
collateral arteries and veins. On the other hand, should the
blood, as occasionally happens in the upper limb, become encysted,
the swelling will slowly assume the characters of an ordinary
aneurysm.

Treatment.—(a) When the artery is occluded all that ean be done
1s to endeavour to prevent gangrene occurring by maintaining the
warmth of the limb till the collateral eirculation has had time to
become established. Should gangrene occur amputation must be
performed as soon as a line of demarcation has formed. (b) When
blood in large quantities is extravasated into the tissues the treatment
will depend on the situation of the ruptured artery. Thus, in the
case of the popliteal, amputation is usually called for, especially if
the vein is also ruptured, as gangrene, for the reasons Stl}tﬂﬂ above,
will almost invariably ensue if the main artery is tied either above
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or at the seat of rupture. In the case of the axillary, however,
where the collateral circulation is much more free, the ruptured
artery may be cut down upon and secured above and below the

bleeding spot. PR A i
WouNDs OF ARTERIES may be divided into the penetrating and

the non-penetrating.

1. The non-penetrating ave those in which either the outer only,
or the outer and middle coats, are notched or torn. Here the wound
may heal, or the uninjured coat or coats may ulcerate, or give
way, and hsemorrhage ensue, or may gradually yield, as may also
the cicatrix left on the healing of the wound, to the pressure of
the blood, and lead to the formation of an aneurysm.

2. The penetrating arve those in which the interior of the artery
is laid open. In this case much will depend upon the size of the
artery, and whether it is completely or only partially cut across,
and upon the direction and size of the wound.

(a) Wounds of large arteries, as the aorta or pulmonary artery,
whatever their nature, are usually immediately fatal.

(b) Wounds of arteries of the second and third degree, as the
femoral and brachial. If the artery is completely divided, and the
edges of the wound are cleanly cut, repeated hsemorrhages rapidly
terminating in death will generally ensue; but if the edges are
uneven and ragged, as in the avulsion of a limb by machinery or
by a cannon ball, the external coat becomes twisted up, and the
middle and internal coats retract and contract, a elot forms within
the vessel, and no heemorrhage occurs. If the artery is partially
divided and the wound is made transversely to the long axis of the
vessel, the longitudinal tension of the elastic coat causes the wound
to assume a diamond shape, and severe hsemorrhage will ensue;
but if the wound is made parallel to the long axis of the vessel,
and 1s small (a mere puncture) it may heal by adhesive inflamma-
tion. In the latter instance the cicatrix may remain permanent, or
1t may subsequently yield, producing a traumatic aneurysm.

(¢) Wounds of medium-sized arteries, as the radial and tibials,
are attended, when the vessel is completely and evenly divided, by
sharp hsemorrhage, followed by syncope, and temporary arrest
tfrom the formation of a clot. The artery may then become per-
manently occluded ; usually, however, as the heart’s power is
restored the clot is washed away and hseemorrhage recurs. In this
way hemorrhages, alternating with temporary arrests, continue
until death ensues from exhaustion. When the edges of the
wound are uneven, or the artery is only partially divided, the
effects are similar in each case to those described above in arteries
of larger size.

. (d) Wounds of small arteries.—If the artery is completely divided
1t will usually become occluded in the way described under Nature's

- R
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Method of arresting Hwemorrhage (p. 114); but if only partially
divided such ocelusion does not, as a rule, take place, and repeated
hsemorrhages follow. Complete division will then often suffice to
cause its occlusion, a plan which was frequently resorted to when
bleeding from the temporal was practised.

When the wound through the soft tissues leading to a wounded
artery is small or of a punctured character the superficial part of
the wound may close, whilst the blood continues to be extravasated
from the wounded vessel into the deeper part, where it may become
encysted from the condensation of the soft tissues around (eircum-
seribed trawmatic aneurysm).

TREATMENT OF WOUNDED ARTERIES.—1. When an artery is seen
spouting in an open wound a ligature should at once be applied to
the bleeding end. Other methods of securing the vessel, as torsion
or acupressure, may of course be used if preferred; but as the
ligature is almost invariably used at my own School, I shall, to
prevent repetition of what has been already said under Arrest of
Heemorrhage (p. 116), speak of ligature only in the context.

2. When the end of a large artery is seen pulsating, but not
bleeding in consequence of it having been torn across, I should,
myself, apply a ligature to it as a precaution, though by some this
would not be considered necessary.

3. When an artery 1s exposed for some distance in its continuity
two ligatures had better, as a rule, be applied and the artery divided
between them, especially if it be notched or bruised.

4. When an artery has ceased to bleed, even though the hsemor-
rhage may have been sharp, the wound should on no account be
enlarged for the purpose of tying the bleeding vessel, unless it can
be seen or felt ; since not only may it not bleed again, but as the
bleeding has ceased it may also be difficult or impossible to find it.
In such a case, however, especially if the patient is much collapsed,
he should be watched for the first sign of any return of the hemor-
rhage, firm pressure in the meantime being applied over the
wound, and where practicable over the course of the main artery
above and below. The whole limb, moreover, should be ecarefuiiy
bandaged from below upwards.

5. When the hsmorrhage is moderate and clearly arterial, the
external wound small, and the artery not seen, pressure should be
applied in the way mentioned above, and will probably suffice.

6. When the bleeding is severe and evidently arterial, and the
external wound is still open, whether the wound be deep, recent,
inflamed, or sloughing, the well-established rule—to which, how-
ever, there are of course exceptions—is fo cut down upon the bleeding
point and apply a ligature to each end of the artery if divided, or
above and below the wound if the artery is punctured or only partially
cut across. To do this it is generally sufficient to enlarge the
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wound in the soft tissues; but where the wound is on one side of
the limb and the bleeding apparently comes from an artery on the
other, a probe should be passed through the wound, its projecting
point cut down upon, and the bleeding artery sought through this

incision and tied as above.

The object of this procedure is to

prevent the necessity of making a very large wound.,
The reasons for tying an artery at the place where it is wounded

are :—1. It is often impossible to deter-
mine, without cutting down upon it, what
artery i1s bleeding, and should the alterna-
tive plan of securing the main artery higher
up be adopted, the wrong artery after all
may be tied and the bleeding continue.
Thus, for example, in a supposed wound of
the femoral it might be the profunda, or
even a small musecular branch, that was
bleeding. 2. Even supposing the main
trunk were the one wounded, the blood
might still be carried by the collateral
vessels into the artery beyond the liga-
ture either above or below the wound in
the vessel, and bleeding recur from either
the proximal or distal end (Fig. a8).
3. Should, moreover, ligature of the main
artery higher up thus fail to arrest the
hzemorrhage, not only will the patient be
further reduced by loss of blood, but the
subsequent ligature, which will then pro-
bably in the end have to be applied to
the bleeding artery in the wound, may
through the extra interference with the
collateral vessels induce gangrene of the
limb. 4. Tying the main artery above is
in itself in some cases a more dangerous
and difficult procedure than enlarging the
wound. .

T'he reason for applying a ligature to both
ends of the vessel if it is divided, or above

Fre. 58.—Diagram to

illustrate the manner
in which, after a liga-
ture has been applied
at a distance from a
wound in an artery, the
blood may be ecarried
back again into the
artary above and below
the wounded spot by
collateral vessels, The
arrows indicate the
direction of the blood
current,

and below the wound if it is merely punctured or only partially cut
across, 18 that ligature of the proximal end only may be insufficient

to arrest the heemorrhage, since the blood,

be carried round by the collateral channel
the wound and may thence escape by the o

Quite recently several successful cases
which a wound in an artery has been sutw

Bl i

as seen in Fig. 58, may
s into the artery below
sen distal end,

have been reported in

i ed, the stitches being so
passed as to bring the endothelial surfaces into contact,

Save 1n
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exceptional cases, this procedure seems to me to possess no special
advantage, and might expose the patient not only to the risk of
secondary hwmorrhage, but also to aneurysm from the yielding of
the cicatrix,

In some instances the above rule of cutting down upon and tying
the artery at the wounded, spot cannot be carried out. Thus, where
the artery is inaccessible, as in punctured wounds of the tonsil, or
about the angle of the jaw where important structures would be
damaged by enlarging the wound, it may be necessary to tie one of
the carotids. Moreover, it may at times be safer to remove a limb
than to search for the bleeding vessel, as for instance in wounds of
the posterior tibial artery in the upper third of the leg, especially if
the injury is complicated by fracture. Again, it may not only be
found impractieable to ligature the artery at the wounded spot, but
also impossible to tie or even compress the main vessel nearer the
heart, as for instance 1n wounds of the subelavian above the clavicle.
Here all that can probably be done is to trust to pressure firmly
applied to the wound. :

‘Whilst cutting down upon a bleeding artery hseemorrhage should
be restrained by the use of an Esmarch’s bandage, or by the tour-
niquet or the fingers applied to the main artery above the wound ;
and in the case of a wound of the external iliac or gluteal by Davy’s
lever passed up the rectum and made to compress the common iliac.
Where it is impracticable to control the bleeding in any of these
ways the wound, if necessary, should be sufficiently enlarged to
admit one or two fingers, and the bleeding vessel, having been
recognized by the escape of warm blood, should then be compressed
by the finger, the wound further enlarged, and the artery secured
with the aid of an assistant before the finger is removed from the
bleeding spot.

Should gangrene ensue after ligature, and spread rapidly, ampu-
tation must be performed at the seat of ligature; but if it involves
only one or two fingers or toes, or spreads slowly, a line of demar-
cation should be waited for before amputating.

TRAUMATIC ANEURYSM.—Two forms are described, the diffuse
and the circumseribed.

The diffuse is practically a ruptured or wounded artery with
extravasation of blood into the tissues. There is no attempt at the
formation of a sac, and the term aneurysm applied to it is mis-
leading. (See Ruptured Artery, p. 187.)

The circumseribed may be formed in several ways, as already
stated under Rupture and Wounds of Arteries. Thus, 1. An artery
may be wounded, pressure be applied, the external wound heal, and
blood slowly escape into the tissues. 2. An artery may be wounded,
heal, and the cicatrix subsequently yield. 3. An artery may with-
out external wound be punctured by a fragment of fractured bone,
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or torn in reducing a dislocation, and blood in either case be ex-
travasated into the tissues. 4. An artery may be wounded but not
penetrated, and the uninjured coat or coats may yield to the pressure
of the blood. In all of these cases the soft tissues around become
condensed and form the sac of the aneurysm. Where the aneurysm
is produced by the yielding of any portion of the arterial coat this
at first will form the sae, but sooner or later it will give way, and
the sac will then be formed by the condensation of the soft tissues
around, as when the blood escapes directly into the tissues. The
course, termination, and signs
of a circumseribed traumatic
aneurysm are similar to those of
a spontaneous aneurysm. The
treatment, however, inasmuch as
the artery in the neighbour-
hood of the sac will probably be
healthy, differs from the treat-
ment of a spontaneous aneurysm
in that the artery may be tied
immediately above the sae, or
the sac may be laid open and
the vessel tied above and below.
hve boun trented by oxtinpaton, 1%, 20—Disgrun of arario-venous
= . Aneurysim., A, J‘.'I'IE'.H.}'&-I'I'I-'_II Varix.
The sae 1s cut down upon, the . Varicose aneurysm.
artery on the proximal side tied
in two places and divided, the sac dissected up intact, and the
artery on the distal side secured. I have during the last few years
treated three cases in this way. The wounds healed by the first
intention,

ARTERIO-VENOUS ANEURYSM is a pulsating tumour depending
upon an abnormal communication of an artery with a vein. There
are two kinds: in one the communication between the artery and
vein is direct (Fig. 59, o), and the arterial blood is forced into the
vein at each beat of the heart, causing its walls to be dilated into
a fusiform or sac-like swelling (aneurysmal variz); in the other
(Iig. 58, B), the blood first passes into a small aneurysm formed by
condensation of the tissues between the artery and vein and thence
mto the vein, the dilatation of the vein being consequently less
than in the preceding variety (varicose aneurysm). Both forms ma ¥
occur spontaneously, but are usually the result of some mjury,
as a stab, wounding the walls of both vessels. The lesion was of
common occurrence at the bend of the elbow when venesection was
mn vogue, the lancet passing through the median basilic vein and
bicipital fascia into the subjacent brachial artery. Signs.—An
aneurysmal varix gives rise to a pulsating tumour in which a
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peculiar bruit, compared to the buzzing of a fly in a paper box,
is heard. The artery is dilated and thinned above owing to the
i‘il‘.t]‘.iﬂd.flnl.."llt to the circulation, and is smaller below ; whilst the vein
18 dilated, especially above, and pulsates. In varicose aneurysm,
in addition to the above signs, which are common to both forms,
an ordinary aneurysmal bruit can be heard. 7Treatment.—In
aneurysmal varix some form of elastic support should be applied,
or, if the swelling is increasing, the artery tied above and below its
point of communication with the vein; or, better, the swelling may
be cut down upon, and a ligature placed above and below the
opening in both the artery and the vein and the intermediate portions
of both vessels excised. In varicose aneurysm pressure may first
be applied to the artery above the sac, combined with direct pressure
on the sac. If this fails the artery must be tied above and below
the sac, since if left to nature there is grave danger of rupture and
heemorrhage. When the carotid or the femoral artery and the
adjoining veins are the subject of the lesion, no operative treat-
ment as a rule should be undertaken unless the lesion is recent,
and the blood as well as passing into the vein is being likewise
extravasated into the tissues, and threatening to break through the
external wound. In such a case, should pressure applied to the
main artery and over the site of the wound fail, the artery must
be cut down upon and tied above and below the wound. Unless
pressure controls the heemorrhage from the vein, a lateral ligature
must be placed on the wound in its wall, or, if the wound is too
large to admit of this being done, the whole vein may be tied above
and below the wound, and then divided between the ligatures. In
a case of this kind I successfully tied both the femoral artery and
vein,
INJURIES OF VEINS,

RUPTURE or subcutaneous laceration of a vein oceasionally occurs
from causes similar to those producing rupture of an artery—an
aceident, moreover, with which it is frequently associated. When
the vein is of large size much blood may be extravasated into the
tissues, and may produce gangrene by pressure on the vessels
carrying on the collateral circulation, though such a result is much
less common than after rupture of an artery. The blood, except
when the extravasation is large, is usually absorbed, but may
break down and suppuration ensue.

Wounps,— Punctured and ineised wounds when small and parallel
to the long axis of even large veins readily heal by adhesive inflam-
mation without obliteration of the lumen of the vessel. At times,
however, a clot may form in the wound, and successive layers be
deposited upon it until ultimately the vein is occluded. When a
vein is completely cut across, as in amputations, it usually collapses
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as far as the next paiv of valves, a clot forms as high as the first
collateral branch, and the vein becomes permanently occluded in a
way similar to that described under Healing of Wounded Arteries.
In consequence, however, of the vein wall containing less elastic
and muscular tissue than an artery, bleeding sometimes continues
unless stopped artifically.

Treatment.—When the wound is a mere puncture in the continuity
of the vein, unless it is found that pressure will control the haemor-
rhage, the coats should be nipped up by forceps and a lateral ligature
applied so that the lumen of the vessel will not be obliterated. If
a vein continues to bleed during an amputation it should be tied
like an artery. A large wound, or one made in the Jongitudinal
axis of a large vein, necessitates ligature of the vein in two places
and the division of the vessel between the two ligatures.

The dangers of wounds of veins ave :—(a) Immediate. 1. Iwemor-
rhage. 2. Entrance of aiwr. (b) Remote. These are complications
depending chiefly on the size of the vein wounded and upon the
septic or aseptic conditions attending the injury. They are:—
1. Phlebitis. 2. (Edema. 3. Thrombosis. 4. Embolism. . Uleera-
tion, 6. Metastatic abscesses in organs connected with the wounded
vein. 7. Gangrene; and 8. Secondary hiemorrhage.

ENTRANCE OF AIR into veins is fortunately a rave accident. It
sometimes happens in operations about the root of the neck,
where the disposition of the cervical fascia prevents the veins col-
lapsing, and thus allows air to be sucked in during inspivation, Air
i1s known to have entered a vein by the hissing sound during
inspiration, the escape of frothy blood from the vein on expiration,
the wrgent dyspnoea, and the state of collapse into which the patient
immediately falls. On listening over the heart a peculiar churning
sound can be heard. Death in fatal cases usunally oceurs in a few
minutes, and is due to the admixture of blood and air preventing
the circulation through the capillaries of the lungs, and so causing
distension and consequent inertia of the right side of the heart.
Treatment.—The finger should at once be placed over the hole in
the vein to prevent more air entering, and a clamp or ligature
applied as soon as practicable. TPouring water into the wound has
been suggested both as a means of preventing the further entrance
of air during inspiration and of allowing that which is already in
to bubble out during expiration. The patient should be placed
with his head low to insure a sufficient supply of blood to the brain,
and for the same purpose the arteries of the extremities should be
compressed, whilst injections of ether or brandy should be given
subeutaneously to stimulate the heart. Artificial respiration should
not be performed till the vein is secured, lest morve air be sucked in.
To guard against the accident the veins should be clamped before
division, and in removing a tumour traction should not be made at
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the moment the vein is severed. It has been proposed to puncture
the right ventricle with a fine aspirating needle and suck out the
contained air,

INJURIES OF NERVES.

Wounns 0F NERVES.—A nerve may be completely or partially
divided, and the wound may be of an ineised, lacerated, contused,
or punctured character.

Pathology.—After complete division of a nerve the divided ends
slightly retract, and should union not be effected, either naturally
or by surgical means, the portion of nerve below the injury, being
cut off from its trophic centre, undergoes atrophy, and degenerates
throughout its entire length (IWallerian degeneration). In the
meanwhile the portion of nerve immediately above the wound is
converted into a bulbous swelling by the proliferation of the fibrous
tissue of the sheath and its prolongations within the nerve. The
nerve-fibres within the bulbous end, being compressed by the newly-
formed fibrous tissue, undergo atrophy and degeneration, but the rest
of the nerve above the injury remains unimpaired. On micro-
scopic examination of the bulbous end numerous young nerve-fibres
are seen in the fibrous tissue (Bowlby). Should union, on the other
hand, oceur, the process by which it is effected is briefly as follows :—
Inflammatory material is thrown out between the divided ends
and forms a delicate fibrous network bridging the gap; into this
the axis-cylinders of the upper end are said to grow out and unite
with the degenerated axis-cylinders in the lower end, which then
becomes gradually restored from above downwards. By some it is
believed that new axis-cylinders ¢ are developed from the nuclei of
the sheath of Sehwann in both the proximal and peripheral ends ™
(Bowlby). The exact manner, however, in which the union and
regeneration of the nerve is brought about is hardly accu;aj:ely
known. When a nerve is only partially cut across, the divided
portions may unite in the way above deseribed, or they may
become involved in the scar resulting on the healing of the soft
tissues, and then prove a source of much irritation to the rest of
the nerve. )

The effects of wounds of nerves in addition to the degeneration of
the portion below the wound arve:—I. Paralysis of motion and
sensation of the parts supplied by the nerve. 2. Subsequent
wasting, atrophy, and fatty degeneration of the paralysed muscles.
3. Certain trophic changes in the tissues whose nutrition is presided
over by the injured nerve, such as a glazed, smooth, cold, and bluish-
red condition of the skin, falling off of the hair, cracking and
deformity of the nails, local ulcerations and gangrene of the fingers,
&e. 4. A marked diminution of the temperature of the part, which
may be preceded for a few days or even a few weeks by a slight
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increase of two or three degrees. &. Affections of the joints re-
sembling rheumatism, and apt to terminate in more or laag. complete
ankylosis. 6. Ascending neuritis, which is attended with severe
pain in the cicatrix, pain shooting up the nerve, and pain in the
aren of its distribution, and 7. Very rarely, changes in the nerve-
centres of a functional or of an organic nature.

Signs.—The immediate symptoms are loss of funection in the parts
supplied by the nerve, viz., m