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PREFACE TO THE THIRD EDITION.

IN the preparation of the third edition of this work it has
been found necessary to add considerable new matter. This
necessity arises from a consideration of just criticisms, from
an enlarged experience in teaching, and because there have
been important additions to surgical science. The original
plan of the work, however, has not been departed from.

1629 LOCUST STREET,
Philadelphia, September, 1g9oo.






PREFACE.

THE aim of this Manual is to present in clear terms
and in concise form the fundamental principles, the chief
operations, and the accepted methods of modern surgery.
The work seeks to stand between the complete but cumbrous
text-book and the incomplete but concentrated compend.

Obsolete and unessential methods have been excluded in
favor of the living and the essential. There has been no
attempt to exploit fanciful theories nor to defend unprovable
hypotheses, but rather the effort has been to present the sub-
ject in a form useful alike to the student and to the busy
practitioner.

The opening chapter is devoted to Bacteriology because
the author profoundly believes that without some knowledge
of the vital principles of this branch of science the vast im-
portance of its truths will be ill-appreciated, and there will
be inevitable failure in the application of aseptic and anti-
septic methods.

Ophthalmology, gynecology, rhinology, otology, and lar-
yngology have not been considered, because of the obvious
fact that in the advanced state of specialized science only the
specialist is competent to write upon each of these branches.

In Orthopedic Surgery are discussed those conditions
which must in the very nature of things often be cared for
by the surgeon or the general practitioner (such as hip-joint
disease, club-foot, Pott’s disease of the spine, flat-foot, etc.).
The limited space at command precluded the introduction of
a special division on diseases of the female breast. A large
amount of space has been devoted to Fractures and Dis-
locations, the enormous practical importance of these sub-
jects calling for their full discussion. Operative Surgery is
considered in separate sections, the most important pro-
cedures being fully described, giving also the instruments
necessary, and the positions assumed by patient and operator.
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12 PREFACE.

This method has been adopted to fit the work for use in sur-
gical laboratories.

Many systems, manuals, monographs, lectures, and journal
articles have been consulted, and credit has been given in
the text for statements and quotations. Special acknowl-
edgment is due to the American Text-Book of Surgery,
edited by Keen and White; to the surgical works of
Ashhurst, Agnew, the elder Gross, Duplay and Reclus,
Esmarch, Albert, Koenig, Wyeth, and Bryant; to the Maxn-
ual of Surgery edited by Treves: to the /uternational En-
cyclopedia of Surgery edited by Ashhurst; to the Swrgical
Pathology of Billroth and of Bowlby ; to the Diagnosis of A.
Pearce Gould; to the Surgical Dictionary of Heath; to the
Rest and FPain of Hilton; to the works on operative sur-
gery of Barker, Jacobson, Treves, Stephen Smith, and Joseph
Bell; to the Minor Surgery of Wharton; to the dictionary
of Foster and of Gould ; to the Principles of Surgery of Senn;
to the orthopedic writings of Sayre ; to the work on Discases
of the Male Generative Organs of Jacobson; to the System
of Genito-urinary Diseases edited by Morrow; and to the
treatises on Fractures and Dislocations of Sir Astley Cooper,
Malgaigne, Hamilton, Stimson, and T. Pickering Pick.

The Author returns his thanks to the numerous writers
who courteously authorized the reproduction of special
illustrations, and particularly to Professors Keen and White
for their free permission to draw upon the American Text-
Book of Surgery, from which a number of pictures have been
taken, distinctively those referring to Bandaging; to Mr.
John Vansant for the great amount of labor so ably and
cheerfully performed; and to Dr. Howard Dehoney for
the preparation of the Index.

2050 Locust Street, Philadelphia,
October, 1894.
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MODERN SURGERY.

1. BACTERIOLOQGY.

BACTERIOLOGY is the science of micro-organisms. Though
a science in the youth of its years, bacteriology has not only
profoundly altered, but it has also revolutionized, pathology,
and our views of surgery would be incomplete, misleading,
and erroneous without its aid.

Micro-organisms, microbes, or bacteria, are minute
non-nucleated vegetable cells of the class fungi, many of
them being visible only by means of a highly powerful
microscope and after they have been brightly stained. The
contents of these cells are protoplasm and nuclear chromatin
enclosed by a structure containing cellulose. The proto-
plasm can be stained with anilin colors, and the cell-wall is
more readily detected after treating it with water, which
causes it to swell. Many microbes are colored, others are
colorless. Some move (motile bacteria), others do not move
(amotile bacteria) ; among the motionless ones may be men-
tioned the bacilli of anthrax and tubercle, and all cocci.
Most bacteria can change from motile to amotile or from
amotile to motile when subjected to changed conditions of
life. The oscillations of cocci are physical and not vital in
nature; they are Brunonian or Brownian movements, move-
ments due to alterations in equilibrium because of currents
or changes of level in the fluid in which the organisms are
held. Bacteria possess the power of attracting elements
necessary for their nutrition (positive chemiotaxis or chemo-
taxis), and of repelling elements antagonistic to them (nega-
tive chemiotaxis or chemotaxis).

Definite knowledge of these ginute bodies and of their
actions dates from the study of fermentation by the cele-
brated Frenchman Pasteur, who in 1858 asserted that every
fermentation has invariably its specific ferment; that this
ferment consists of living cells ; that these cells produce fer-
mentation by absorbing the oxygen of the substance acted

2 17



18 BACTERIOLOGY.

upon; that putrefaction is caused by an organized ferment ;
that all organized ferments are carried about in the air; and
that entirely to exclude air prevents putrefaction or fermenta-
tion. These statements, which were radical departures from
accepted belief, inaugurated a bitter controversy, and in that
controversy were born the microbic theory of disease, the
doctrine of preventive inoculation, antiseptic surgery, and
serum-therapy.

The word microbe, which signifies a small living being, was
introduced in 1878 by the late Professor Sédillot, of Pans. At
that time the nature of these bodies was in doubt; some
thought them animal, and called them microzoaria,; others
thought them vegetable, and called them microplyvta, the
designation “ microbe "’ does not commit us to either view.
We now know them to be vegetable, but the term “mi-
crobe ” has remained in use.

The micro-organisms connected with disease in man are
divided into three classes:

1. Yeasts, Saccharomyces, or Blastomycetes ;

2. Moulds, or Hyphomycetes;

3. Bacteria, or Schizomycetes.

Yeasts include most of those fungi which can cause alco-
holic fermentation in saccharine matter. They consist of
small cells which can live without free oxygen, and which
multiply by gemmation or budding. When a cell multi-
plies a small bud of protoplasm projects from or near the
end of the cell. This bud increases progressively in size and
a constriction appears between the bud and the parent-cell.
The constriction deepens as the projection enlarges, until
the bud attains the size of the parent. Thus a chain or
series of rounded yeast-cells is formed. These cells contain
spores when nourishment is insufficient. The yeasts resem-
ble algae in many respects, but contain chlorophyll, and are
to be regarded as fungi. The chief importance of yeasts is
that they cause fermentation; they never invade human
tissues, though they can dwell on mucous membranes, and
even in the stomach. Oidium albicans is a yeast-fungus
whose growth upon the mucous membrane of the mouth,
pharynx, and esophagus causes the disease known as
“thrush.” Pekelharing says that pityriasis is due to the
saccharomyces capillitii.

Moulds consist of filaments, each filament being composed
of a single row of cells arranged end to end, and all filaments
springing from a germinal tube which grows from a germi-
nating spore. Moulds are largely connected with processes
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of decay. Some of them grow upon inflamed mucous mem-
brane, and some invade the epidermis, producing certain skin
diseases (favus, tinea tonsurans, tinea versicolor, etc.).

Actinomycosis (Fig. 1) and Madura-foot arise from the
lodgement and growth of moulds. Actinomycosis is a disease
seen in cattle, and occasionally in men, especially in drovers,
Cattle become infected usually through their food, the fun-
gus entering by a hollow tooth or by a breach of continuity
in mucous membrane. The lower jaw is usually the seat of
involvement in cattle (lumpy jaw). A tumor forms, which con-
tains sero-pus, and after a time ruptures and discharges mat-
ter containing nodules composed of fungi. The bone may
undergo extensive destruction.

Other bones and various organs
may be infected.

Madura-foot, or mycetoma, is
an endemic disease of India, which
is probably due to infection with
the chionypha Carteri. The foot
swells and becomes covered with
pustules; the pustules rupture and
expose sinuses ; each sinus is lined with a firm membrane and
is filled with material which looks like the roe of a fish. The
bones are often extensively destroyed, and gangrene not un-
commionly arises.

Bacteria chiefly claim our attention. It is important to
remember that the term * bacteria,” though applied to the
class scluizomycetes, has also a more restricted application—
that is, to a division of the class; it may mean cithér sckizo-
mycctes in general, or rod-shaped sckizomycetes, whose length
is not more than twice their breadth.

Some of the sclhizomycetes induce certain fermentations;
others grow upon dead organic matter, but are not able to
invade living tissues, and are called saproplytes or non-
pathogenic bacteria; still others, known as the pathogenic,
invade living tissue and cause various diseases. Parasitic
bacteria can grow on or in the tissues of the body. Obligate
parasites are those which have not been cultivated outside
of the body (as the bacilli of leprosy). Facultative parasites
usually live outside the body, but may enter into the body
and produce disease. The schizomycetes vary much in
shape, size, color, arrangement, mode of growth, and action
upon the body. One form cannot be transformed into
another, but each maintains its specific identity. Every
organism comes from a pre-existing organism, this being true
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of all forms. Pasteur proved that spontaneous generation is
impossible.

Forms of Bacteria.—The three chief forms of bacteria
are—

1. The Coccus or Micrococcus—berry-shaped, oval, or
round bacterium (Fig. 2);

2. The Bacillus—rod-shaped bacterium (Fig. 3);

3. The Spirillum—corkscrew-shaped or spiral bacterium
(Fig. 4). A short spiral organism is called a comma bacillus.
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F16. 2.—~Micrococcus. Fi1G. 3.—Bacillus. F16. ¢—Spirillum.

De Bary compares' these forms, respectively, to the bil-
liard-ball, the lead-pencil, and the corkscrew.

Coceci and Bacilli.—We have to do only with coccz and
bacilli. Cocci may be designated according to their arrange-
ment with one another; namely, when existing singly they

[ 4
l..‘~l~
ey
-:0'

[ ]

&
—d

»

c

F1G. s.—Forms of cocci. F1G. 6.—Zodglea (Ball).

are called monococci ; in pairs they are called diplococci (Fig.
5, A); in a chain they are called streprococci (Fig. 5, ¢); in a
cluster like a bunch of grapes they are called staplylococci
(Fig. 5, B); in groups of four they are called zetracocei; in
groups of eight they are called sarcina or wwool-sack cocci.
Irregular masses, resembling frog-spawn, constitute zooglea
masses (Fig. 6). The gelatinous matter in such a mass is
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formed by a transformation in the walls of the bacteria. The
term ascococci is applied to a group of cocci enclosed in a
capsule (G. S. Woodhead).

The cocci are often named according to their function, as,
for example, “ pyogenic,” or pus-forming. Cocci may be
named according to the color of the culture, The name
may embody the form, arrangement, color, and function ; for
instance, Stapliylococcus pyogenes auwrcus signifies a round,
golden-yellow micro-organism, which arranges itself with its
fellows in the form of a bunch of grapes, and which pro-
duces pus.

The bacilli are long, staff-shaped organisms. Long, deli-
cate, jointed bacilli having wavy outlines are known as /epto-
thrix forms. Chain-like bacilli are called strepro-bacills.
Bacilli give origin to many surgical diseases,

Multiplication of Bacteria.—Bacteria multiply with
great rapidity when placed under suitable conditions. They
can multiply by fission or by spore-formation. Some bacteria
multiply by both methods. In fission, or segmentation, the
cell elongates and about its middle a constriction begins,
which deepens until the cell has divided into two parts,
each of which soon grows as large as its parent (Figs. 7, 8).

Fi6. 8.—Divisions of a bacillus (after Macé).

All cocci and some bacilli multiply by this method. If
segmentation of a single cell and the growth to maturity
of its products require one hour (it really takes place in less
time, the cholera bacillus requiring but twenty minutes to
divide). a single cell in a single day, if the conditions for in-
crease are ideally favorable, will have sixteen million de-
scendants, and in three days the mass of new cells would
weigh 7500 tons (Cohn). In order, however, for such enor-
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mous multiplication to occur conditions would have to be
absolutely favorable to the cells, and conditions are never
absolutely favorable. Were it otherwise all other forms of
life would be destroyed.

Spores.—A spore is a germ, and corresponds with the
seed of a plant. Most of the bacilli multiply by spore-
formation. Cocci do not undergo spore-formation after the
manner of bacilli, though some observers maintain that
cocci occasionally undergo an alteration that makes them
very resistant to any destructive influences (arthrospores).
When spore-formation is about to occur in a bacillus points
of cloudiness appear in the protoplasm, the cell generally
elongates, and in twenty-four hours the cell is found to consist
. of a series of segments like a necklace of beads, each segment
containing a full-grown spore (Fig. 9). The wall of the cell
now liquefies, the segments
separate, the spores are set
free, and each spore under
favorable conditions be-
comes a bacillus. When
the initial cloudiness ap-
pears in the middle of the
cell and but one spore
forms, it is called an * endo-
spore;” when it appears at
one or both extremities it
is christened an *end-
spore” or “endspores.”
When multiplication is by
a single endospore the ba-
cillus does not elongate. When multiplication takes place
by a process of combined spore-formation and fission the
mother-cell divides into a number of daughter-cells, which
are called arthrospores. Organisms which when active
multiply by fission take on spore-formation when subjected
to certain conditions.

Spore-formation tends to occur when bacilli are about to
die for want of nourishment or when there is an excess of
oxygen present. Each cell, as a rule, contains but one spore,
but may contain several. The spore has a dense envelope
or covering which is very resistant to destructive agents. So
resistant is the covering that twice the amount of heat is
necessary to kill a spore as to kill an active adult cell.
Spores when placed under conditions unfavorable for devel-
opment may remain inactive for an indefinite period, just as

F1G. 9.—Sporulation (after De Bary).
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seeds remain inactive when unplanted. When spores en-
counter favorable conditions they at once develop into adult
cells, just as seeds develop when planted. It seems prob-
able that spores occasionally remain dormant in the human
body for long periods, and finally awaken into activity be-
cause of injury or disease of the tissue in which they lie.

Life-conditions of Bacteria.—In order to grow and
to multiply, bacteria require a suitable soil and the favoring
influences of heat and moisture. The soil demanded con-
sists of highly organized compounds rather than crude sub-
stances, and slight modifications in it may prove fatal to
some forms of bacterial life, but highly advantageous to
others. Some organisms require albuminous matter, others
need carbohydrates ; they all require water, carbon, nitrogen,
oxygen, hydrogen, and certain inorganic materials, especially
lime and potassium (Woodhead). All organisms require
water. If dried, no micro-organisms will multiply, and
many forms will die. The fluid and tissues of the individual
may or may not afford a favorable soil for the germs of a
disease, or, in the same person, may afford it at one time
and not at another. Some individuals seem to possess
indestructible immunity from, and others are especially
prone to, certain contagious diseases. Impairment of health,
by altering some subtle condition of the soil, may make a
person liable who previously was exempt.

The presence of oxygen influences microbic growth. Most
organisms thrive best when exposed to the oxygen of the
air, and they are known as “aérobic.” The term ‘anaéro-
bic” is employed to designate organisms that can grow and
multiply and produce particular products only when air is
absent, free oxygen being fatal to them. Tetanus bacilli
and the bacilli of malignant edema are anaérobic. An
organism which can grow indifferently where oxygen is abun-
dant or where free oxygen is absent is called a ‘“faculta-
tive-aérobic ”’ bacterium. It may need oxygen; but if it does,
it is able to obtain it from the tissues when air is excluded.
A sensitive organism which dies when the amount of oxygen
is even slightly diminished is called an “ obligate-aérobic”
bacterium. Most microbic diseases in man are due to facul-
tative-aérobic bacteria. )

Effect of Motion, Sunlight, Heat, and Cold.—The
majority of fungi grow best when at rest; agitation retards
the growth of some and kills others. Sunlight antagonizes
the growth of certain bacteria, especially tubercle bacilli and
the bacilli of typhoid fever. Temperature influences bacte-
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rial growth. Some organisms will only grow within narrow
temperature-limits, while others can sustain sweeping altera-
tions, but most grow best between the limits of from 86° to
104° F. Freezing renders bacteria motionless and incapa-
ble of multiplication, but it does not kill them: they again
become active when the temperature is raised. The absurd-
ity of employing cold as a germicide is evident when the fact
is known that a temperature of 200° F. below zero is not
fatal to germ-life, cell-activities by such a temperature only
being rendered dormant. High temperatures are fatal to
bacteria; moist heat is more destructive than dry heat, and
adult cells are more easily killed than spores. A temperature
less than 212° F. will kill many organisms, and boiling will
kill every pathogenic organism that does not form spores.
Some spores are not destroyed after prolonged boiling, and
some will withstand a temperature of 120° C. As a practical
fact, however, boiling water kills in a few minutes all cocci,
most bacilli, and all pathogenic spores; though the spores
of anthrax, tetanus, and malignant edema are harder to kill
than are the spores of other bacteria.

Chemical Antiseptics and Germicides.—It is neces-
sary to make a distinction between deodorizers, antiseptics,
and germicides.

A dcodorizer is an agent which destroys an offensive odor.
It is true that an offensive odor may be due to microbic
growth. Tt is also true that nasty odors may prove injurious
to those who inhale them. But, nevertheless, the odor is
the result of microbic action, and destroying an odor does
not render harmless the bacteria which caused it. Charcoal
is a well-known deodorizer.

An antiseptic is an agent which retards or prevents putre-
faction. It acts by weakening or killing saprophytic organ-
isms.

A germicide or disinfectant is an agent which is fatal to
bacteria. The destruction of the germs of disease in cloth-
ing, in excreta, in a wound, etc., is known as disinfection.
Disinfection of a wound, dressings, or instruments is called
also sterilization.

Many chemical agents will kill bacteria, the most certain
of them all being corrosive sublimate. Koch showed that
corrosive sublimate is an efficient test-tube germicide when
present in the proportion of only 1 part to 50,000. Itis used
in surgery in strengths of 1 part of the salt to 1000, 2000,
3000, or more parts of water. Badly infected wounds are
occasionally irrigated with solutions of a strength of 1 to
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500. Contact with albumin precipitates from a solution of
corrosive sublimate an insoluble albuminate of mercury
which forms upon the surface of the wound, is not a germi-
cide, and prevents deep diffusion of the mercurial fluid. In
surgical operations by the antiseptic method the mercurial
salt should be combined with tartaric acid in the proportion
of 1 to 5, which combination prevents the formation of the
insoluble albuminate of mercury.

But though corrosive sublimate under certain conditions
is very powerful, it is not always absolutely reliable. Many
spores are very resistant to its action. Even a 1 per cent.
solution of bichlorid of mercury is not certainly destructive
of the spores of anthrax. Geppert tells us that anthrax-spores
may be active after a 25-hour immersion in a 1 : 100 solution
of sublimate (Schimmelbusch). In the presence of hydrogen
sulphid corrosive sublimate i1s useless, inert and insoluble
sulphid of mercury being precipitated; hence corrosive sub-
limate is without value as a rectal antiseptic; in fact, Gerl-
oczy has proved that a concentrated aqueous solution of
sublimate will not disinfect an equal quantity of feces. Cor-
rosive sublimate contained in dressings after a time undergoes
decomposition and ceases to be a germicide. It is not ger-
micidal in fatty tissues because it is unable to attack bacteria
which are coated with oil. Corrosive sublimate is very irri-
tating to the tissues and causes copious exudation. Hence,
after tissues have been irrigated with this agent drainage
must be employed. In some cases the irritated tissues lose
to a great extent their power of resistance, and infection may
be actually facilitated by irrigation with sublimate. In rare
instances corrosive sublimate is absorbed and produces poi-
soning. In spite of these shortcomings and drawbacks it is
a valuable aid to the surgeon and must be frequently used,
especially upon the skin of the patient and the hands of the
operator and his assistants. It should be dissolved in dis-
tilled water, because ordinary water causes a precipitate to
form (common salt prevents the formation of this precipi-
tate).

Because of the fact that corrosive sublimate is poison-
ous and very irritant, it should not be used upon serous
membranes. It is absorbed quickly from serous membranes
and destroys the endothclial cells, and should not be intro-
duced into the pleural sac, into joints, or into the peritoneal
cavity. It should never be put within the dura, and should
not be applied, in strong solution at lcast, to mucous mem-
branes. It is better to make the solution when it is needed, so
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as to have it fresh, for in old solutions much of the soluble
corrosive sublimate has been converted into insoluble oxy-
chlorid, and the fluid has ceased to be germicidal. In order
to make up fresh solutions use tablets, each of which con-
tains about 7} grains of the drug—one of these tablets added
to a pint of water makes a solution of a strength of 1 to
1000. Tablets which also contain ammonium chlorid are
more soluble than those which contain corrosive sublimate
only. Hot solutions of the drug are more powerfully germi-
cidal than cold solutions. As corrosive sublimate is irritant,
leads to profuse exudation, and may produce tissue-necrosis,
it should never be introduced into an aseptic wound. In
such a wound it can do no good and may do much harm.

Griffin, in Foster’s Practical Therapeutics, sets forth the
strengths of solutions applicable to different regions:

For disinfection of the surgeon’s hands and the patient’s
skin, 1 : 1000; forirrigating trivial wounds, 1 : 2000; for irri-
gating larger wounds and cavities, I : 10,000 to I : 5000 ; for
irrigating vagina, I : 10,000 to I : 5000; for irrigating urethra,
1 : 40,000 to I : 20,000; forirrigating conjunctiva, 1 : 5000;
for gargling, 1 : 10,000 to 1 : 5000.

Instruments cannot be placed in corrosive sublimate with-
out being dulled, stained, and corroded.

Corrosive sublimate may be absorbed from a wound, a
serous surface, or a mucous membrane, ptyalism and diar-
rhea resulting. The absorption of bichlorid of mercury may
be followed by cramp in the limbs and belly, feeble pulse,
cold skin, extreme restlessness, and even collapse and death.
At the first sign of trouble withdraw the drug and treat the
ptyalism (page 257).

Carbolic acid is a valuable germicide in the strength of
from 1:40to 1:20. Itis certainly fatal to pus-organisms,
but weak solutions do not destroy spores. Unfortunately,
this acid attacks the hands of the surgeon; consequently in
the United States it is chiefly employed as an antiseptic me-
dium in which to place the sterilized operating-instruments,
or as a germicide to prepare the skin of the patient before
the operation is performed.

Carbolic acid is very irritant to tissues, and carbolized
dressings may be responsible for sloughing of the wound or
dry gangrene. Because of its irritant properties wounds
which have been irrigated with it should be well drained.
Carbolic acid, like corrosive sublimate, is inert in fatty tis-
sues.  Carbolic acid is readily absorbed, and may thus pro-
duce toxic symptoms. Absorption is not uncommon when



CARBOLIC ACID. 27

the weaker solutions are used, but rarely occurs when a
wound has been brushed over with pure acid, because the
pure acid at once forms an extensive zone of coagulation,
which acts as a barrier to absorption. One of the early indi-
cations of the absorption of carbolic acid is the assumption
by the urine of a smoky, greenish, or blackish hue. This
hue appears a little time after the urine has been voided,
whereas the smoky hue of hematuria is noted in urine at once
after it has been passed. The condition produced by carbolic
acid is known as carboluria, and examination of such urine
shows a great diminution or entire absence of sulphates when
the acidulated urine is heated with chlorid of barium. The
diminution of precipitable sulphates is explained by the fact
that these salts are combined with carbolic acid, forming sol-
uble sulphocarbolates (Griffin). Such urine is apt to contain
albumin. If during the use of carbolized dressing or the
employment of carbolic solutions the urine becomes smoky,
the use of the drug in any form must be at once discon-
tinued, otherwise dangerous symptoms will soon appear.
These symptoms are subnormal temperature, feeble pulse
and respiration, muscular weakness, and vertigo. If death
occurs, it is due, as a rule, to respiratory failure. The treat-
ment of slow poisoning by carbolic acid consists in at once
withdrawing the drug, giving stimulants and nourishing food,
administering sulphate of sodium several times a day and
atropin in the morning and evening.

Pure carbolic acid is a reliable disinfectant for certain con-
ditions. It is used to destroy chancroids, to purify infected
areas, to disinfect the medullary cavity in osteomyelitis, to
stimulate granulation after the open operation for hydrocele
or to purify sloughing burns. The pure acid rarely pro-
duces constitutional symptoms, but it occasionally causes
sloughing. Its application causes pain for a moment only,
and then analgesia ensues. Even dilute solutions of carbolic
acid greatly relieve pain when applied to raw surfaces.

Carbolic acid is certainly fatal to but few bacteria and it
fails to kill most spores. It acts more slowly and less cer-
tainly than corrosive sublimate. It requires twenty-four
hours for a 5 per cent. solution to kill anthrax-spores. Pus
or blood (albuminous matter) greatly weakens the germicidal
power of carbolic acid, and fatty tissue cannot be disinfected
by it. It is not even the best of agents in which to place in-
struments, as it dulls them. After operation upon the mouth
itis used as a wash or gargle, 1 to 2 per cent. being a suitable
strength. It is used sometimes to irrigate the bladder and
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often to cleanse sinuses, but is not employed in the perito-
neal cavity, the pleural sac, or the brain. It is occasionally
injected into tubercular joints.

Creolin, which is a preparation made from coal-tar, is a
germicide without irritant or toxic effects. It is less power-
ful than carbolic acid, but acts similarly, and is used in emul-
sion of a strength of from 1 to 5 per cent.,and does not irri-
tate the skin like carbolic acid.

Peroxid of hydrogen is an excellent agent for cleansing
a purulent or putrid area. It comes in a 15-volume solu-
tion, which should be diluted one-half or two-thirds. It
probably destroys the albuminous element upon which bac-
teria live, and starves the fungi. When peroxid of hydrogen
is applied to a purulent area ebullition occurs, liberated oxy-
gen bubbling up through the fluid and the pus being oxi-
dized. The peroxid of hydrogen is not fatal to tetanus
bacilli ; in fact, tetanus bacilli can be cultivated in a strong
solution of it. Some surgeons use it to wash out appendic-
ular abscesses. It must not be injected into a deep abscess
in any region unless a large opening exists, as otherwise the
evolved gas may tear apart structures and dissect up the
cellular tissue. In a deep abscess of the neck the author
saw this agent almost produce suffocation, the gas passing
under the mucous membranes and nearly blocking the air-
passages. Peroxid of hydrogen should not be applied to
an aseptic wound. The use of peroxid should not be too
long continued, for if used for a considerable period it makes
the granulations edematous and retards healing. In fact,
its continued use may actually prevent a sinus closing.

Iodoform is largely used; it is not truly a germicide, as
bacteria will grow upon it, but it hinders the development
of bacteria and directly antagonizes the action of the toxic
products of germ-life. It canbe rendered sterile by washing
with a solution of corrosive sublimate. It is of the greatest
value when applied to infected areas and tubercular proc-
esses. Clinically, no real substitute for it has yet been
found. It need not be applied to clean wounds, but the
powder is very useful when dusted into infected wounds. It
prevents wound-discharges from decomposing and distinctly
allays pain. Gauze impregnated with iodoform is used to
keep abscesses open after evacuation, to drain the belly
after certain opcrations, to pack aside the intestines and
prevent their infection during some abdominal operations,
and as packing to arrest intracranial hemorrhage. Iodo-
form gauze will drain serum well, but will not drain pus.
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In fact, it blocks up a pus-cavity, and if retained long leads
to the collection of purulent matter behind and about the
supposed drain. If used in an abscess, it must be removed
in twenty-four or thirty-six hours. Tubercular joints and
cold abscesses are injected with iodoform emulsion, which is
made by adding the drug to sterile glycerin or olive oil.
The emulsion contains 10 per cent. of iodoform. A solution
in ether of a strength of 10 per cent. may be used to inject
the cavity of a cold abscess.

The drug must be used with some caution. Absorption
from a wound sometimes happens, producing toxic symptoms.
These symptoms are frequently misinterpreted, being usually
attributed to infection. The symptoms in some cases are
acute and arise suddenly, and consist of a hallucinatory de-
lirilum, nausea, fever, watery eyes, contracted pupils, metallic
taste in mouth, yellowness of the skin and eyes, an odor of
iodoform upon the breath, the presence of the drug in the
urine, the outbreak of a skin eruption resembling mecasles,
and excessive loss of flesh and strength. Patients with such
acute symptoms usually pass into coma and die within a
week. Such attacks are most apt to arise in those beyond
middle life (see Gerster and Lilienthal, in Foster’s Practical
Therapeutics). lodin can be recognized in urine by adding
a few drops of commercial nitric acid and a little chloroform.
When the mixture is shaken the chloroform will take up the
free iodin and become purple, and on standing the purple
layer will settle to the bottom of the tube. In chronic cases
of iodoform-poisoning the first symptoms usually observed are
moroseness, bewilderment, and irritability, followed by de-
pression with unsystematized persecutory delusions, delirium,
coma, and even death.

In systemic poisoning by iodoform, discontinue the use of
the drug and sustain the strength of the patient while nature
is removing the poison.

Iodoform sometimes produces great local irritation of the
cutaneous surface, shown by crops of vesicles filled with tur-
bid yellow serum or even bloody serum. These vesicles
rupture and expose a raw oozing surface, looking not unlike
aburn. The use of the drug must be at once abandoned,
for to continue it will not only increase the dermatitis, but
will produce constitutional symptoms. Wash the vesicu-
lated area with ether to remove iodoform, open each vesicle
and dress the part for several days with gauze wet with nor-
mal salt solution. After acute inflammation ceases apply
zinc ointment or cosmolin.
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Europhen is a powder containing iodin, and the iodin
separates from it slowly when the powder is applied to
wounds or ulcers. It does not produce toxic symptoms
readily, if at all, and is a valuable substitute for iodoform.
It is used especially in the treatment of ulcers and burns.

Nosophen is a pale yellow powder containing 60 per cent.
of iodin. Its bismuth salt is known as antinosin. Nosophen
is not toxic, is free from odor, and is the best of the substi-
stutes for iodoform.

Acetanilid is frequently used as a substitute for iodoform.
It is of value when applied to suppurating, ulcerating, or
sloughing areas, but it does not benefit tubercular con-
ditions. Sometimes absorption takes place to a sufficient
extent to cause cyanosis, sweating, and weakness of the pulse
and respiration. If cyanosis arises, suspend the administra-
tion of the drug and administer stimulants by the stomach.

Silver is a valuabl¢ antiseptic. Halsted and Bolton have
shown that metallic silver exerts an inhibitive action upon
the growth of micro-organisms and does not irritate the tis-
sues. Credé has demonstrated the same facts. These state-
ments indicate one great reason why silver wire is so useful
as a suture-material. Halsted is accustomed to place silver
foil over wounds after they have been sutured, and Credé
employs as a dressing a fabric in which metallic silver is in-
timately incorporated.

Credé considers silver lactate (actol) an admirable anti-
septic. It does not form an insoluble albuminate when
introduced into the tissues and is not an irritant. Silver
citrate (itrol) is said to be even a better preparation than
silver lactate, and it is a useful dusting-powder.

Formaldehyd, or formic aldehyd, has valuable antiseptic
properties. Formalin is a 40 per cent. solution of the gas in
water. Solutions of this strength are very irritant to the
tissues, but 2 per cent. solutions can be used to disinfect
wounds. The stronger solution is valuable for asepticizing
chancroids and other ulcers. The milder solution is used
to irrigate sinuses, tubercular areas, abscess-cavitics, and
suppurating joints. The vapor of formalin is used to disin-
fect wounds, and Wood suggests its employment in septic
peritonitis as a means of disinfection after the abdomen has
been opened. A 2 per cent. solution disinfects instruments
satisfactorily.

Formalin-gelatin has recently been introduced by Schleich
as an antiseptic powder. When applied to a clean wound it
gives off formalin and keeps the wound aseptic. When it is

~N
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applied to a sloughing surface it will not give off formalin
unless it is mixed with pepsin and hydrochloric acid. The
commercial preparation is known as glutol. Formalin-gela-
tin has been used to replace bone-defects.

Nucleins, especially protonuclein, possess . germicidal
powers. Protonuclein is of value in treating areas of in-
fection, particularly when sloughing exists.

Among other antiseptics and germicides of more or less
value we may mention trichlorid of iodin, iodol, chlorid of
zinc, chlorid of iron, loretin, salol, oxycyanid of mercury,
fluorid of sodium, argonin, sugar, mustard, lannaiol, bichlorid
of palladium (in very dilute solution), thymol, potash soap,
iodin, salicylic acid, boric acid, camphor, eucalyptol, cinnamon,
bromin, chlorin (as gas or as chlorin-water), cinnamic acid,
permanganate of potassium or of calcium, chlorate of potas-
sium, alcohol, normal salt solution, and oxalic acid.

The best germicide is heat, and the best form in which to
apply heat is by means of boiling water (even better than
steam). One can use boiling water upon instruments and
dressings, but rarely upon a patient. Jeannel, of Toulouse,
uses boiling salt solution in abscess-cavities, and some other
surgeons employ steam or boiling water to disinfect the
medullary canal in osteomyelitis. Nevertheless, boiling
water is rarely applied to the patient, and in many cases a
chemical germicide must be used. The surgeon should
always scrub his hands in a germicidal solution, and corro-
sive sublimate is one of the best we possess.

Distribution of Bacteria.—Microbes are very widely
distributed in nature. They are found in all water except
that which comes from very deep springs ;, in all soil to the
depth of three feet; and in air, except that of the desert, that
over the open sea, and that of lofty mountains.

Microbes may be useful. Some of them are scavengers,
and clean the surface of the earth of its dead by the process
known as “ putrefaction,” in which complex organic matter
is reduced to harmless gases and to a mineral condition.
The gases are taken up from the air by vegetables, and the
mineral matter is dissolved in rain-water and passes into the
soil from which it came, there again to be food for plants,
which plants will become food for animals. Other organ-
isms purify rivers; others cause bread to rise; still others
give rise to fermentation in liquors. Microbes may be harm-
ful. They may poison rivers and soils; they may be para-
sites on vegetable life; they cause diseases of the growing
vine, and also of wine; they produce the mould on stale,
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damp bread; they occasionally form poisonous matter in
sausages, in ice-cream, and in canned goods; and they pro-
duce many diseases among men and the lower animals.

With so universal a distribution of these fuzng7, man must
constantly take them into his organism. They are upon
the surface of his body, he inhales them with every breath,
and he swallows them with his food and drink. Most of
them, fortunately, are entirely harmless; others cannot act
on the living tissues; but some are virulent, and these are
generally but not always destroyed by the cells of the human
body. The alimentary canal always contains bacteria of
putrefaction, which act only upon the dead food, and not
upon the living body ; but when a man dies these organisms
at once attack the tissues, and post-mortem putrefaction
begins in the abdomen.

Koch’s Circuit.—To prove that a microbe is the cause
of a disease it must fulfil Koch’s circuit. It must always be
found associated with the disease; it must be capable of
forming pure cultures outside the body ; these cultures must
be capable of reproducing the disease; and the microbe
must again be found associated with the artificially produced
morbid process.

Disease - production. — Disease-producing organisms
which enter the body are usually rapidly destroyed. They
cannot dwell there long without inducing disease, but spores
can lie dormant in the system for years, only waking into
activity when they come in contact with some damaged,
weakened, or diseased part where the circulation is abnormal
—a so-called point of least resistance (a locus minoris resist-
entie)—which affords a nest for them to develop and to mul-
tiply, the cellular activities of the weakened part being unable
to cope with the activities of the germs. Even large num-
bers of pathogenic organisms may induce no trouble in a
healthy man; but let them reach a damaged spot, and mis-
chief is apt to arise. Kocher established subcutaneous bone-
injuries in dogs, and these injuries pursued a healthy course
until the animal was fed upon putrid meat, whereupon sup-
puration took place. This experiment proves that an organ-
ism can reach a damaged area by means of the blood, and
it cnables us to understand how a knee-joint can suppurate
when we merely break up adhesions, and how ostcomyelitis
can follow trauma when the skin is intact. A given number
of organisms might produce no effect on a healthy man,
whereas the same number might produce disease in an indi-
vidual who was weak or ill-nourished, suffering from depres-
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sion or fear, or debilitated by the habitual use of alcohol.
The personal increment plays a great part in disease-produc-
tion. Some individuals seem to be immune to certain dis-
eases; others seem especially liable to develop certain dis-
eases; and these immunities and liabilities may be heredi-
tary or acquired, temporary or permanent.

Toxins.—The action of pathogenic bacteria upon the tis-
sues is of great importance. In the first place, they abstract
from the blood, the lymph, and the cells certain elements
necessary to the body—as water, oxygen, albumins, carbo-
hydrates, etc—and thus cause body-wasting and exhaustion
from want of food. In the second place, bacteria producea
vast number of compounds, some harmless and others highly
poisonous. The symptoms of a microbic disease are largely
due to the absorption of poisonous materials from the area
of infection. These poisons may be formed from the tissues
by the action upon them of the bacteria (toxins and pep-
tones) or may be liberated from the bodies of degenerating
microbes (bacterial proteid). Bacteria contain and secrete
ferments like pepsin or trypsin, and as albumoses are formed
in the alimentary canal by the action of digestive ferments
upon proteids, sugars, and starches, so microbic albumoses
are formed by the action of microbic ferments upon tissues.
Just as the albumoses formed in digestion are poisonous
when injected, so the albumoses of microbic action are poi-
sonous when absorbed. The albumoses of microbic action
are called “ toxalbumins,” and these albumoses often operate
as virulent poisons to the body-cells.

A number of compounds formed by the microbic destruc-
tion of tissue are alkaloidal in nature. These poisonous
alkaloids are readily diffusible and, many of them, very viru-
lent. It is probable that every pathogenic organism has its
own special toxin which produces its characteristic effects,
although the effects are modified by the nature of the soil—
that is to say, by the condition of the tissues. The absorp-
tion of toxins may be very rapid; for instance, the toxins of
cholera may kill a man before the bacillus has migrated from
the intestine. Brieger uses the term foxin to designate all
of the poisonous products of bacterial action. He divides
toxins into alkaloidal or crystallizable and amorphous, the
latter being called toxalbumins.

Ptomains.—By many writers the term “ptomain” is
used to designate these toxins, but in reality a ptomain is
a form of toxin that is due to the action of saprophytic bac-
teria. A ptomain is a putrefactive alkaloid, and a toxin is

3
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any poison of microbic origin. Among these putrefactive al-
kaloids may be mentioned tetanin, typhotoxin, sepsin, putres-
cin, tyrotoxicon, muscarin, and spasmotoxin. The poison
which occasionally forms in cheese, ice-cream, sausage, and
canned goods is composed of ptomains. Poisoning by any
putrid food is called ptomain-poisoning.

Leucomains must not be confounded with the above-
mentioned bodies. Leucomains are alkaloidal substances
existing normally in the tissues, and arising from physio-
logical fermentations or retrograde chemical changes. They
are natural body-constituents, in contrast to toxins, which
are morbid constituents. Leucomains are found in expired
air, saliva, urine, feces, tissues, and the venom of serpents.
If not excreted, these bodies may induce illness, and when
injected may act as poisons. Ordinary colds and some fevers
result from leucomains ; they play a great part in uremia,
and when excretion is deficient the retained leucomains make
the system a hospitable host for pathogenic bacteria. Sick-
ness due to the retention and absorption of leucomains is
known as autointoxication. Among leucomains may be
mentioned adenin, hypoxanthin, and xanthin, allied to uric
acid, and other substances allied to creatin and creatinin.
The surgeon should never forget the possibility of harm
being done by retained leucomains, and should endeavor to
prevent autointoxication in all cases by keeping the skin, the
bowels, and the kidneys active.

Alexins and Antitoxins.—Another group of substances
which may arise from microbic action are known as *anti-
toxins.” When a person suffers from a bacterial malady the
toxins of the bacteria, by acting upon the body-cells, espe-
cially upon the leukocytes, cause the body-cells to produce
a product which may kill the bacteria (alexin) or may simply
antagonize the toxin (antitoxin). It is taught by some that
these materials may exist in blood-serum as leucomains,
or may be toxins or toxalbumins absorbed by the blood
from an area of bacterial disease. It is a well-recognized
fact in fermentation that after a time the process ceascs,
and the addition of more ferment is void of result. The
same is true of specific maladies; thus, if a person recovers,
the organisms disappear and the injection of more of them
produces no result; in other words, immunity exists
toward the disease. This immunity was long believed
to arise from the exhaustion of some unknown constituent
of tissue necessary to the life of the bacteria. It is now
believed to be due partly to the capacity of the body-cells
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to destroy germs, and partly to the production of
alexins or antitoxins, which, when they have developed in
sufficient amount, destroy the bacteria or render bacterial
products harmless. In other words, bacteria not only pro-
duce poisons, but also the antidotes for them. Roux main-
tains that an antitoxin is not derived from a toxin, but that a
toxin stimulates the body-cells to secrete an antitoxin. He
further shows that an antitoxin does not destroy a toxin, but
acts upon the body-cells and renders them capable of with-
standing the poison. Buchner believes that the reason the
leukocytes help to ward off disease is not because they act
as phagocytes to bacteria, but because they furnish defensive
proteids (alexins or antitoxins). Vaughan and others have
proved that blood-serum is germicidal ; that the germicidal
agent is dissolved in the alkaline serum; that this agent isa
nuclein which is furnished by the white cells, and this nuclein
may be extracted and used therapeutically. Many observers
are endeavoring to find the antitoxin of each microbic dis-
ease for the purpose of applying it therapeutically. Great
claims are made as to the value of the antitoxins of diph-
theria, tetanus, and suppurations.

Phagocytes.—The tendency of the white blood-cells, and
in a less degree of the endothelial cells of the vessels, to
destroy organisms is undoubted. This process of destruc-
tion is known as “ phagocytosis,” and the destroying cells
are called “ phagocytes.” When infection occurs the white
blood-cells gather in enormous numbers at the seat of dis-
ease, encompass and surround the bacteria, and build a bar-
rier to prevent dissemination of the microbes and general
infection of the organism. The force which draws leukocytes
to a region of infection, also tends to draw them to an area
where there is cellular degeneration or death. This force is
called positive chemiotaxis. In very virulent infections the
leukocytes may fail to collectand may actually be repelled
and scattered under the influence of what has been called
negative chemiotaxis. Phagocytes at the seat of infection
try to eat up, carry away, and destroy bacteria. A battle-
royal occurs, the microbes fighting the body-cells with most
active ferments; the body-cells endeavoring to devour
and destroy the bacteria (Fig. 10). In some cases the
bacteria win absolutely and the patient dies. In other
cases they win for a time and overwhelm the organism ; but
presently the body-cells, whose movements were inhibited
by the poison, regain their activity and successfully recur to
the attack. It is probable that the ferments thrown out by
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the white cells tend both to kill bacteria and to neutralize
their toxic products. Those which kill bacteria are known
as alexins, and those which neutralize toxic produtts are
known as antitoxins. After the attack of disease has passed
away the body-cclls have been educated to withstand this
poison, and new cells in the future retain this capacity; the
weak cells were killed, the fittest survived. The new cells
formed by the organism are insusceptible to the poison and
the individual is said to be immune. This insusceptibility,
or immunity, lasts for a varying period. Some persons
seem, from birth, immune to certain maladies. The theory
of phagocytosis immunity assumes an educated white cor-

F16. 10.—Phagocytosis : A, successful; 5, unsuccessful (Senn).

puscle and body-cell. This view originated with Sternberg,
but it is usually accredited to Metschnikoff. Lankester gave
us the term * educated corpuscle.”

Protective and Preventive Imoculations. — Our
knowledge of protective inoculations for contagious dis-
eases dates from Jenner's discovery in 1796. Preventive
inoculations with attcnuated virus are due to the experi-
ments of Pasteur. This observer discovered the cause of
chicken-cholera, and cultivated the micro-organism of this
discase outside the body. He found that by keeping his
cultures for some time they becamec attenuated in virulence,
and that these attenuated cultures, inoculated in fowls, caused
a mild attack of thc disease, which attack was protective,
and rendered the fowl immune to the most virulent cult-
ures. Cultures can be attenuated by kecping them for
some time, by exposing them for a short period to a tem-
perature just below that necessary to kill the organisms,
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or by treating them with certain antiseptics. It has further
been shown that injection of the blood-serum of an
animal rendered immune by inoculation is capable of making
a susceptible animal also immune.

A most important fact is that animals may be rendered
immune to certain diseases by inoculating them with filtered
cultures of the microbes of the disease, the filtrate contain-
ing microbic products, but not living microbes. By this
method animals can be rendered immune to tetanus and
diphtheria. Pasteur’s protective inoculations against hydro-
phobia owe their power to microbic products, and Koch’s
lymph contains them as its active ingredients. The chief*
feature in acquired immunity is the presence in the blood and
tissues of elements which can neutralize the toxic products
of or which can kill bacteria. These elements are * antitox-
ins” and *“alexins.” The knowledge of them arose from
the discovery of Nuttall and Buchner that fresh blood-
serum is germicidal, the power varying for different bacteria
and being limited. A fixed amount of serum is capable of
destroying a fixed number of bacteria only. It has been
said that in tetanus injections of the serum of an immune
animal may cure the disease. The above facts are of im-
mense importance, for on these lines may be solved the prob-
lems of the prevention and treatment of microbic maladies.

Orrhotherapy, or serum-therapy, is an attempt to utilize
therapeutically the germicidal properties of blood-serum.
It is believed that when a man gets an infectious disease
the toxins act upon the body-cells and cause the formation
by these cells of defensive proteids, alexins, curative nucleins,
or antitoxins. These products enable the body-cells to with-
stand further injury by the toxins, the disease comes to an
end, the bacteria die, and the alkaline blood-serum is satu-
rated with protective material. If the above facts are true, it
is an easy deduction that blood-serum containing protective
material should cure the disease if injected into a patient suf-
fering from an attack. Instead of using the blood-serum
itself, some observers have precipitated the curative nuclein
from the serum, and used the nuclein in solution in fixed
amounts. Instead of using the serum of persons rendered
immune by an attack of the disease, many physicians have
employed the serum of animals rendered artificially immune
by injections of attenuated cultures of the bacteria. Some
experimenters have employed even the serum of animals nat-
urally immune to the disease. That Pasteur has devised a
method which will usually prevent hydrophobia is certain
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(page 233), and that Murri, of Bologna, has cured a case of
hydrophobia seems proved (page 234). Hosts of observers
believe in the utility of tetanus antitoxin and diphtheria
antitoxin.

Inconclusive experiments have been made in the treat-
ment of syphilis by the serum of dog’s blood, and by the
blood-serum of men laboring under tertiary syphilis; in the
treatment of pneumonia with the blood-serum of persons con-
valescent from pneumonia; and in the treatment of sufferers
from septic diseases with antistreptococcic serum—blood-
serum of animals rendered immune to septic infections. Ma-
lignant tumors (both sarcomata and carcinomata) have been
treated with the blood-serum of dogs, which animals had
been injected with fluid expressed from malignant growths
(Richet and Hericourt.) Many claims made for serum-
therapy in surgical diseases are exaggerated, sensational,
and unscientific. That there is truth in the method seems
highly probable, but how much of it is true is not yet defi-
nitely ascertained. It is our duty to study, experiment, and
observe, and to reach a conclusion only after honest, careful,
and thorough investigation. A little skepticism is as yet a
safe rule.

Antagonistic Microbes.—Another observation of im-
portance is that certain microbes are antagonistic to one
another. The streptococcus of erysipelas attacks the or-
ganism of anthrax, and is antagonistic to several infectious
diseases (syphilis and tuberculosis), also to sarcoma. We
should note also that the growth of some microbes affects
culture-media favorably or otherwise for the growth of other
organisms, and the same may be true in the tissues of the
human body. It is not yet proper to endeavor to cure a
microbic disease by inoculating antagonistic microbes, on
the principle of sending a thief to catch a thief.

Mixed Infection.—A fact of practical importance to
the surgeonis that an area infected by one form of patho-
genic organism may be invaded by another form. This is
known as a mixed infection, and consists of a primary infec-
tion with one variety of organism, and a sccondary infection
with another, or in an infection at the same time with differ-
ent micro-organisms. Koch found both bacilli and micro-
cocci in the same lesion of tubercle. A soil filled with
pneumococci favors the growth of pus cocci and tubércle
bacilli. Tubercular or syphilitic lesions may be attacked
by erysipelas. Chancre and chancroid can exist together.
A syphilitic ulcer is a good culture-soil for tubercle bacilli
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(Schnitzler). Suppuration in lesions of tuberculosis is due
to secondary infection with pus organisms.

Placental Transmission.—The direct transmission of
bacteria from parent to fetus is a problem still in course of
solution, Certain it is that some diseases (as syphilis) are
due to the direct carrying of the microbes by sperm-cell to
germ-cell, or to the transmission of the micro-organism
through the septum of separation between the circulations
of the mother and child. In many other diseases the mi-
crobe is not directly transmitted (as in phthisis), but a patient
born with weakened tissue-cells is prone to fall a prey to the
latter malady.

Special Surgical Microbes.—Suppuration is caused by
microbes. Can it exist without them? The answer is, No.
Injection of a fluid containing dead organisms will form a
limited amount of pus ; injection of an irritant forms a thin fluid
which may resemble pus, but which is not pus. In surgery
pus is not met with without the micro-organisms, and the
presence of pus proves the presence of micro-organisms.
Pus microbes, or pyogenic microbes, possess the property of
peptonizing albumin, and thus forming pus. The peptonizing
action is brought about by bacterial proteids, or ferments.
The inflammation which surrounds an area of pyogenic in-

F1G. 11.—Staphylococcus pyogenes aureus F1G. 12.—Streptococcus pyoicncs in
in pus (< 1000) (Frinkel and Pfeiffer). pus (X 1000) (Frinkel and Pfeiffer).

fection is caused by the irritant products of bacterial action
(toxalbumins, ammonia, etc.). In the presence of the pyo-
genic peptones the coagulation of inflammatory exudate is
retarded or prevented. The most usual causes of suppura-
tion are the following micro-organisms :

Staphylococcus pyogenes aurcus (Plate 1, Fig. 1,and Fig. 11),
the golden-yellow coccus. This is the most usual cause of
abscesses (circumscribed suppurations); 77 per cent. of acute
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abscesses are due to staphylococci (W. Watson Cheyne).
Staphylococci are found also in osteomyelitis. The staphy-
lococcus pyogenes aureus is a facultative anaérobic parasite

“which is widely distributed in nature, and is found in the
soil, the dust of air, water, the alimentary canal, under the
nails, on and in the superficial layers of skin, especially in
the axille and perineum. It forms the characteristic color
only when it grows in air. Itis killed in ten minutes by a
moist temperature of 58° C,, and is instantly killed by boiling
water.  Carbolic acid (1:40) and corrosive sublimate
(1 : 2000) are quickly fatal to these cocci.

Staplylococcus pyogenes albus (Plate 1, Fig. 2), the white
staphylococcus, acts like the aureus, but is more feeble in
power. When this organism is found upon and in the skin
it is called the staphylococcus epidermidis albus, an organism
which Welch proved to be the usual cause of stitch-abscesses.

Staphylococcus pyogenes citreus, the lemon-yellow coccus,
is found occasionally in acute circumscribed suppurations,
but far more rarely than the other two forms. Its pyogenic
power is even weaker than that of the albus.

Staphylococcus cercus albus, is found occasionally in acute
abscesses.

Staphylococcus cereus flavus is found occasionally in acute
abscesses.

Staphylococcus flavescens is occasionally found in abscesses.
Is intermediate between the aureus and albus (Senn).

Micrococcus pyogenes tenuis rarely takes the form of a
bunch of grapes. Is occasionally found in the pus of acute
abscesses.

Streptococcus pyogenes (Fig. 12) is found in spreading sup-
puration. Woodhead tells us (Treves’ Systcm of Surgery) that
six organisms, each of which bears a separate name, are dis-
cussed under this designation. Three of these organisms he
places in one group, two in another, and says the sixth may
be a separate species.

1st Group.—Streptococcus pyogenes, found especially in
spreading suppuration and in very acute abscesses.  Cheyne
says that 16 per cent. of acute abscesses contain streptococci.
Is easily killed by boiling, and can be destroyed by carbolic
acid and corrosive sublimate. Exists normally in the nasal
passages, vagina, mouth, and urethra.

Streptococcus pyogenes malignus, an uncommon organism
found in splenic abscess.

Streptococcus septicus has a strong tendency to break up
into diplococci.

~
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2 3

1. Staphylococcus pyogenes aureus.
2. Staphylococcus pyogenes albus,
3. Bacillus tuberculosis on glycerin-agar.

(Warren's Surgical Pathology.)
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2d Group.—Streptococcus of crysipelas, found in capillary
lymph-spaces in erysipelas. Many bacteriologists believe it
to be identical with the streptococcus pyogenes.

Streptococcus of Septicemia and Pyemia—Most observers
maintain that it is identical with the streptococcus pyogenes
and streptococcus of erysipelas.

3d Group.— Streptococcus articulorum, found in false mem-
brane of diphtheria (see the article by \’Voodhead in the
System of Surgery by Frederick Treves).

The micrococcus tetragenus is thought to be the bacterium
chiefly responsible for the suppuration of tubercular pul-
monary lesions.

Bacillus pyogenes fatidus, found especially in the pus of
ischiorectal abscesses.

Bacillus pyocyaneus, found by Ernst in blue pus.

The gonococcus, the pneumococcus, the bacillus of typhoid
fever, and the colon bacillus have pyogenic power.

Other Surgical Microbes.—Streptococcus of erysipelas
(Fehleisen’s coccus), as stated before, is thought by many to
be identical with the strepto-
coccus pyogenes. Their differ-
ence in action is believed by
Sternberg to be due to differ-
ence in virulence induced by
external conditions and by the
state of the tissues of the host.

The coccus of erysipelas is

somewhat larger than the

ordinary form of streptococcus

pvogenes. Infection takes place

by a wound, often a very

trivial wound of the skin or mu-

cous membrane. The organism

multiplies in the small lymph-

channels. This organism will

cause puerperal fever in a .
woman in childbed when it B A ey 1 in blood
gains access to “an absorbing

surface in the genital tract” (Senn). The streptococcus may
cause suppuration in erysipeias, mixed infection not being
necessary to induce pus formation.

The gonococcus (Fig. 14, the bacillus of Neisser), the dip-
lococcus which causes gonorrhea. Bumm proved the
causative influence of the gonococcus. He reproduced
the disease in a healthy female urethra by inoculation with
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the twentieth generation in descent from a pure culture.
Diplococci are found often in the secretions of apparently
healthy mucous membranes, and simulate very closely gono-
cocci.  Gonococci cannot be cultivated upon ordinary media,
but grow best upon human blood-serum. In gonorrhea the
organisms are found both within and outside of pus-cells and
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F16. 14.—Gonococci from gonorrheal pus.

mucus-cells. It seems reasonably certain that the gono-
coccus is pyogenic, although it is possible that the pus
formed in gonorrhea is due to mixed infection. Gonococci
stain easily and are readily decolorized by Gram’s method.

F1G. 15.—Bacillus of tetanus, with spores.

Streptococet are found in noma.  No specific organism has
been isolated for traumatic spreading gangrene or hospital
gangrene.

The bacitllus tetanus (Fig. 15, Nicolaier’s bacillus), an an-
aérobic organism, found especially in the soil of gardens, in
the dust of old buildings, in street dirt, and in the sweepings

™
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of stables. Spores develop at the ends of these bacilli.
The bacilli are capable of producing toxins of deadly power.
The spores are very resistant and it is difficult to kill them.
The drug which is most certainly fatal to tetanus bacilli is
bromin.

The bacillus tuberculosis (Koch’s bacillus, Plate 1, Fig. 3),
the cause of all tubercular processes, is met with especially
in dusty air which contains the dried sputum of victims of
phthisis. This infected airis the chief means of transmission
of the disease, though it may be conveyed by the milk of
tubercular cows and the meat of tubercular animals.
Wounds may open a gateway for infection. Fig. 16 shows
tubercle bacilli in sputum.
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F1G. 16.—Tubercle bacilli in sputum (Ziegler).

Bacillus anthracis (Fig. 13), the cause of malignant pus-
tule, or splenic fever.

Bacillus mallei, the cause of glanders.

Bacillus of syphilis (Lustgarten’s bacillus). That syphilis
is due to a micro-organism is highly probable, but that we
have found the causative organism in Lustgarten’s bacillus
is by no means sure. A fact which points strongly against
its causative power is that it is found rather in non-contagious
tertiary lesions than in contagious secondary lesions.

Diplococcus pneumonie is believed to be the cause of pneu-
monia and acute meningitis. It is found normally in the
human saliva. This organism is often spoken of as Frankel’s
bacillus and also as the diplococcus lanceolatus.

The bacillus coli communis, called also the bacterium coli
commune or the bacillus of Escherich (Fig. 17). Feces
invariably contain this organism. It is believed by many
observers to be the cause of appendicitis, peritonitis, abscesses
about the intestine, many ischiorectal abscesses, some peri-
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renal abscesses, certain cases of cystitis, cholangitis, and
cholecystitis. In cases of appendicitis we can get a pure
culture of Escherich’s bacillus, but usually find also strepto-
cocci, staphylococci, or pneumococci. The colon bacillus
has pyogenic power.

The bacillus of malignant edema (the vibrione septique
of Pasteur), found especially in stagnant water and certain
varieties of soil. In the disease known as malignant edema
there is a mixed infection with the bacilli of malignant edema
and saprophytic organisms, and the latter form considerable
quantities of gas in the tissues. The bacilli of malignant
edema may cause spreading gangrene.
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F1G. 17.—Bacillus coli communis.

The bacillus of typhoid fewer (Eberth’s bacillus) is respon-
sible for some cases of gangrene, some of embolism, and not
a few of bone and joint disease. It has pyogenic power.

We may mention, in conclusion, as of occasional surgical
importance, the bacillus of influenza, bacillus of diphtheria,
bacillus of bubonic plague, bacillus of leprosy, bacillus of
rhinoscleroma, bacillus of fetid ozena, bacillus of hemor-
rhagic septicemia, bacillus lactis aérogenes (an occasional
causc of peritonitis), and the bacillus aérogenes capsulatus.
The later organism causes gangrenous cellulitis, a spreading
gangrene accompanied by gas formation.

The putrefactive organisms are responsible for many septic
intoxications.
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Il. ASEPSIS AND ANTISEPSIS.

The effort in all operations is to secure and maintain
scrupulous surgical cleanliness. What is known as the anti-
septic method we owe to the splendid labors of Lord Lister,
and the aseptic method is but a natural evolution of the anti-
septic method. Lister called the attention of the profession
to a new method of treating wounds, compound fractures,
and abscesses in 1867.! The processes first employed were
extremely complicated, but have been made in the last few
years simple and casy of performance. Lister believed the
chief danger to be from air. It is now believed that the
chief danger is from actual contact of hands, instruments,
dressings, or foreign bodies with a wound. Air carries but
few micro-organisms unless it is filled with dust. Infection
through air is most apt to occur if the air is dusty, and is
more common after an aseptic than an antiseptic operation.

Of course, some bacteria from the air must settle in every
wound, but the majority of air fungi are harmless. Com-
paratively few reach the wound unless the air is dusty, and
these few the tissues are usually able to destroy. Schimmel-
busch made experiments in von Bergmann’s clinic when the
students were present. He found that * the number of bac-
teria which settle upon the surface of a wound a square deci-
meter in extent, in the course of half an hour, is about 60 or
70,” and thousands are usually required to produce infection.

There is no danger of the breath alone producing infec-
tion. Air which comes from the lungs is germ-free, and even
a large class will not infect the air by breathing, but will
rather help free it from bacteria, for the lungs are filters for
air laden with micro-organisms. Mikulicz believes that the
surgeon in talking, coughing, etc., is apt to project infective
particles into the wound, and so he advises the wearing of a
respirator over the mouth.

Surgical cleanliness may be obtained by either the aseptic
or the antiseptic method. In the aseptic method heat,
chemical germicides, or both are used to cleanse the instru-
ments, the field of operation, and the hands of the surgeon
and his assistants, the surface being freed from the chemical
germicide by washing with boiled water or with saline solu-
tion. After the incision has been made no chemical germi-
cide is used, the wound being simply sponged with gauze
sterilized by heat; if irrigation is nccessary, boiled water or
normal salt solution is used, and the wound is dressed with
gauze which has been rendered sterile by heat. The effort

V The Lancet.
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of the surgeon is simply to prevent the entrance of micro-
organisms into the tissues. Some micro-organisms must
enter, but the number will be so small that healthy tissues
will destroy them. The aseptic method should be used
only in non-infected areas. If chemical germicides are not
used, the amount of wound-fluid will be small and the sur-
geon can often dispense with drainage. If a wound is to
be closed without drainage, every point of bleeding must
be ligated. It is often advisable to sew up the wound
with Halsted’s subcuticular stitch. If this stitch is em-
ployed, the skin staphylococcus does not obtain access to
stitch-holes and stitch-abscesses are not apt to arise. This
suture may consist of catgut, silk, or, preferably, silver wire,
this latter agent being capable of certain sterilization by heat
and exercising a powerful inhibitory action on micro-organ-
isms. Ifa wound is closed without drainage, firm compres-
sion is applied over the wound to obliterate any cavity which
may exist. - In some regions of the body wounds are sealed
with collodion or iodoform-collodion. If irrigation is not
practised and the wound is dressed with dry sterile gauze,
the procedure is said to be by the “ dry ” aseptic method. In
the antiseptic method the same preparations are made for the
operation as in the aseptic method, but during the operation
sponges impregnated with a chemical germicide are used,
and the wound is dressed with gauze containing corrosive
sublimate or some other chemical germicide. If the wound
is not flushed with a chemical germicide, and is dressed with
dry antiseptic gauze, the operation is said to be by the
“dry " antiseptic method. The antiseptic method is preferred
in infected areas. Dry dressings are usually preferable to
moist dressings, because they are more absorbent and do
not act as poultices, and dry dressings may be used even
when the wound has been flushed. In suppurating areas
it is often best to use moist dressings in the form of anti-
septic fomentations. Year by year the aseptic method
becomes more popular. Surgcons have learned that the
most important factor in asepsis is mechanical cleansing by
means of soap and water. The chemical germicide plays a
secondary rather than a vital part. By mechanical cleansing
great numbers of micro-organisms are removed along with
dirt, grease, and epithelium. Many organisms remain, but
vast hordes are washed away, and the danger of infection is
greatly lessened by thus diminishing the number of organ-
isms. If a chemical germicide is used without preliminary
mechanical cleansing, it is useless, because it cannot destroy
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bacteria in the epithelium and in masses of oily matter.
After the use of mechanical cleansing the germicide is active
in destroying the comparatively few bacteria which are naked
on the surface. In many regions a strong chemical germi-
cide must not be used (in the abdomen, in the brain, in joints,
in the pleural sac, and in the bladder), and in other regions
(mucous surfaces and fatty tissue) it is productive of harm
rather than good.

Preparations for an Operation.—A room in which
an operation is to be performed should be well lighted and
well ventilated. It is advantageous to have an open grate in
the room, for then a fire can be quickly made to take a chill
off the air and ventilation is improved. The morning before
the operation furniture should be removed, the carpet taken
up, and curtains and hangings taken down. If the ceiling
and walls are papered, they must be thoroughly brushed. If
they are painted, they must be washed off with soap and
water. Dust is thus removed, and the danger of dust falling
into the wound is averted. The floor is scrubbed with soap
and water. The windows should be opened for many hours
to thoroughly dry and freshen the room. On the morning
of the operation the patient’s bed is brought into the room
and placed in a position where there will be plenty of light
for future dressings, and where the surgeon will have access
from either side. Never use a big broad bed; use a narrow
bed. Never have a feather bed, but insist on Treves’s advice
being followed, and employ a metal bed with a wire netting
and hair mattress.

A piece of carpet or rug is spread upon a portion of the
floor and the table is set uponit. The table should be so
placed that there will be a good light on the ficld of opera-
tion. A kitchen table does very well. On the table is
placed a folded comfortable or several folded blankets.

Around the operating-table at proper distances are
arranged a table for instruments, a table for dressings,
a table for sponges and a basin of bichlorid, and a table
for soap and a basin of water. A couple of buckets
should be placed on the floor near at hand. The nurse and
assistants should have ready the ether cone, wrapped in a
clean towel, sterile sheets, sterile gowns, sterile towels, ster-
ile gauze for sponges and dressings, trays for instruments,
iodoform gauze, catgut, silk, silkworm-gut, etc., according
to the nature of the operation. The surgeon should pick
out the instruments required. The anesthetizer should lay
out a mouth-gag, tongue-forceps, a hypodermatic syringe
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in working order, ether or chloroform, brandy, tablets of
strychnin, and also of atropin.

The patient has been prepared the day before, except in
emergency cases.

The surgeon and his assistants remove their coats, roll up
their sleeves, and, after sterilizing the hands and forearms,
envelop their bodies in aseptic or antiseptic sheets or gowns,
to protect the patient and themselves. It is a good plan for
the surgeon and his assistants to wear sterile muslin caps. The
caps prevent hair, dandruff, and sweat falling into the wound.

It is a difficult or impossible matter to absolutely sterilize
the hands, but it is fortunate, as Mikulicz and Flugge say,
that most of the bacteria of the skin are harmless. The
staphylococcus epidermidis albus, however, is constantly
present in the epidermis. The hands of some persons are
more easily sterilized than those of others. For instance,
a hairy, creased hand is more difficult of sterilization than a
smooth and almost hairless one; a hand grossly neglected
than one reasonably clean. Germs abound in the epi-
dermis, in the fissures and creases, under and around the
nails, on hairs, and in the ducts of glands. The surface of the
hands may be thoroughly sterile at the beginning of an
operation and become infected later, because germs in gland
ducts are forced to the surface. Hence, in a prolonged
operation, the surgeon should stop from time to time and
wash his hands, first in alcohol and then in corrosive sub-
limate solution (Leonard Freeman).

In view of the difficulty of cleansing the hands, every stu-
dent must be taught how to do it. The more hands used in an
operation the greater is the danger of infection of the wound.
The surgceon’s fingers must enter the wound. The fingers of
no other person should enter unless absolutely necessary.

The hands and forearms are sterilized in the following
manner: Scrub for five minutes with soap and hot sterile
water, giving special attention to the nails and creases in the
skin. Thc brush is rubbed in the long axis of the extremity
and also transverscly.  The creases on the back of the hands
and fingers will be partially opened by flexing the fingers,
and transverse scrubbing will clean the furrows. The fur-
rows on the palmar surface will be opened by extending the
fingers, and will be best cleaned by transverse scrubbing (G.
Ben. Johnson). The best soap is the ethercal soap of
Johnston, which is a solution of castile soap in ether.
Green, or castile, soap can be used. The brush employed
should be kept in a 1 : 1000 solution of corrosive sublimate.
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The nails are cut short, are cleansed with a knife, and the
hands are again scrubbed. After washing off the soap the
hands are dipped for a moment in pure alcohol, and the
forearms are rubbed with alcohol. Alcohol removes the
soap which has entered into follicles and creases, removes
desquamated epithelium, enters under and about the nails,
and favors the diffusion of the corrosive sublimate under the
nails and into the follicles, when the hands are placed later
in the mercurial solution. After using the alcohol the hands
are then dipped in a hot solution of corrosive sublimate
(1 : 1000), and with the forearms are scrubbed for at least a
minute, the nails recciving especial care. Kelly disinfects
the hands by washing them with soap and water, dipping
them in a solution of permanganate of potassium (a saturated
solution in distilled water), and decolorizing them in a
saturated solution of oxalic acid and washing off the oxalic
acid in sterile water.

Weir has highly commended the following plan, and Stim-
son is also pleased with it: Scrub the hands with a brush
and green soap and in running hot water. Clean under the
nails with a piece of soft wood. Place about a tablespoonful
of chlorinated lime in the palm of the hand, place upon the
lime an equal amount of. crystalline washing-soda, add a
little water, and rub the creamy mixture over the arms and
hands until the rough granules of sodium carbonate are no
longer felt. Place the paste under and around the nails by
means of a bit of sterile orange wood. Wash the arms
and hands in hot sterile water.! The combination forms
nascent chlorine, a most efficient germicide. This method
has proved most satisfactory in the clinic of the Jefferson
Medical College Hospital. It is important that crystalline
washing-soda be employed. If the bicarbonate is used,
nascent chlorine will not be produced, but hydrochloric acid
gas will be formed, and the latter gas irritates the skin and
is not a satisfactory germicide.

Some surgeons are so impressed with the impossibility of
sterilizing the hands that they wear gloves in operations.
Hunter Robb suggested the use of gloves in 1894. Miku-
licz used white cotton gloves. Lockett has proved that
cotton and silk are not impervious to micro-organisms, but
that rubber is. The thin, seamless rubber gloves which are
now made are very satisfactory. They are sterilized by
boiling, are then dried, and are wrapped in a sterile towel.
In order to insert the hand in them, the interior of the glove

Y Medical Record, Apiil 3, 1897.
4
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should be first dusted with sterile starch or talc powder, and
then the nurse should hold the glove while the surgeon
inserts his fingers into the proper compartments and pushes
the hand in.

If, during an operation, a glove becomes infected, a clean
one can be substituted for it. Gloves somewhat impair the
sense of touch, but a surgeon soon learns to work with
them. If they are to be used, the hands should be sterilized
just as carefully as when they are not to be used, because,
during the operation, the gloves may tear or be punctured
by a needle. That it is absolutely necessary to wear gloves
in all cases has not been proved. Their use does contrib-
ute to success in brain operations, abdominal operations,
and joint-operations. They are of great value in military
surgery.

When a surgeon is obliged to place his fingers in an area
of virulent infection he may be poisoned. Gloves will save
him from this danger. Again, a surgeon should try to avoid
bringing his hands unnecessarily in contact with putrid or
purulent matter. Though it may not poison him, it grossly
infects the surface, renders subsequent cleansing difficult,
and endangers other patients. Gloves will prevent this
danger. A surgeon should wear gloves if he is making an
examination or performing an operation which is sure to
infect grossly the bare hands, and he should wear gloves in
an operation if in a previous operation his hands were grossly
infected.

Instruments are disinfected by boiling for fifteen minutes
in a 1 per cent. solution of carbonate of sodium and then
rinsing them in a 5 per cent.
solution of carbolic acid or in
sterile water. The carbonate
of sodium prevents rusting.
In a clinic the boiling is car-
ried out in a Schimmclbusch

Q

F16. 18 —Schimmelbusch’s gas-heated appuratus for sterilizing instruments :
4, wire busket,

sterilizer (Fig. 18). In a private house it can be done
in a sterilizer such as that shown in Fig. 19, or in a pan
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or a wash-boiler. A sterilizer with a tray is better than
an ordinary pan or kettle, because, when the latter is
used, the mctal instruments lie in the bottom of the vessel,
where the heat is very great and the temper may be
impaired. Boiling unfortunately destroys to some extent
the keenness of cutting instruments, the ebullition throw-
ing them about. Hence the knives should be wrapped in
cotton to preserve the edges. After sterilization the instru-
ments are placed in trays containing boiled water. After
the completion of the operation the instruments should be
scrubbed with soap and water, boiled in soda solution, and
dried. Instruments can be partially disinfected by keeping

F1G. 19.—Portable sterilizer.

them for fifteen minutes in a § per cent. solution of carbolic
acid. Instruments with handles of wood must not be boiled.
If such instruments are used, they can be disinfected by the
use of carbolic acid, but they should not be used. Metal
instruments, whenever possible, should consist of one smooth
piece. Grooves and letters are objectionable as dirt gathers
in such depressions. Ivory handles cannot be boiled.
Whenever possible, give the patient some days’ rest in
bed before a severe operation, and place him on a diet nutri-
tious but not bulky. The night before the operation give a
saline cathartic, and the morning of the operation employ
an enema. Emptying the bowels lessens the danger of
sepsis after operation. It is desirable that the rectum be
empty, because in shock the absorbing power of the stomach
is greatly diminished or is even abolished for the time, and
we may wish to utilize the absorbing power of the rectum
and give stimulants by enema. When a patient is under
ether, or when he is profoundly shocked, of course no
attempt is made to give stimulants by the mouth. Whenever
possible, give a general warm bath the day before the
operation. The evening before the operation scrub the
entire field of operation, and well clear of it, with soap and
water ; shave if necessary; wash with ether; scrub well
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with hot corrosive-sublimate solution (1 : 1000); apply a
layer of moist corrosive-sublimate gauze, and place over
this dry antiseptic gauze, a rubber dam, and a bandage.
Many surgeons apply a poultice of green soap for many
hours in order to separate masses of epithelium and with
them many germs. On removing the dressings to per-
form the operation cleanse the part exactly as before. In
emergency cases disinfection can only be practised just pre-
vious to the operation. Disinfection can be thoroughly
effected by the use of chlorinated lime (Weir, Stimson).
Surround the field of operation with dry sterile shcets.

To clean the vagina or rectum, use a sponge soaked
with creolin and Johnston’s ethereal soap (1 : 16), and subse-
quently irrigate with hot saline fluid or boric acid solution.

If an operation is to be performed within the mouth, old
snags and carious teeth should be removed. To cleanse the
mouth scrub the teeth with a brush and castile soap twice a
day and rinse the mouth, nares, and pharynx with peroxid
of hydrogen, or a solution of boracic acid, every three hours
for several days.

Irrigation is often practised in septic wounds, but is not
required in aseptic wounds. Among irrigating fluids we may
mention corrosive sublimate, carbolic acid, peroxid of hydro-
gen, boric acid solution, and normal salt solution. Hot
normal salt solution is the best agent with which to irrigate
the peritoneal cavity, the pleural sac, the interior of joints,
and the surface of the brain. This solution contains 0.6 per
cent. of sodium chlorid.

Many surgeons employ Landerer’s dry method in oper-
ating aseptically. No fluid is applied to the wound. As
the wound is enlarged gauze sponges are packed in to arrest
hemorrhage. On the completion of the operation the sponges
are removed, any bleeding points are ligated, and the wound
is closed without drainage.

The favorite ligature-material is catgut. Catgut under-
goes absorption in the tissues. Years ago attempts were
made by Scarpa, Crampton, and Physick to use absorbable
sutures. Sir Astley Cooper tried catgut. These attempts
failed because the material employed was septic, suppura-
tion ensued, the wound gaped, and the ligature was cast
off prematurely. Surgeons remained content with non-
absorbable ligatures of silk or linen. These ligatures were
not cut short, but a long end was left to cach one, and the
ends were allowed to hang out of the wound. These liga-
tures were lightly pulled upon from time to time, and when
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they loosened or cut through were removed. Catgut is the
submucous coat of the intestine of the sheep, and is the mate-
rial from which violin-strings are made. It was reintro-
duced into surgery by Lister. It is obtained in the following
manner : The small intestine, after separation from the mesen-
tery, is washed in water, laid upon a board, and scraped with
a metal instrument. Thus the mucous coat and the mus-
cular coat are scraped away, and the submucous coat only
remains. The submucous coat is cut into strips, and each
strip is twisted into a coil. Raw catgut is an infected ma-
terial. Itis hard to sterilize because in the twisting many
organisms get into the interior of the strand, where it is diffi-
cult for antiseptics to reach them. Raw catgut obtained
from animals dead of splenic fever contains spores of anthrax.
If not thoroughly disinfected, catgut is dangerous, and some
surgeons consider its cleanliness always a matter of grave
question and will not use it. Surgeons’ catgut can be bought
from the dealer in skeins containing thirty yards. It should be
rough and yellow. The smooth white variety should not be
gotten. It has been rubbed smooth with a piece of glass
and bleached with a chemical, and in consequence is weak
and unreliable. The smallest size is known as double zero,
then come single zero, No. 1, No. 2, No. 3, and No. 4. The
usual ligature size is No. 2. Nos. 3 and 4 are only used for
tying thick pedicles. Nos. 1 and 2 are used for suturing the
dura and peritoneum, and for tying small vessels in the
brain. McBurney and Collins state that when catgut is
used to tie delicate tissue (omental masses, intestinal sur-
faces, etc.), it must first be softened by immersing for half a
minute in normal salt solution. If this precaution is
neglected and wiry catgut is used, the ligature or suture will
cut and hemorrhage will occur.!

If catgut is thoroughly prepared, and the wound in which
it is used is aseptic, it is a most satisfactory ligature material,
is absorbed in the wound after being cut off short, and pro-
duces no trouble although it does increase slightly wound
secretion. The smaller sizes are absorbed in four or five
days, No. 2 lasts from nine to ten days, Nos. 3 and 4 from
ten days to three weeks.

One of the following methods of preparation may be used:
The catgut is soaked in ether for twenty-four hours to
remove fat. It is then wound on glass spools, trans-
ferred to alcohol, and boiled under pressure. The boil-
ing is conducted in a heavy metal jar with a well-fitting

V International Text-Book of Surgery.
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screw-top. The jar is half filled with alcohol. The spools
of catgut are placed in the jar, the lid is screwed down,
and the apparatus is immersed in boiling water for half an
hour, The gutis kept in this jar until needed. Fowler's
catgut is prepared by boiling in alcohol. It is placed in
hermetically sealed V-shaped glass tubes. Each tube con-
tains alcohol and twelve ligatures. The alcohol is boiled 4y
tmmersing the tube in boiling water. The cumol method is
employed by Kelly in the Johns Hopkins Hospital, and
is known as Krénig’'s method. Cumol is a fluid hydrocarbon
which boils at 179° C. Catgut is wound upon spools of
glass, and these are placed in a beaker-glass, the bottom
of which is covered with cotton. A bit of cardboard is
placed on top of the beaker, and through a small perfora-
tion in the cardboard a thermometer is introduced. The
beaker is placed in a sand-bath and the bath is heated by
means of a Bunsen burner. The temperature is gradually
raised to 80° C,and is kept at this point for one hour,
in order entirely to remove moisture from the gut. Cumol,
at a temperature of 100° C., is poured into the glass, and
the heat is increased until the temperature of the cumol
-is about § degrees below its boiling-point (165° C.). For
one hour this temperature is maintained. Then the cumol
is poured off and the catgut is allowed to remain for a time
in the sand-bath at a temperature of 100° C,, in order to
dry. It is transferred for keeping into sterile glass jars or
test-tubes.!

The formalin method is advocated by the elder Senn.
The catgut is wound on glass test-tubes, and is immersed in
an aqueous solution of formalin (2-4 per cent.) for twenty-
four to forty-eight hours. It is placed in running water for
twelve hours to get rid of the formalin. It is boiled in
water for fifteen minutes, is cut in pieces and tied in bundles,
placed in a glass-stoppered jar, and is kept ready for use in
the following -mixture: 950 parts of absolute alcohol, 50
parts of glycerin, and 100 parts of pulverized iodoform.
Every few days the mixture should be shaken.

Senn’s process is a modification of Hoffmeister's. Even
sterile catgut contains a toxic substance which increases
wound secretion, has a poisonous effect on body cells, and
favors to some extent limited suppuration. Senn maintains
that in order to counteract this influence gut should not
only be sterile, but should be antiseptic to inhibit the growth

! See McBurney and Collins, in /nternational Text-Book of Surgery, and
Clark, in Jokns Hopkins Hospital Bulletin, March, 1896.
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of pyogenic organisms which reach the wound during opera-
tion or by the blood.

Ba:ckman wraps catgut in paraffin-paper, seals it in a
paper envelope, puts it in the sterilizer, and subjects it to dry
heat. For three hours it is heated to a temperature of 284°
F.,andforfour hours to atemperature of 2g0o° F. The envelope
can be carried in the pocket or the instrument-bag. When
the gut is wanted the end of the envelope is torn off, an
assistant with sterilized hands unwraps the paraffin-paper,
and the gut is dipped for a moment in sterile water to make
it pliable.!

A method which has been largely used is to take raw cat-
gut, keep it in ether for twenty-four hours, soak it for twenty-
four hours in an alcoholic solution of corrosive sublimate
(1 : 500), wind it on sterilized glass rods, and place it for
keeping in ether or in alcohol. Johnstons quick method
of preparing catgut is as follows: place it for twenty-four
hours in ether; at the end of this period place it in a solu-
tion containing 20 grains of corrosive sublimate, 100 grains
of tartaric acid, and 6 ounces of alcohol. The small gut is
kept in this for ten or fifteen minutes, the larger gut from
twenty to thirty minutes, but never longer. It is placed for
keeping in a mixture containing 1 drop of chlorid of palla-
dium to 8 ounces of alcohol. This gut is strong and reli-
able. At the time of operation the gut is placed in a solution
one-third of which is 5§ per cent. carbolic-acid solution and
two-thirds of which are alcohol. Chromicized catgut is
absorbed less rapidly than ordinary catgut. It is used to
tie thick pedicles and large arteries, to suture nerves and
tendons, and as a suture-material in the radical cure of
hernia. Chromicized gut, No. 3 and No. 4, will remain un-
absorbed in the tissues from four to six weeks. The gut should
be soaked in ether for twenty-four hours, and placed for
twenty-four hours in a 4 per cent. solution of chromic acid
in water. The gut is then dried in a hot-air sterilizer
and disinfected by one of several methods. The cumol
method is satisfactory.

Kangaroo-tendon will be absorbed in the tissues, but only
after a long time (sixty to seventy days). This material is es-
pecially useful as a buried suture in hernia-operations. Itcan
be prepared in the same manner as the chromicized catgut, and
it ought always to be chromicized. Marcy’s plan is as fol-
lows : Soak the dried tendon in a solution of corrosive subli-
mate (1 : 1000) and separate the individual strands. Dry

! James E. Moore, in Philada. Med. Journal, June 22, 1898,
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each strand in an antiseptic towel. Chromicize the gut and
keep until needed in boiled linseed oil containing 5 per cent.
of carbolic acid. Before using the strands take them out of
the oil, wipe off the oil with a sterile towel, and immerse the
tendon for half an hour in a 1 : 1000 solution of bichlorid of
mercury. Si/£ can be used for both ligatures and sutures;
many sizes should be kept on hand. White silk may be
used, or black silk, which is more easily visible. Silk is not
absorbed but is encapsuled. It is not a good material for
buried sutures, as in the long run it may form a sinus. Sutures
of silk should be boiled for half an hour before using in a
I per cent. solution of carbonate of sodium. A convenient
method of preparation is to wind the silk on a glass spool,
place the spool in a large test-tube, close the mouth of the
tube with jewellers’ cotton, introduce the tubg into a steam
sterilizer, and subject it to a pressure of ten pounds for twenty
minutes, repeating the process the next day. These tubes
are carried in wooden boxes sealed with rubber corks. Si/4-
worm-gut contains fewer bacteria than catgut and does not
swell when introduced into a wound. It is a very valuable
suture-material, but is not used for ligatures. Silkworm-gut
is prepared by placing it in ether for forty-eight hours and in
a solution of corrosive sublimate (1 : 1000) for one hour, or
it can be boiled in plain water for half an hour. Itis carried
in a long tube filled with alcohol. A few minutes before
using the gut is placed in carbolic acid and alcohol (one-
third of the solution is a § per cent. solution of acid, two-
thirds of it are alcohol). Silk and catgut should be tied by-
the reef-knot. Sitkworm-gut is tied by the surgeon’s knot.
In tying catgut the first knot is tied tightly, and the second
knot firmly but not tightly. If the second knot is tied
tightly, it is apt to cut the ligature (Greig Smith). Silver
wire is prepared by boiling. It is a very useful suture-
material, as it can be thoroughly sterilized and has an
inhibitory effect on the growth of bacteria.  Some sur-
geons use it for buried sutures, but many are opposed to
using it thus on the ground that it is apt to lead to sinus-
formation.

Most wounds are closed by interrupted sutures of silk-
worm-gut, but silk, catgut, chromic catgut, or silver wire can
be used. The old continuous suture (glovers’ stitch) is rarely
used.  An admirable closure can be effected by Halsted’s
subcuticular stitch, and scarcely any scar results.  Marey's
buried tendon sutures are very valuable, especially in hernia-
operations and in various operations upon the abdomen.
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Dressings are made of cheese-cloth. In order to make
antiseptic gauze the cheese-cloth is boiled in a solution of
carbonate of sodium, rinsed out, and dried; it is then soaked
for twenty-four hours in a solution containing 1 part of cor-
rosive sublimate, 2 parts of table-salt, and 500 parts of water.
It is placed in clean jars with glass lids, and it may be
kept moist or dry.

Sterilized or aseptic gauze is prepared by boiling in car-
bonate of sodium, etc., as described under Antiseptic Gauze.
It is wrapped in a towel and is placed in a steam-sterilizer
for an hour (Fig. 20). It is kept in sterile glass jars with
glass lids. The pads for sponging are made by rolling up
portions of sterile gauze. Ashton’s abdominal pads are

A
B

F16. 20.—~Lautenschliger’s steam-sterilizer for dressings: A, exterior view; B,
cross-section.

made by taking several layers of sterile gauze, each picce
about six inches long and four inches wide, running a stitch
around the margin, and sewing a piece of tape into one
corner.

Sterile absorbent cotton is prepared in the same manner
as gauze. Cotton is useful as a dressing to supplement
gauze, being placed on the outside of the gauze. It absorbs
quantities of serum, but will take up very little pus.

Iodoform gauze is very useful for packing in the brain and
abdomen, for packing abscesses and tubercular arcas, and
for dressing foul wounds. It is prepared as follows: Make
an emulsion composed of equal parts by weight of iodoform,
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glycerin, and alcohol, and add corrosive sublimate in the
proportion of 1 part to the 1000 of the mixture. This mixt-
ure stands for three days. Take moist bichlorid gauze,
saturate it with the emulsion, let it drip for a time, and kcep
it in sterilized and covered glass jdrs (Johnston). Lister’s
cyanid gauze (double cyanid of zinc and mercury) is not cer-
tainly antiseptic, and must be dipped into a corrosive-subli-
mate solution (I : 2000) before using.  All forms of gauze
can be bought ready prepared from reliable firms. Some
surgeons place silver foil upon a wound before applying the
gauze (Halsted, p. 30). Small wounds in which drainage is
not employed may often be dressed by laying a film of
aseptic absorbent cotton over the wound and applying, by
means of a clean camel’s-hair brush, iodoform collodion (grs.
xlviij of iodoform to 3j of collodion).

When a wound is dressed with gauze a rubber-dam is
sometimes laid over the dressings, so as to diffuse the dis-

Fi1G. 21.—Drainage-tubes: A, glass; 5, rubber.

charge and prevent it from coming rapidly to the surface.
The use of the rubber-dam is not nearly so common as for-
merly. Inan aseptic wound dry dressing uncovered by rub-
ber is the most useful. When a dressing is covered by an
impermeable material it becomes wet, acts as a poultice, and
the discharges on the dressing may undergo decomposition.
A rubber-dam before being used should be washed with
soap and water and soaked in a solution of corrosive sublimate.
Drainage is obtained when needed by rubber or glass tubes,
by strands of horschair, silkworm-gut, or catgut, or by pieces
of gauze. Rubber drainage-tubes (Fig. 21, B) are prepared
by boiling in plain water. They are kept until wanted in a
mercurial solution. This solution should be changed every
few days, because the mercury is apt to be precipitated as
sulphid. Glass tubes are prepared by boiling. A bit of
rubber tissue is sometimes used for drainage.  This material
is also used to cover surfaces which have been skin-grafted.
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Rubber tissue, before being placed on or in a wound, must
be washed with soap and water, rinsed in sterile water, and
soaked in a solution of corrosive sublimate. Gauze, catgut,
etc.,are known as capillary drains. When moist they drain
serum excellently, but pus very badly or not at all. Drainage-
tubes or strands are brought out at a portion of the wound
which will be dependent when the patient is recumbent.
Drainage is used in all infected wounds, in most very large
wounds, in wounds to which irritant antiseptics have been
applied, and in cases in which large abnormal cavities exist.
Dressings must be changed as soon as soaking is apparent,
or if constitutional symptoms of wound infection arise,
and the change must be effected with all of the aseptic care
employed in the operation. Stitches may usually come out
from the sixth to the eighth day, although if there is much
tension on the edges of the wound they are allowed to
remain several days longer. In large wounds, half of the
stitches are taken out at one time, the remainder being
allowed to remain for a couple of days longer. When a
stitch begins to cut it is doing no good, and it should be
removed no matter how short a time it has been in place.
If it is allowed to remain, it will cut into the wound, make a
stitch-abscess, and cause an irregular suture-line.

Preparation of Marine Sponges.—Marine sponges are
rarely used. Gauze pads are preferred. Marine sponges
absorb admirably, but they are hard to clean when new and
cannot be certainly sterilized in their interiors after becom-
ing badly infected. They may be prepared as follows:
Beat out the dust; place them for forty-eight hours in a
solution of hydrochloric acid (15 per cent.); wash them
with water; place them for one hour in a solution of per-
manganate of potassium (3iij to § pints of water); soak for
four hours in a solution containing 10 ounces of hyposul-
phite of sodium, § ounces of hydrochloric acid, and 3 pints
of water; wash with running water for six hours. Keep the
sponges in a jar containing corrosive-sublimate solution
(1 : 1000). After using, wash in hot water, soak for half an
hour in a solution of sodium carbonate (1 : 32), wash in hot
water, and replace in corrosive sublimate.

Senn’s Decalcified Bone-chips.—Take the shaft of the
tibia or femur of a recently killed ox, saw it into portions
two inches in length, remove the marrow and periosteum,
and place the fragments of bone in a 15 per cent. solution
of hydrochloric acid. Change the solution every twenty-
four hours. In from two to four weeks the bone will be
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decalcified. Wash in distilled water, place the pieces of de-
calcified bone for a few minutes in a dilute solution of potash
to neutralize the acid, and then immerse for twenty-four
hours in distilled water. The portions of bone are cut into
strips in the direction of the long axis of the segments.
Each strip is three-quarters of an inch wide and should be
sliced into bits one millimeter thick. These chips are kept
in an alcoholic solution of corrosive sublimate (1 : 500).

I1I. INFLAMMATION.

Definition.—When the tissues are injured they react or
respond, and this reaction or response is known as inflamma-
tion. The process of inflammation is defined by Professor
Burdon-Sanderson as “the succession of changes which
occur in a living tissue when it is injured, provided that the
injury is not of such a degree as at once to destroy its
structure and vitality.” Professor Adami, in his article upon
inflammation in Allbutt's System of Medicine, points out that
this definition really includes too much. He alludes to the
hemorrhage which occurs in the liver after a traumatism,
and the subsequent changes in the extravasated corpuscles,
and points out that these changes are not inflammatory phe-
nomena. This definition, however, includes all inflammatory
conditions, is largely employed, is very useful, indicates the
cause, and, as Burdon-Sanderson says, makes clear that
inflammation is a process and not a state (Adami.) Adami’s
definition is as follows: “ The series of changes constituting
the local manifestation of the attempt at repair of actual or
referred injury to a part, or, briefly, the local attempt at
repair of actual or referred injury.” The changes alluded to
in Burdon-Sanderson’s definition comprise—(1) changes in
the vessels and the circulation; (2) departure of fluids and
solids from the vessels; and (3) changes in the perivascular
tissucs.

Vascular and circulatory changes were formerly
thought to be absolutely essential to inflammation in both
vascular and non-vascular tissucs. In the former they occur
in the inflamed tissues; in the latter (cornea and cartilage)
they are manifest in ncighboring tissues from which the non-
vascular area derives its nutritive material.  As a matter of
fact, in inflammation, vascular changes are almost always
present; but in a rather trivial corneal inflammation the
episcleral vessels may not dilate, and the only white corpuscles
which gather in the damaged area are those which come
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from the lymph-spaces of the cornea. Inflammation in any
tissue will not be accompanied by vascular dilatation unless
the process reaches a certain stage of severity.

Active Hyperemia.—When an irritant is applied to
tissue there may be a momentary arterial contraction due
to irritation of the nerves, but this contraction is transitory,
and is not an inflammatory phenomenon. The first vascu-
lar phenomenon is dilatation of all the vessels—capillaries,
venules, and arterioles—appearing first and being most pro-
nounced in the small arteries. As a result of the dilatation
there are increased rapidity of circulation and increased deter-
mination of blood to the part, and the area of hyperemia
becomes warmer than is normal. This condition of in-
creased circulatory activity is known as * active hyperemia”
(Fig. 23).

Active hyperemia is an increase in the amount of moving
blood in a part. Passive hyperemia is an increase in the
amount of blood in a part,
but not of moving blood,
as passive hyperemia or
congestionis due to venous
obstruction, and the blood
is stagnated.  Plethora
means an increase in the
total amount of body
blood. Diminution in the
amount of blood in a part
is ischemia. Anemia is a
diminution in the amount
of blood in the whole body
because of hemorrhage or
because of insufficient for-
mation of blood. Local
anemia is the complete
cutting of the blood-supply
of a part.

In active hyperemia
more blood goes to the
part and more blood passes through it, an increased amount
of venous blood comes from the hyperemic area, the venous
tension is increased, and the veins may even pulsate. The
capillaries, which under ordinary circumstances contain but
few blood-cells (Fig. 22), become filled with corpuscles
(Fig. 23), and even the smallest capillaries pulsate. The
blood in the veins adjacent to the area of inflammation is of
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a much lighter red than in health. Many capillarics which
were invisible under normal conditions become visible when
active hyperemia exists. The capillaries contain no muscle-
fiber, and hence these tubes cannot actively contract, except
so far as the caliber of the tubes is altered by the contraction
or expansion of the endothelial cells of the capillary wall.
Contraction and dilatation of the capillaries depend chiefly
upon the amount of blood sent to or retained in them. In
active hyperemia the increased amount of blood sent to the
part causes capillary dilatation. As a result of the dilatation
the endothelial cells become thinner than before, the cells as
a result of irritation lose some of their power to restrain
exudation, and some observers assert that openings are
formed between the cells or that previously existing open-
ings enlarge. Fluid elements rarely leave the blood-vessels
during active hyperemia, but they occasionally do. The
wheals of urticaria are thus formed (Warren). Active
hyperemia is often the first stage of an inflammation, but
it is not of necessity followed by other inflammatory
changes, and it can be caused by nerve-section or nerve-
stimulation.

The duration of active hyperemia is variable. If the irri-
tation was brief, the hyperemia is very transitory. If the
irritation is prolonged, it may last some time before giving way
to retardation. In the web of a frog’s foot, if an irritant is
applied, hyperemia lasts from one-half hour to two hours
before it is replaced by retardation.

A hyperemic part, if in or near the surface, is red in color,
imparts a sense of hcat to the examining hand, the color
quickly disappears on pressure and quickly returns when
pressure is released. In a congested part the temperature
is diminished, the surface is purple, the color slowly dis-
appears on pressure and slowly returns when pressure is
removed ; there are edema and a sensation of coldness and
numbness.

Retardation.—After active hyperemia has existed for a
variable time the blood-current begins to lessen in velocity,
until it becomes more tardy than in health. This is known
as “retardation of the circulation.” Retardation is first noted
in the venules, next in the capillaries, and last in the arteri-
oles; but arterial pulsation continues. The red cells take
the center of the blood-stream, which is known as the axial
current. The white corpuscles drop out of the central
stream, separate from the red, and float lazily along near the
vessel-wall. The white cclls show a strong tendency to
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adhere to the venule-walls, and, as a result, accumulate against
the inside of, and stick

to, these walls and to

one another, until the

veins are entirely lined

with layers of leukocytes

(Fig. 23). In the capil-

laries some leukocytes

gather, but not many.

In the arteries they ad-

here during cardiac dila-

tation, but are swept

away by the force of the

heart’s contractions.

Retardation is belicved

to be chiefly due to

paresis of the muscular

walls of the arterioles.

This causation seems

probable when we recall

Lord Lister's experi-

ments upon the P‘g‘ F16. 23.—Dilatation of the Is in infl
ment-cells of the.frog'’s

foot. Lister proved that inflammation paralyzes the pigment-
cells, and concluded that dilatation at the focus of an inflam-
mation is due to the paralyzing action of an irritant. Dila-
tation at a distance from the focus is a reflex phenomenon
(W. Watson Cheyne). When the vessels are weakened or
paralyzed the contractions of the arterioles are feeble or
absent, and the blood is no longer urged forward by arterial
power. The endothelial cclls of the vessels enlarge and
develop a condition of stickiness, which leads the white cells
to adhere to them, and thus increascs resistance to the
current of blood and adds to retardation. Fluids pass
through a vessel in this condition more readily than a
healthy vessel, and white corpuscles lcave the vessel in large
numbers.

Oscillation and Stagnation.—By this accumulation of
leukocytes the blood-stream is progressively narrowed and
the axial current is impeded. The red blood-cells begin to
stick to one another, forming aggregations like rownleaux of
coin, which masses increase the difficulty the axial current
has to contend with, until progressive movement cecases and
the contents of the vessels sway to and fro with the heart-
beat. This is the stage of osci/lation. In a short time oscil-
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lation ceases and the vessels are filled with blood which does
not move, and the vessel-walls become irregular in outline or
even pouched. This stage is known as “stasis” or “stag-
nation” (Fig. 24). If stasis persists, coagulation occurs,
because the vessel-walls have been so injured by the irritant
as to be practically dead material, and they are no longer
able to prevent clotting
of their contents. Stasis
is chiefly due to paralysis
and damage of the vessel-
walls. Diapedesis ceases
when stasis takes place.
We can then sum up the
vascular changes of in-
flammation by stating that
they consist in a dilatation
of the small vessels and a
primary acceleration, a
secondary retardation,
and a subsequent stagna-
tion of the blood-current
with adhesion of leuko-
cytes to the walls of veins
and capillaries, migration
of leukocytes, and the
aggregation into masscs
] ) i . ~ of the red blood-cells. If
Fia. ""Sc‘:f;,’,,ﬁfhzlf,di:ﬁfmci:ﬁ'«)ff:.s's of white  ctasis persists, the vesscl-
walls become profoundly
involved in the inflammatory change, and they may rupture
or be completely destroyed.

Exudation of Fluids.—It is to be remembered that in
the process of nutrition serum and even white cells pass into
the tissues through the walls of veins and capillaries. When-
ever inflammatory retardation of the circulation arises, there
is an increase in the amount of plasma which passes out of
the vesscls, but in inflammation the exudation is vastly
greater in amount and is different in composition. In a
slight inflammation, and in the ecarly stage of any inflam-
mation, thcre is an increase in the fluid exudate, and we
speak of the condition as ““ serous inflammation.” This fluid
is really not scrum, but is liquor sanguinis. We find true
serum in passive congestion, not in active inflammation.
The fluid in a serous exudation contains very few white
cells, and hence little or no fibrin can form in it, and coagu-
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lation does not take place in the perivascular tissues; and if
the inflammation goes no further, the exudate is absorbed by
the lymphatics. A blister is an example of serous inflam-
mation. If the inflammation continues to intensify, the
exudation is altered in character—it becomes thicker, turbid,
and very coagulable. It contains white cells and fibrin-
elements, and coagulates in the tissues, because some of the
leukocytes break up and set free fibrin-ferment, and fibrin-
ferment causes the union of calcium and fibrinogen and the
formation of fibrin. This fluid is known as “lymph,” or
plastic exudation, and when it is present we speak of the
condition as “plastic inflammation.” The lymphatics en-
deavor to absorb the fluid, but become occluded by coagu-
lation, and the area they drain becomes swollen, hard, and
“brawny.” Lymph can be seen in the anterior chamber of
the eye in cases of plastic iritis. The slighter the inflamma-
tion the less albuminous is the fluid—the more intense the
inflammation the more albuminous is the fluid. The focus
of an inflammation usually feels brawny because of coagula-
tion of a highly albuminous exudate—the periphery of an
inflammation is soft and edematous because of the presence
there of thin and non-coagulable exudate. Inflammatory
lymph contains proteids and other substances. “Of these
the more important are ferments, the results of proteolysis
(notably fibrin and its precursors and peptones), and in many
cases mucin, together with bactericidal substances, and,
where bacteria are present, the products of their growth.”!
The amount of the exudation varies with the violence of the
irritation, the nature of the irritant, the general condition of
the organism, and the state of the tissues which are involved.
In dense tissue (bone, periosteum, etc.) the exudation is
scanty. In loose tissues (subcutaneous tissue) it is profuse.
Profuse exudation may take place into a joint, the pleural sac,
the peritoneal cavity, or the pericardium.

Does the plasma leave the vessels as a simple filtrate ?
Some maintain that it does. Heidenhain and others claim
that it does not, and believe that the endothelial cells play an
active part in the process. Heidenhain likens exudation to
secretion, because some materials from the plasma pass out
and others do not. Adami is inclined to agree with Heiden-
hain, that the epithelium plays “not a passive, but an active
role.” It is a question if open spaces do or do not exist
between the endothelial cells, but the existence of such
spaces has not been proved.

' Adami, in Allbutt's System of Medicine. .
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Diapedesis and Migration.—Even early in an inflam-
mation some few white corpuscles pass through the vessel-
walls; but when the inflammation is well established large
numbers, and when it is severe vast hordes, pass into the

F1G. 25.—Stages of the migration of a singz‘e: whil)e blood-corpuscle through the wall of a vein
aton).

perivascular tissues. This process is known as “diapedesis,”
or “ migration” (Fig. 25). The leukocytes throw out proto-
plasmic arms, insert themselves between the cells of the
walls of the vessel, and pull themselves through by their
power of ameboid movement (Fig. 26). Most observers claim

F1G. 26.—Amcboid movements of a leukocyte (Warren).

that they do not pass through existing cpen doors, but form
openings which close after them. This is readily accom-
plished, because the vesscl-wall is itself damaged, weakened,
and convoluted. Others claim that stomata exist between
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the epithelial cells, the vessel-wall being porous like a filter.
The escape of leukocytes takes place chiefly from the
venules, though some migrate through the capillaries and
even the arterioles (Fig. 25).

The leukocytes are influenced to move toward the
damaged tissue by the attractive force known as posi-
tive “ chemiotaxis,” a force which draws them toward in-
vading bacteria, to regions of irritation, and to areas of
tissue-death. Leukocytes may move from very virulent
organisms, influenced by what is known as negative
chemiotaxis. The migration of a leukocyte requires but
a short time. Fig. 25 shows the migration of a white
blood-cell through a vein-wall, the process requiring
one hour and fifty minutes. In very acute inflammations,
red corpuscles pass into the tissues. Red corpuscles are
not capable of ameboid movements, and they escape
through damaged areas in the capillary walls. The white
corpuscles usually greatly increase in number in the blood
of a person who has an acute inflammation (leukocytosis),
and the blood-making organs, such as the spleen and lym-
phatic glands, are often enlarged. The blood-plaques, or
third corpuscles, are found to be present in increased num-
bers. These blood-plaques are not seen in moving blood,
but are found in blood-clot, their usual proportion to red
cells being as 1 to 20, and they are especially numerous at
the height of fever-processes and during convalescence from
an extensive abscess.

Changes in the Perivascular Tissues.—The liquor
sanguinis which exudes during an acute inflammation
coagulates unless prevented by virulent bacteria. It has
often been asserted that exudation is Nature's method of
supplying nutriment to the cells of the damaged region.
Adami points out the apparently contradictory observation
that the amount of exudate is in direct proportion to the
rapidity of cell-destruction, but nevertheless concludes that
exudation stands in close relation with cell-proliferation.!
From whatever cause, tissue-cells multiply, and this process
is known as “cell-proliferation.”

When a tissue is injured it inflames, and, as Adami points
out, the reaction to injury is an attempt to repair injury.

Irritation may lead to degeneration and death of cells; it
may lead to growth and multiplication. In many cases both
processes are active in the acute stage, the cells at the focus
of the inflammation undergoing degeneration and destruction,

b Allbutt’s System of Medicine.
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and those at the boundary undergoing growth and prolifera-
tion.!

If tissue-cells have been seriously damaged, they perish,
and new cells are required to replace them. The inflamma-
tory process has led to exudation of plasma and migration of
leukocytes into the perivascular tissues. The connective-
tissue cells multiply and produce young cells, which are
known as ‘‘fibroblasts,” and which eat up many leukocytes.
The migrated leukocytes in part move out of the inflamed
area, each one carrying within it some tissue-débris, are in
part eaten up by the fibroblasts, in part undergo degenera-
tive changes, and a very few of them multiply and give rise
to fixed cells. This mass of young cells, taking origin
chiefly from the fixed cells, but partly from the leukocytes
has been called embryonic tissue, because of a fancied
resemblance to the cells of the embryo. It has also been
called indifferent tissue, because of the belief that it could
be converted indifferently into various tissues according to
circumstances. It is also spoken of as inflammatory new
formation.

An exudation may be absorbed by the lymphatics. It may
be converted into pus if infected with pyogenic bacteria, or
be replaced by cells from the proliferation of fixed tissue-cells
and leukocytes, the cellular mass being subsequently vascu-
larized by the extension into it of capillary loops derived from
adjacent capillaries. When embryonic tissue is filled with
blood-vessels, that is to say, when it is vascularized, it is
called granulation-tissue. Granulation-tissue is finally con-
verted into fibrous tissue. The above complicated proc-
esses, vascular and perivascular, are not accidents nor hap-
hazard freaks, but are Nature's efforts to bring about a cure.

Dilatation is due to the direct effect of the irritant upon
the muscle or its nerve-elements, Retardation and stasis
are due to paralysis of the vessel-wall, which paralysis
causes resistance to the passage of the blood-stream and
adhesion of the leukocytes to the vessel-wall. The blood
liquor exudes and the leukocytes migrate. Often these
efforts of Nature succeed. Acceleration of the circulation
may succeed in washing away an irritant from the vessel-
wall. By bringing quantities of blood to the part it se-
cures copious exudation of plasma. The exudation may
wash away and remove irritants from the tissues, and the
germicidal blood-liquor may destroy bacteria in the damaged
area. The migration of corpuscles may prove of great ser-

! Adami, in Allbutt’s System of Medicine.
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vice. The leukocytes surround an area of infection and tend
to limit its spread. Leukocytes have phagocytic properties,
and energetically attack and often destroy bacteria, and they
furnish antitoxins which antagonize and may neutralize the
poisons produced by micro-organisms. Leukocytes aid in
separating dead tissue from living, and remove tissue-débris
from the area of inflammation. Further, they may contribute
to repalr, by undergoing multiplication and furnishing young
cells which are not wandering, but fixed. The multiplica-
tion of the fixed connective-tissue cells leads to the forma-
tion of fibroblasts, and fibroblasts are converted into fibrous
tissue, which effects permanent repair (these changes will be
alluded to again in the chapter on Repair).

Nature may fail in her efforts. For instance, an enormous
exudate increases stasis and may cause such tension that
gangrene results.

Inflammation in Non-vascular Tissue.—A type of
non-vascular tissue is the cornea, and the cornea can inflame,
The healthy cornea contains no blood-vessels. It is formed
of many layers of fibers, each layer running parallel with the
corneal surface and forming angles with the fibers of the adja-
cent layers. Between the layers are communicating lymph-
spaces containing connective-tissue cells. When the cornea
inflames the episcleral vessels usually dilate and pour out
exudate, and the fluid exudate and the leukocytes enter into
the corneal lymph-spaces. The exudate coagulates and cell-
multiplication ensues as in any other inflammation. In mild
inflammations the episcleral vessels may not dilate. Leuko-
cytes, from the lymph-spaces, reach the seat of injury in
small numbers, but the fixed cells and possibly some leuko-
cytes multiply. Nancrede points out that in trivial inflam-
mation which injures but does not destroy the epithelium
leukocytes may not go to the seat of inflammation, the only
change being enlargement and multiplication of corneal cor-
puscles. If new formation takes place, a permanent opacity
mars the cornea as a consequence. When cartilage inflames
it becomes filled with leukocytes, which are obtained from
the vessels of the synovial membrane or the bone, and
changes ensue identical with those previously studied.

Classification of Inflammations.—The various forms
of inflammations are—(1) Simple or common, that which is
due to any ordinary traumatic, chemical, or thermal cause,
and not to bacteria, such as traumatic periostitis or sun der-
matitis. It does not tend particularly to spread. As a rule,
the cause of a simple inflammation is momentary in action;
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(2) tnfective or specific, that which is due to micro-organisms,
as the streptococcus of erysipelas. An unsuccessful attempt
has been made to charge all inflammations to bacteria. It is
true that bacteria can generally be found in inflammatory
areas, but that they are the only causes of inflammation is
accepted by few. Infective inflammations often tend to spread
widely ; (3) ¢rawmatic, which is due to a blow or an injury;
(4) dropathic, which is without an ascertainable cause.
There is certainly a cause, even if it cannot be pointed out,
and the term “idiopathic” means that we do not know the
cause; (5) acute, which is rapid in course and violent in
action ; (6) chkronic, which follows a prolonged course; (7)
subacute, which is intermediate in violence and duration be-
tween acute and chronic; (8) sthenic, characterized by high
action. Occurs in strong young subjects; (9) asthenic or
adynamic, occurring in the old, the debilitated, and the
broken-down. In such an inflammation there is no certain
limitation of the inflammation by leukocytes, and there is
an indisposition on the part of the tissue-cells to form fibro-
blasts; (10) parenchymatous, affecting the “ parenchyma,”
or active cells of an organ; (11) énterstitial, affecting the
connective-tissue stroma of an organ; (12) serous, char-
acterized by profuse non-coagulating exudation, as in pleur-
itis, or by marked inflammatory edema; (13) plastic, adhe-
stve, or fibrinous, characterized by an exudation which glues
together adjacent surfaces, as in peritonitis; (14) purulent,
phlegmonous, or suppurative, when the pus cocci are pres-
ent and multiply; (15) Aemorrkagic, when the exudate
contains many red blood-cells, as in strangulated hernia
and in the pustules of black small-pox; (16) croupous, when
an inflammation produces upon the surface of a tissue
a fibrinous exudate which cannot be organized into tissue,
and which is due to the action of micro-organisms. An
exudate of this character was called by the older surgeons
“aplastic lymph.” It occurs most usually on mucous mem-
brane; (17) diphtheritic, which differs from croupous in the
fact that the false membrane is in the tissue rather than
upon it; (18) gangrenous, an inflammation resulting in death
of the part, the gangrene being due to the tension of the
exudate or the violence of the poison; (19) kcalthy, when
the tendency is to repair; (20) wnhealthr, when the ten-
dency is to destruction; (21) /atent, an inflammation which
for some time docs not announce itself by any obvious
symptoms, as the inflammation of Peyer’s patches in typhoid
fever; (22) contagious, when its own secretions can propa-



CAUSES OF INFLAMMATION. 71

gate it; (23) dry, without exudation; (24) kypostatic, arising
in a region of passive congestion (as a bed-sore); (25) malig-
nant, due to malignant growths; (26) catarrihal, affecting
mucous membranes ; (27) neuropathic, due to impairment
of the trophic functions of the nervous system, as in perfor-
ating ulcer; and (28) sympathetic or reflex, due to disease
or injury of a distant part, as when orchitis follows mumps.

Extension of Inflammation.—Inflammation extends
by continuity of structure, by contiguity of structure, by the
blood, and by the lymphatics. Extension by continuity is
seen in phlebitis. Extension by contiguity is seen when a
cutaneous inflammation advances and attacks deeper struct-
ures. Extension by the blood is seen in the formation of
the small-pox exanthem. Extension by the lymphatics is
witnessed in a bubo following chancroid.

Terminations of Inflammation.—Inflammation may
be followed by a return of the tissues to health, and this
return may take place by delitescence, by resolution, or by
new growth. By delitescence is meant abrupt termination at
an early stage, as when a quinsy is aborted by the ad-
ministration of quinin and morphin, and the production of a
sweat; reso/ution means the gradual disappearance of the
symptoms when inflammation has passed through its regular
stages; and mew growth means that an inflammation has
lasted a considerable time, with ample blood-supply, and
without suppuration has gone on to the formation of fibro-
blasts, granulation-tissue, and fibrous tissue. Inflammation
may be followed by death of the inflamed part, or necrosis.
Death of the part may be due to suppuration, ulceration, or
gangrene.

The causes of inflammation are—predisposing, or those
residing in the tissues, and rendering them liable to inflame;
and exciting, or those which directly awake the process into
activity. The first may be thought of as furnishing inflam-
mable material ; the second may be regarded as sparks of
fire.

Predisposing causes are those which impair the general
vigor, injure the blood, weaken the tissues, or lower nutri-
tive activities. Among these causes are shock, hemorrhage,
nervous irritation, gout, rheumatism, diabetes, Bright’s dis-
ease, alcoholism, and syphilis. Plethora renders a person
liable to sthenic inflammations (those characterized by high
action). Tissue-debility renders one prone to adynamic or
asthenic inflammations.

Exciting Causes.—The exciting causes of inflammation are
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—{raumatic, as blows and mechanical irritation ; chemical, as
the stings of insects, ivy poison, etc.; tkermal, heat and cold ;
and specific, the micro-organisms, causing, for instance, tuber-
cular peritonitis or erysipelas.

Some writers insist that every inflammation is due to the
action of micro-organisms, but this statement lacks proof.
They maintain that inflammation is a destructive microbic
process which cannot bring about repair, and that repair
only begins when inflammation ends. As Adami points out,
the advocates of this view argue that swelling, pain, and dis-
coloration point to the existence of inflammation ; that repair
can take place when these phenomena are absent, hence
inflammation is not present when repair begins. As a matter
of fact, swelling, discoloration, and pain are phenomena often
but not invariably associated with inflammation; and in
inflammation one or all of these phenomena may be absent.
Because these signs are not discovered is no proof that in-
flammation does not exist. We believe that inflammation is
not always due to microbes and is not always a destructive
process, but may be from the start conservative and repara-
tive. It is the reaction of the tissue to injury and is the first
step on the road to repair.!

Symptoms of Acute Inflammation.—Inflammation,
if at all severe, announces its presence by symptoms which
are both Jocal and constitutional. The local symptoms are
heat, pain, discoloration, swelling, and disordered function;
the chief constitutional symptom is fever.

Local Symptoms of Inflammation.—The most promi-
nent local symptoms were known centuries ago to the
famous Roman Celsus, who stated them as * rubor, calor cum
tumore ¢t dolore’—redness and heat with swelling and pain.
As set forth to-day, the local symptoms are—(1) heat; (2)
pain; (3) discoloration; (4) swelling; and (5) disordered
function.

Heat is due to the passage of an increased quantity of
blood through the damaged area and to the arrival at the
surface of the body of warm blood from internal parts. Al-
though an inflamed part may be, and usually is, warmer
than the surrounding parts, its temperature is never greater
than the temperature of the blood. This increase of heat is
especially noticeable when we contrast the feeling of an arm
affected with erysipclas with a sound arm ; the diseased arm
fecls much warmer, but still its temperature is not above the
general body-temperature. The extremities in health, as is

! See Adami’s masterly article in Allbutt's System of Mediine.
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well known, show on the surface a temperature below that
of the blood; in an inflamed state their temperature may
nearly equal that of the blood. Heat is always present in
inflammation of a superficial part. The surgeon examines
for heat by placing his hand upon the suspected area and
then placing it upon a corresponding portion of the opposite
side of the patient, in order to note the contrast. If great
accuracy is desired, a surface thermometer is used.

FPain is a constant and a conspicuous symptom. It is due
to stretching of or pressure upon nerves from exudate; to
irritation of nerves; or to inflammation of the nerves themn-
selves, producing cellular changes. Pain is associated with
tenderness (pain on pressure), it is aggravated by motion
and by a dependent position of the part, and it varies in
degree and in character. In serous membranes it is acute
and lancinating, like dagger-thrusts; in connective tissue it
is acute and throbbing ; in large organs it is dull and heavy;
in the bone it is gnawing or boring ; in the skin and mucous
membrane it is itching, burning, smarting, or stinging; in
the urethra it is scalding; in the testicle it is sickening or
nauseating; in the teeth it is throbbing; and in inflamma-
tion under tense fascia it is pulsatile. Pain in inflammation
after presenting itself in one form may change in character.
If a pain becomes markedly throbbing, suppuration may
be anticipated. Pain does not always occur at the seat of
trouble, but may be felt at some distant point. This is
known as a “ sympathetic " pain, and means that a nervous
communication exists between the inflamed part and a distant
area, a nerve-trunk referring pain to its peripheral distribu-
tion. Tenderness, however, is detected at the seat of
trouble.

Fain of hepatitis is often felt in the right shoulder. Pain
at the point of the shoulder is felt also in gall-stones and
in cancer of the liver. The pain arises in filaments of the
pneumogastric from the hepatic plexus, which filaments
reach the spinal accessory, pain being expressed in the
branches of the spinal accessory which supply the trapezius
and communicate with the third and fourth cervical nerves.!

Pain of coxalgia is often felt on the inside of the knee,
because the obturator nerve, which sends a branch to the
ligamentum teres, also sends a branch to the interior and
to the inner side of the knee-joint.

Inflammation of an eye with increased tension causes

! Embleton’s view in Hilton on Rest and Pain, a book every student should
read.
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brow-ache. Inflammation of the neck of the bladder causes
pain in the head of the penis. Inflammation of a testicle
causes pain in the groin. Renal calculus and pyelitis cause
pain in and retraction of the testicle, and pain in the loin,
groin, or thigh.

If the covering of an organ is involved, pain becomes
more violent; for instance, hepatitis becomes much more
painful when the perihepatic structures are attacked. In-
flammation without pain is known as “ latent " (as the inflam-
mation of Peyer’s patches in typhoid). The sudden disap-
pearance of inflammatory pain, when not due to opiates,
suggests the possibility of gangrene, because analgesia exists
in gangrene. The characteristics of inflammatory pain are
that it comes on gradually, has a fixed seat, is continuous, is
attended by other inflammatory symptoms, and is increased
by motion, by pressure, and by the hanging down of the
part. If there be no tenderness in a part, the source of the
pain is not local inflammation; but tenderness may exist
when there is no local inflammation, as in pain referred from
a distant part. Pain of inflammation does not correspond to
an exact nervous distribution. If pain corresponds exactly
to the area of a nerve’s distribution, the cause of it is acting
on the nerve-trunk or on its roots. If the cutaneous surface
is involved, the lightest touch causes pain. If touching the
skin produces no pain, but deep pressure does produce it,
the deeper structures are the source. Pain in muscle and
ligament is developed by motion : in muscle, by contraction,
but not by passive movements with the muscle relaxed; in
ligament pain is developed by active or passive movements
which stretch the ligament. If, for example, a man with a
stiff neck has pain on the right side of the back of his neck
on voluntarily turning his face toward the left shoulder, but
is without pain when his face is turned by the surgeon, who,
conversely, induces pain by turning the patient’s face far to
the right, this condition indicates the trouble to be muscular.
If, however, no pain arises on turning the face to the right,
but it is manifest on turning the face actively or passively to
the left, the pain is in those ligaments which stretch when
the face is turned to the left.! In inflammation of the syno-
vial membrane gentle passive motion in any direction causes
pain.

The pain of colic differs from that of inflammation. Itis
sudden in onset, intermits, recurs in paroxysms, and is re-
lieved by pressure. The pain of inflammation is gradual in

Y Surgical Diagnosis, by A. Pearce Gould.
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onset, is continuous, and is made worse by pressure. The
pain of neuralgia is often preceded by cutaneous anesthesia
of the skin of the part, is very paroxysmal, comes on sud-
denly, darts through recognized nerve-areas, lasts some
hours, and is apt to recur at a certain hour. It presents no
general tenderness, as does inflammation, but we may find
several points which are acutely sensitive to pressure (Val-
leix's points doulourcux). The tender spots of Valleix are
met with in fzvcterate neuralgia, and occur at points where
. nerves “pass from a deeper to a more superficial level, and
particularly where they emerge from bony canals or pierce
fibrous fascie.”!

Pain is often of great value by calling attention to parts
diseased ; but it may be a terrible evil, racking the organism
and even causing death. If pain continue long, it becomes
in itself formidable: it prevents sleep, it destroys appetite,
and it deteriorates the mind, and one of the surgeon’s highest
duties is to relieve it. The physiognomy or expression of
physical pain presents the following characteristics : Heavy
fulness about the eyes, and dropping of the angles of the
mouth, added to appearances due to anemia, widespread
tremor, etc. The absence of the physiognomy of pain in a
person who complains of great agony is a strong indication
that the patient exaggerates the gravity of his sufferings or
deliberately deceives.

Discoloration arises from determination of blood to the
part; hence the more vascular the tissue the greater the
discoloration. A non-vascular tissue presents no discolora-
tion, though we usually find discoloration adjacent in the
zone of blood-vessels which furnish the tissue with nutri-
ment. Discoloration is most intense at the focus or center
of inflammatory action. Discoloration varies in tint and in
character according to the tissue implicated and the nature
of the inflammation. It may be circumscribed or diffuse.
Arborescent redness means a distribution in dendritic lines.
Linear discoloration signifies redness running in straight
lines, as in phlebitis. Punctiform discoloration occurs in
points, and is due to vascular rupture. Maculiform redness
resembles an ecchymosis or blotch. Dusky discoloration
points to suppuration.

Inflammation of the throat and skin produces scarlet dis-
coloration ; inflammation of the sclerotic coat of the eye and
of the fibrous coat of muscle produces lilac or bluish discol-
oration ; inflammation of the iris produces brick-dust, gray-

1 Anstie, Neuralgia and Diseases which Resemble It.



76 INFLAMMATION.

ish, or brown discoloration; erysipelas causes a yellowish-
red discoloration; secondary syphilis causes a copper-hued
discoloration ; and tonsillitis causes a livid discoloration. A
tubercular ulcer is of a purple color on the edge. Gangrene
is shown by a black discoloration. A scorbutic ulcer is sur-
rounded by an area of violet color.

Redness as a sign of inflammation must be permanent
and joined with other symptoms. Redness due to inflam-
mation disappears on pressure, but returns as soon as the
pressure is removed. If redness is due to staining of the
surface by dye, pigmentation, or extravasation of blood, press-
ure will not blanch the spot. If on taking off pressure the
redness of inflammation rapidly returns, the circulation is ac-
tive; if, on the contrary, it very slowly reappears, the circula-
tion is very sluggish and gangrenc is threatened. Subcuta-
neous hemorrhage gives rise to a purple-red. color which
does not fade when subjected to pressure. Stains of the
surface by dyes fail to disappear on pressure, are distributed
over a considerable surface, show a hue which is uniform
throughout, are obviously superficial, are not associated with
other signs of inflammation, and can be washed away.

A. Pearce Gould, in his excellent little work upon Swur-
gical Diagnosis, tells us that the color of a hyperemic sur-
face may furnish important information. Lividity may mean
failure of the heart and lungs, or simply venous congestion
in the part. In lividity from obstruction of the lungs or
heart the color slowly returns after pressure has driven it
out. In lividity due to local congestion the color quickly
returns when pressure is released and the dilated veins are
often distinctly visible.

Swelling or tumefaction arises in small part from vascular
distention, but chiefly from effusion and cell-multiplication.
The more loose cellular matcrial a part contains, the more it
swells ; hence the eyelids, scrotum, vulva, tonsils, glottis, and
conjunctive swell very largely when inflamed. A swelling
is soft or cdematous when due to uncoagulable effusion; is
brawny and doughy when due to coagulated effusion; is
hard and elastic when produced by proliferating cells.
Swelling may do good by unloading the vessels and acting
like a blister or local bleeding, or it may do great harm by
pressing upon the vessels and cutting off the blood-supply-.
Swelling of the conjunctiva, or chemosis, may cause slough-
ing of the cornea, and swelling of the prepuce may cause
gangrene. A swelling may do harm by obstruction of a
natural passage, as in edema of the glottis, when the larynx
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becomes blocked; or by compression of a normal channel,
as in the swelling of the perineum, when the urethra is com-
pressed. A swollen area may be covered with blisters or
blebs. This condition is noted particularly in burns.

Disordered function is always present in inflammation.
It may be manifested by incrcased tenderness or sensibility,
a slight touch, it may be, producing torturing pain. Parts
almost or entirely destitute of feeling when healthy (as ten-
dons, ligaments, and bones) become highly sensitive when
inflamed. It may be manifested by increased irritability. In
dysentery the colon constantly contracts and expels its con-
tents ; the stomach does likewise in gastritis; and the blad-
der acts similarly in cystitis. Spasmodic twitching of the
eyelids occurs in conjunctivitis, and twitching of the muscles
in fracture and after amputation.

Impairment of Special Function—In inflammation of the
eye, when an attempt is made to look at objects, the lids
close spasmodically, and even a little light causes great pain
and lachrymation (photophobia). In inflammation of the
ear noises cause great suffering, and even when in a quiet
room the patient has subjective buzzing and roaring sounds
in his ears (tinnitus aurium). In coryza the sense of smell,
in glossitis the sense of taste, in dermatitis the sense of touch,
and in laryngitis the voice may be lost. In inflammation of
the brain the mind is affected; in arthritis the joints can
scarcely be moved; and in myositis it is difficult and painful
to employ the muscles.

Derangement of Secretions—In dermatitis the sweat is not
thrown off; in hepatitis bile is not properly secreted ; and in
nephritis urea is not satisfactorily removed. The secretions
. may undergo important changes of composition. The spu-
tum in pneumonia is rusty, and dysentery causes a discharge
of bloody mucus (Gross).

Derangement of Absorbents—In the height of an inflam-
mation the absorbents are blocked and clogged by coagu-
lated fibrin, and they cannot perform their offices.

Constitutional symptoms of acute inflammation may be
absent, and often are in moderate or limited inflammations ;
but in severe, extensive, or infective inflammations the symp-
tom-group known as fever is certain to exist. This is known
as symptomatic, sympathetic, or inflammatory fever, and it
arises in non-septic cases from the absorption of aseptic
pyrogenous exudate and in microbic inflammations from
absorption of pyrogenous toxic products of bacterial action.
In young and robust individuals an acute non-microbic
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«w.x A toav the white corpuscles sink more slowly by the
w s O tebe than far from the sides.

Crewne tattammation.—This condition progresses slowly
v cana ot produce symptoms of severity either in the
e A haedy at large.

nn Rlood-discases, as rheumatism and gout; infec-
N o« twataes, as tuberculosis and syphilis; retained pus in an |

11wt abwecess; blockage of the duct of a gland; the
ot of W toreign body in a part; the flow of an irritant
wasiant (as saliva from a fistula); repeated identical trau-
fe + a0t an occupation, etc. - W. Watson Cheyne tells us
o1 e rethunmation is not due to the cerdmary pyogenic
wotaos (see Cheyne's article in Treves's System of Sur-
Y v durges.—These changes are practically the same
« © wute inflammation, but take place far less rapidly. It
~ ¢ ctatied by Cheyne and others that typical granulation-
ax.« Jhoes not form, the tissues of the part being replaced
s ~wous tissue.  The amount of fibrous tissue produced
w wlatnely very great. This tissue may cause permanent
. Aeiing, or may contract and thus diminish the size of a
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part. Contraction is very considerable in cirrhosis of the
liver and in interstitial nephritis.

Symptoms—Pain varying in intensity and character; ten-
derness; great swelling, which in some cases is followed by
shrinking, and is usually indurated or brawny ; sometimes heat,
rarely discoloration unless the skin is itself inflamed. There
are no constitutional symptoms attributable purely to the in-
flammation. If there are such symptoms, they are due to
the disease which induced the inflammation or to interference
with the function of an organ because of the fibrous mass.
(For treatment of chronic inflammation see articles upon
special regions and particular structures.)

Treatment of Acute Inflammation.—The first rule in
treating an inflammation must be to remove the exciting
cause. If this cause is a splinter in the part, take out the
splinter; if it is a foreign body in the eye, remove the
foreign body ; if urine is extravasated, open and drain; take
off pressure from a corn; pull out an ingrown nail; and
remove microbes from an infected area by exposing, irrigat-
ing, and applying antiseptics. The rule, remove the cause,
applies to a chronic as well as to an acute inflammation. If
the cause of an inflammation was momentary in action (as
a blow), we cannot remove it, for it has already ceased to
exist. After removing the cause, endeavor to bring about a
cure by local and constitutional treatment.

Local Treatment of Inflammation.—It must be remem-
bered that the division of inflammation into stages is natural,
and not artificial, and that a remedy which does good in
one stage may do harm in another. Certain agents are
suited to all stages of an inflammation, namely, rest and
elevation.

Physiological rest is of infinite importance, and is always
indicated in acute inflammation. In the exercise of function
blood is taken to a part and an existing inflammation is aggra-
vated. Further, as Billroth has pointed out, rest prevents
the dissemination of infection, because motion exposes fresh
surfaces to inoculation and breaks down protective barriers
of leukocytes. Its principles were first thoroughly studied
by Hilton.! The means of securing rest differ with the
structure or the part diseased. When rest is used, do not em-
ploy it too long. Restin bed diminishes the amount of blood
sent to an inflamed part and lessens the force of the circula-
tion, hence it antagonizes stasis. It has been shown that the
heart beats at least fifteen times per minute less when the

Y Lectures upon Rest and Pain,
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patient is recumbent than when he is erect. Thesaving of
strength and the benefit of the local condition are thus seen
to be enormous. In fact, the heart saves at least twenty-one
thousand beats a day. In every severe inflammation insist
on the patient going to bed. In cerebral concussion rest must
be secured by quiet, by darkness, by the avoidance of stimu-
lants and meat, by the application of ice to the head, and
by the use of purgatives to prevent reflex disturbance and
the circulation of poisons in the blood. In inflamed joints
rest must be obtained by proper position, associated in many
cases with the adjustment of splints or plaster of Paris, or
the employment of extension.

In plenritis partial rest can be secured by strapping the
affected side with adhesive plaster or by using a bandage or
a binder to limit respiratory movements. In fractures Nature
procures rest by her splints—the ca//lus—and the surgeon
procures rest by his splints—firm dressings, or exten-
sion. In cancer of the rectum and intractable rectitis, a
colostomy secures rest for the inflamed and damaged bowel.
In enteritis opium gives rest to the bowel by stopping peri-
stalsis. In cpstitis rest is obtained by opium and belladonna,
which paralyze the muscular fibers of the bladder. The use
of the catheter gives rest to the bladder by removing urine.
A cystotomy allows complete rest by permitting the bladder
to suspend its function as a reservoir of urine. In cystitis
from vesical calculus rest is obtained by cutting or crushing the
stone. In inflamed mucous memébrane rest from the contact
of irritants is secured by touching the membrane with silver
nitrate, which forms a protective coat of coagulated albumin.
Opening an abdscess gives its walls rest from tension. In n-
Sfammations of the eye light must be excluded to obtain com-
plete rest, but tolerably satisfactory rest is given in some cases
by the use of glasses of a peacock-blue tint. In ancurism
the operation of ligation cuts off the blood-current and gives
rest to the sac. In /Jermia the operation gives rest from
pressure. Instances of the value of rest could indefinitely
be multiplied.

Relaxation is in reality a form of rest, and consists in
placing the part in an easy position. In synovitis of the knee
semiflexion of the knee-joint lessens the pain. In muscular
inflammations relaxation relieves the pain.

Elevation partly restores circulatory equilibrium. A felon
is less painful when the hand is held up in a sling than when
it is dependent. A congestive headaclke is worse during re-
cumbency. A gouty inflammation in the great toe is more
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painful with the foot lowered than when it is raised. A footh-
ache becomes worse on lying down.

Certain agents are suited to the stage of vascular engorge-
ment, increased arterial tension, and beginning effusion.
These agents are—(1) local bleeding or depletion; (2) cut-
ting off the blood-supply ; and (3) cold.

Local bleeding, or depletion, is the abstraction of blood from
the inflamed area. This abstraction relieves circulatory re-
tardation and causes the blood to move rapidly onward;
the corpuscles clinging to the vessel-walls are washed away,
the capillaries shrink to their natural size, and the exudate
is absorbed. In other words, local blood-letting increases
the rate of the circulation, though not its force.

The methods of bleeding locally are—(a) puncture; (9)
scarification ; (c) leeching; and (<) cupping.

Puncture is recommended in inflammation, not only
because it abstracts blood locally, but also because it gives
an exit to effusion under fibrous membranes. It is very use-
ful in relieving tension—for instance, in epididymitis. It is
performed with a tenotome and with aseptic precautions. If
numerous punctures are made, the procedure is termed
“ multiple puncture.” This is very useful when applied to
the inflamed area around a leg-ulcer. The late Prof. Joseph
Pancoast was very fond of employing multiple punctures,
designating the operation “the antiphlogistic touch of the
therapeutic knife.”

Scarification or Incision—By means of scarification we
bleed locally, evacuate exudates, and relieve tension. One
cut or many cuts may be made, and these cuts may be deep
or may not go entirely through the skin, according to cir-
cumstances. Multiple incisions are useful when applied to
inflamed ulcers, ulcers in danger of gangrene, and to almost
any condition of great tension. Free incision is of great
value in periostitis and in threatened gangrene. In osteo-
myelitis the medullary canal must be promptly opened.

Leeching.—Leeches must not be applied to a region plenti-
fully endowed with loose cellular tissue, as great swelling
and discoloration are sure to ensue. These regions are the
prepuce, labia majora, scrotum, and eyelids. Leeches should
never be applied to the face (because of the scar), near
specific scars or inflammations, nor over a superficial artery,
vein, or nerve. A leech is best applied at the periphery
of an inflammation and between an inflammation and the
heart. To leech at the inflammatory focus only aggravates
the trouble. Before applying leeches, wash the part and

6
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shave it if hairy. If the leeches will not bite, smear the part
with milk or with a little blood. In using a leech, place it
on the skin under a glass tube, or an inverted wine-glass.
The thick end of the leech is the tail, and this must be placed
in the glass first. Never pull off a leech: let it drop off; and
if it refuses to do so, sprinkle it with salt. After removing a
leech, employ warm fomentations if continued blecding is de-
sired. Sometimes the bleeding persists, but this may be ar-
rested by styptic cotton and pressure. In some rare cases the
bleeding continues in spite of pressure. This is due to the fact
that the tissue contains a considerable quantity of a material
from the throat of the leech, which material prevents coagula-
tion of blood. In such a case excise the bite and the area of
tissue adjacent to it, and suture the wound. Leeching leaves
permanent triangular scars. The Swedish leech, which is
preferred to the American, draws from two to four drams
of blood. After a lecch has been removed, if we desire to
use it again, place it in salt water. This causes it to vomit
the blood which it has taken up. Leeching has both a con-
stitutional and a local effect. Itis at the present time used
comparatively rarely, but it is employed by some practitioners
over the spermatic cord in epididymitis, on the temple in
ocular inflammation, and over the right iliac region to relieve
the pain in mild cases of appendicitis.

Cupping.—Dry cups deviate blood from a deeply placed
inflamed area to the surface. Wet cups actually remove
blood.

Dry Cups—Dry cups are applied without first incising the
skin. One or many may be applied. A special instrument
is sold in the shops for the performance of dry cupping. It
consists of a glass bell, with a globular and hollow top of
rubber. The rubber bulb is emptied of air by squeezing,
the glass bulb, the edges of which have bcen greased, is
pushed upon the skin and the compression is relaxed upon
the bulb. A partial vacuum is created, and an arca of skin
and subcutaneous tissue full of blood rise up into the glass
bell.

Cupping can be easily performed by means of a tumbler.
The edge of the glass is greased; a bit of blotting-paper
wet with alcohol is placed in the bottom of the tumbler and
lighted. After a brief period the glass is inverted and placed
upon the skin, which has been dampened with warm water.
As the air in the glass cools the tissues rise up into the
partial vacuum.

Vet Cups—Wet cups draw blood, and the skin should be
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cleansed before they are applied. In wet cupping apply
a cup for a moment, remove it, incise or puncture the skin,
and replace the cup to draw the requisite amount of blood.
Incisions may be made by a lancet
or scarificator, a cup being then ap-
plied. An excellent scarificator is
shown in Fig. 27. In this instrument
concealed blades are thrown out by
touching a spring. Baron Heurteloup
devised an instrument (Fig. 28) in
which the incision is made by a scari-
ficator. The blood is drawn by a
pump, the tube being placed upon
the cut area and the withdrawal of
the piston creating a vacuum. This
instrument is known as the “arti-
ficial leech.” After scarification and the application of the
cup, the partial vacuum draws blood into the cup; when the
surfacé ceases to bleed, the cup is removed, and if further
bleeding is thought desirable, the clots are wiped away and
the cup is again applied, and after its removal warm fomen-
tations are used (Cheyne and Burghard). Wet cupping is
of value in pleuritis, pericarditis, and nephritis.

Cutting off the Blood-supply—Onderdonk, of New York,
in 1813 recommended ligation of the main artery of a limb

F1G. 28.—Heurteloup’s artificial leech.

for the cure of inflammation in important structures supplied
by the vessel. The procedure was warmly advocated by
Campbell, of Georgia, for the treatment of gunshot-wounds
of joints. This plan of treatment is now not to be considered
for a moment; antisepsis furnishes us with a safer and more
certain plan. Vanzetti, of Padua, advocates digital pressure
to cut off the blood-supply to an inflamed part.
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Cold is a very powerful and useful agent if used judiciously
and applied at the proper time. It is valuable because of its
reflex effect upon the vessels of the inflamed area rather
than because of direct action upon the cells of a part. It
should be used early in the case, before stasis occurs. It
is not to be used in the later stages of inflammation, for it
will then only aggravate the existing state—in fact, when
there is considerable exudation cold does no good.

Cold acts by constricting the vessels of a hyperemic area,
thus lessening the amount of blood sent to the part, antago-
nizing stasis, and preventing the exudation of fluids. Fur-
ther, it prevents the migration of leukocytes, retards cell-
proliferation, relieves pain and tension, and lowers tem-
perature. If cold is too intense, if it is kept too long
applied, if it is used late in an inflammation, if it is used
upon an old or feeble patient, when there is much exu-
dation or a condition of tissue strangulation, it does actual
harm. It lessens the nutritive activity of cells, constricts
the lymph-spaces and channels, favors stasis, and" hence
lowers the vitality of the tissues. If the parts are con-
stricted, as in hernia, or compressed by a large exudate, or
fed by diseased blood-vessels, cold may cause gangrene.
Nancrede, in his Principles of Surgery, points out that in an
inflammation stasis soon arises at the focus of the inflamma-
tion, and there is an area of stasis surrounded by a zone of
hyperemia. Cold benefits the hyperemic zone but aggra-
vates the stasis. Nancrede cautions us as follows: “ Judg-
ment is therefore requisite to decide whether the evil at the
focus will not outweigh the good exerted at the periphery!
Nancrede further points out that cold must not be used inter-
mittently ; but if employed at all, must be continuously
applied. If cold is applied intermittently, there will be a re-
action whenever it i1s removed, and this reaction causes
increased hyperemia. Hence, cold must.be * continued in
action to prevent reaction.” If during the employment of
cold the skin becomes purple and congested and the circula-
tion feeble, at once discontinue the use of it, as its continu-
ance will be dangerous.

Cold may be used as wet cold or as dry cold.

Wet Cold.—Wet cold is easily applied, but it is much more
depressing than dry cold, is likely to produce discomfort,
macerates the skin, and may lead to the formation of excoria-
tions, etc. A part can be subjected to wet cold by the
application of evaporating fluids or the use of a siphon.

Y Principles of Surgery.
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When wet cold is used inspect the part at frequent intervals,
and discontinue the treatment if evidences of stasis become
positive. Evaporating fluids are extensively employed. If
such a fluid is used, never cover the part with a thick dress-
ing. If this should be done, the fluid will not evaporate with
sufficient rapidity to produce cold. A piece of thin muslin
or flannel should be moistened with the fluid and laid upon
the part, and be kept constantly moist by the application
from time to time of small quantities of the liquid. Lead-
water and laudanum is used extensively, and probably owes
its chief value to the fact that it produces cold on evapora-
tion. Lead-water and laudanum is composed of 3j of lauda-
num, 3j of liquor plumbi subacetatis, and 1 pint of water.
Liquor plumbi subacetatis dilutus may be used without
laudanum. It is thought that the addition of laudanum
tends to allay pain. A solution of ammonium chlorid may
be used in the strength of 3j of the drug to 2 quarts of
water. If ammonium chlorid is used for more than a short
period of time, it is prone to cause the formation of blisters
which are irritable and painful. Cheyne and Burghard
use the following formula: § ounce of ammonium chlorid,
1 ounce of alcohol, and 7 ounces of water. Plain spring
water, iced water, or a mixture of alcohol and water may be
used. The siphon is occasionally used. If there is a
wound, the fluid must be aseptic or antiseptic. In conjunc-
tivitis, cold is applied to the eye by means of linen or muslin
soaked in iced water laid upon the lid, and frequently changed.

To apply wet cold by means of a siphon, the part is cov-
ered with one layer of wet linen or muslin and is laid upon
a rubber sheet folded like a trough and emptying into a
bucket. A vessel filled with cold water is placed upon a
higher level than the bed. A wet lamp-wick is now taken,
one end is inserted into the water of the vessel, and the other
end is laid upon the part. Capillary action and gravity com-
bine to keep the part moist. A rubber tube may be used
instead of a wick. If a tube is employed, tie it in a knot or
clamp it so that the fluid is delivered drop by drop (Fig. 29).
Otdinary water or iced water can be used. If the water be
too warm, it can be reduced to about 45° F. by adding 1
part of alcohol to every 4 parts of water. A mixture of §
parts of nitrate of potassium, § parts of chlorid of ammo-
nium, and 16 parts of water produces great cold.

Dry cold is more manageable and more generally useful
than wet cold. It is applied by means of a rubber bag or a
bladder filled with ground or finely cracked ice, several folds



86 INFLAMMATION.

of flannel being first laid over the part. The flannel collects
the moisture from the “sweating” bag and thus prevents
maceration of the skin. Further, it saves the tissue from
being subjected to too much direct cold and enables us to
obtain the beneficial reflex effect. The ice-bag of India rubber
is widely used. We can venture to apply by means of the
ice-bag a greater degree of cold than it is proper to apply by
the use of fluids, as dry cold is not so likely to induce gan-

F1G. 29.—Siphon (Esmarch).

grene as is moist cold. If there is much tenderness, the
weight of an ice-bag causes pain, and it is best to suspend
it from a frame, so that it lightly touches the part. The
frame is the same as is used to keep the bedclothes from
a fractured leg, and is made from barrel hoops (Fig. 143).
During the time an ice-bag is being used the part must be
inspected at brief intervals to see that the circulation is
not unduly depressed. The ice-bag is frequently used
in joint-inflammation, in intracerebral inflammation, in the
early stage of appendicitis, in epididymitis, and in acute
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myelitis. If a joint is sprained, the immediate application
of an ice-bag is of great service. A part can be encir-
cled with a rubber tube through which iced-water is made to
flow (Fig. 30). Even when this apparatus is used the part
should first be wrapped in flannel. Leiter's tubes, which are
tubes of lead made to fit various regions and which carry a
stream of cold water, can also be used. A piece of flannel
must be placed between the tube and the skin. The tempera-
ture of these tubes can be lowered to any desired degree by
lowering the temperature of the circulating fluid. Cheyne
and Burghard caution us to use a fluid at a temperature not
under 50° or 60° F,, to inspect the part every three or four

F16. 30.—The Esmarch cooling coil.

hours, and not to employ the tubes longer than twenty-four
hours.!

Heat is employed by some early in an inflammation. It
is rarely beneficial at this stage, except when applied by a
hot-air apparatus for the treatment of an injured joint. It
is true that a degree of heat which does not actually destroy
the tissues will contract the vessels as does cold; but this
degree of heat will not be borne by the patient, and will not
be tolerated unless but a limited portion of a superficial part
is involved. '

Certain agents are suited to the stage of fully developed

! Manual of Surgical Treatment, by W. Watson Cheyne and F. F. Burg-
hard.
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inflammation, when there is a great deal of swelling due to
effusion and cell-proliferation. The indication in this stage
is to abate swelling by promoting absorption. This is accom-
plished by (1) compression; (2) the local use of astringents
and sorbefacients; (3) the douche; (4) massage; and (5)
heat.

Compression is especially useful in fully developed or in
chronic inflammation, but it will do good also in the first
stage. Compression is of great usefulness; it supports
the vessels and causes them to drink up effusion, and it
strongly rouses the absorbents. This agent is valuable
in most external inflammations with much swelling. In
erysipelas of an extremity the part should be elevated and
the extremity bandaged from the periphery to the body. In
ulcers, especially those with hard and blue edges, the use
of Martin’s elastic bandage or of straps of adhesive plaster
gives decided relief. In chronic inflammation of a joint elas-
tic compression is of great value. In epididymitis, after the
acute stage, the testicle may be strapped with adhesive plas-
ter. In lymphadenitis compression by a weight or by a
bandage is very generally employed. In fractures compres-
sion not only antagonizes spasm, but often combats the
swelling and pain of inflammation. Compression must be
judicious: it must never be forcible, and it must not be
applied to a limb without including the distal extremity
(never, for instance, strongly compress the elbow without
including the hand, nor the palm without bandaging the
fingers). Injudicious compression causes severe pain, and
may produce gangrene.

Astringents and Sorbefacients—Astringents may have
direct value in inflammation of the skin, but it is not likely
that they have any effect in deep-seated inflammation. When
used in evaporating lotions in an earlier stage of inflamma-
tion the cold does good rather than the drug. Lead-water
and laudanum is extensively employed and it is thought to
somewhat allay inflammatory pain. The mixture is certainly
serviceable in cutaneous erysipelas. It is very doubtful if
lead-water is of any service at any stage of a deep-seated
inflammation or in any fully developed inflammation. If
used after the first stage it must not be applied as an evap-
orating lotion, because cold will do harm. Pieces of lint are
soaked in the fluid and placed upon the part, and a bandage
is applied. The wet lint which has been placed upon the part
is covered with oiled silk or a rubber-dam before the band-
age is applied. If used in the latter manner, the body heat
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is retained in the part. If greater heat is desired, a hot-water
bag can be placed outside of the bandage. Lead-water is
not used in treating wounds.

Tincture of iodin is astringent, sorbefacient, counterirritant,
and antiseptic. It must not be used pure. For application to
adults it should be diluted with an equal amount of alcohol,
and for children with 3 parts of alcohol. In using iodin, paint
it upon the part with a camel’s-hair brush and fan it dry,
applying one or more coats. The repeated application of
iodin to the skin is of great benefit in inflammation of the
glands, muscles, tendons, joints, and periosteum. Iodin is
apt, after a time, to vesicate, and must not be used in full
strength, because it is irritant. It is of especial value in
chronic inflammation. In deep-seated inflammation it acts
as a counterirritant.

Nitrate of silver is a non-irritating astringent of considera-
ble value in inflammation of mucous membranes. It forms
a protective coat of coagulated albumin, and is much used
in treating the throat, mouth, and genital organs. In
urethral inflammation a proteid compound of silver known
as protargol may be used.

Ichthyol is a drug of decided efficiency in reducing inflam-
matory swelling. It is usually employed in ointments, the
strength being from 25 to 50 per cent. It is best exhibited
with lanolin. When rubbed in over inflamed glands, joints,
and lympbhatic enlargements it is of great value. In children
a 25 per cent, and in adults a 50 per cent., ointment should
be rubbed in thoroughly twice a day. In inflammatory skin-
disease, synovitis, thecitis, frost-bite, bubo, chilblain, and in
many other conditions, acute or chronic, the use of ichthyol
is indicated. The odor of ichthyol is highly disagreeable, and
when ordered for a refined person it had better be deodor-
ized. For this purpose Hare uses oil of citronella, mxx to
3j of ointment.

Mercurials—Blue ointment, pure or diluted to various
strengths, is extremely valuable. It is spread upon lint
and kept applied over areas of fully developed inflam-
mation. It is especially useful in acutely or chronically
inflamed joints, glands, tendons, etc. Blue ointment is
strongly irritant, and will soon blister or excoriate a tender
skin. It is very beneficial in periostitis, and is employed
largely in chronic inflammations.

The doucke consists of a stream of water falling upon a
part from a height. The water may be poured from a
receptacle or may run through a tube, and may be either
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hot or cold. Alternating hot and cold streams are very
popular in inflammations of joints and tendons, especially in
chronic inflammation. This mode of application is known as
the “ Scotch douche.” It restores the tone of the blood-ves-
sels and plasma-channels and promotes the absorption of
inflammatory exudate. If the part is very tender, the water
should be squeezed upon it from sponges. In a sprain of
the knee-joint, after a time, when thickening has occurred,
pour upon the part daily, from a height, first a pitcherful of
very hot water, then a pitcherful of very cold water; then
use friction with a hand greased with cosmolin. Hot vaginal
douches are largely employed in pelvic inflammations.

Massage is a procedure not frequently enough employed.
It is very useful in some acute inflammations, though in
these it must be gentle. Itis of great service in the treat-
ment of sprains of joints and fractures. It is influential for
good in chronic inflammations at the period when rest is
abandoned. It acts by promoting the movements of tissue-
fluids (blood, lymph, and arcolar fluid), stimulating the
absorbents, strengthening local nervous control, and thus
improving nutrition. Passive motion in joints acts as
massage.

Heat may be used continuously or intermittently, and may
be either moist or dry. A considerable degree of heat will
act like cold and contract the vessels. The degree neces-
sary to cause vascular contraction would not destroy the
tissue, but would produce discomfort, which discomfort
would become unbearable during the continuance of the
application. Therefore, heat is rarely used in the earliest
stage of an acute inflammation. It is hard to state ex-
actly when heat should be substituted for cold. Certainly
after a day or two it is preferable. The sensations of the
patient may be of use in determining this point, and if heat
gives comfort it may be used. Moderate hecat should be
used when inflammation is not very superficial. In a cuta-
neous inflammation heat usually does harm, because it in-
creases the congestion of an inflamed superficial part. In
deep-scated inflammations heat to the surface acts as a re-
vulsive or counterirritant. Thus a poultice to the chest may
do good in the first stage of pneumonia, and cauterization of
the skin over a joint may benefit an acute synovitis. The
use of heat for purposes of counterirritation will be discussed
under the head of Counterirritants. A modcrate degree of
heat applied over a fully developed and not too superficial
inflamed area dilates the vessels, especially the veins. Thus
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circulation is re-established in an area filled with stagnant
blood or blood which is scarcely moving, fluid exudate is
absorbed, tension is lessened, the lymph-spaces and vessels
distend, and lymphatic absorption becomes active. The
application of heat increases the ameboid activity of the leuko-
cytes, phagocytes gather in great numbers and surround an
area of infection, and those which have taken up bacteria
or tissue-débris hurry away.! Heat notably lessens the pain
of inflammation. It is often used purely to relieve pain.

The forms of heat are—(1) fomentations ; (2) poultices ;
(3) water-bath; and (4) dry heat.

Fomentation is the application to the skin of a piece of flan-
nel containing a hot liquid. A basin is warmed and over the
top of the basin a towel is placed. A piece of flannel folded
in two or three thicknesses is laid upon the towel and
boiling water is poured upon it. By twisting the towel the
water is squeezed out. Great care must be taken to squeeze
the water out of the flannel, otherwise the skin may be
scalded. The hot flannel is laid upon the desired part. A
rubber-dam larger than the flannel is placed over it, a mass
of cotton is laid upon the rubber-dam, and a bandage is ap-
plied. The fomentation must be changed within an hour
unless a hot-water bag has been placed outside of the
bandage, in which case it need not be changed for two hours
or more. The flannel which is dipped into the hot liquid is
known as a *stupe.”” The turpentine stupe is made by
wringing out the flannel as above and then putting upon it
from 10 to 20 drops of turpentine. Instead of fomenting the
part, steam may be thrown upon it. Fomentations are used
chiefly for their reflex influence over deep congestions or in-
flammations. The liquid of a fomentation may, if desired,
contain corrosive sublimate, carbolic acid, or other agents.
A fomentation containing an antiseptic is known as an anti-
septic fomentation. An antiseptic fomentation or, as it is
often called, an antiseptic poultice, is made and applied as
follows: Gauze is used instead of flannel, and is laid upon
the towel over the basin as previously described. A very
warm solution of corrosive sublimate (I:1000) is poured
upon the gauze, the material is partly wrung out, placed upon
the part, covered with a rubber-dam, and upon it a hot-water
bag is placed. Fomentations are very useful in relieving
pain in any stage of an inflammation and act also as coun-
terirritants. Fomentations are used in preference to poul-
tices if there is any probability of a surgical operation

1 Nancrede, in Principles of Surgery.
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becoming necessary, because skin to which a poultice has
been applied cannot be satisfactorily sterilized.

Poultice or Cataplasm.—A poultice is a soft mass applied
to a part to bring heat and moisture to bear upon it. Poul-
tices can be made of ground flaxseed, of slippery-elm bark,
of arrowroot, starch, bread and milk, potatoes, turnips, etc.
To make a flaxseed poultice, scald a spoon and a tin basin,
put the flaxseed into the dry hot basin, and pour upon it
boiling water in sufficient quantity to form a thick paste.
The proper consistence is found when the mass would stick
if it were thrown against a wall. It is now spread to the
thickness of a quarter of an inch upon a piece of warm
muslin, a free edge being left all around, the edges of the
muslin are turned in, and the flaxseed is covered with a bit
of gauze to prevent adhesion to the skin. The poultice
should be placed upon the part and be covered outside with
oiled silk, a rubber-dam, or waxed paper. A mass of cotton
is applied outside of the rubber and the poultice is held in
place by a bandage or binder. It can be kept very warm
for a considerable period by placing upon it a bag filled with
hot water. If the hot-water bag is not employed, a poultice
should be changed every two hours. Spongiopilin, when
moistened with hot water, is a good substitute poultice.
Lint soaked with hot water and covered with some im-
permeable material does very well. The fermented poultice,
which was once popular for gangrenous ulcers, was made
by sprinkling yeast upon an ordinary cataplasm. The char-
coal poultice is made by stirring charcoal into the usual
poultice-mass. A poultice containing opium is known as a
‘“sedative ” poultice. About gr. ij of opium to the ounce of
poultice-mass relieves pain. An antiseptic poultice is made
by partly wringing out gauze in a hot solution of corrosive
sublimate (1 : 1000), covering it with oiled silk, and placing
a hot-water bag upon it to maintain the heat. The antisep-
tic poultice or fomentation is of great service in removing
sloughs from foul wounds and ulcers. It is the only form
of poultice which is admissible when the skin is broken.
Poultices must not be kept on too long, as they will cause
vesication, especially in adynamic conditions. If a poultice
is causing vesication, remove it or sprinkle it with pow-
dered oxid of zinc. If suppuration exists or is seriously
threatened, do not waste time by using poultices, but incise
at once. If suppuration is seriously threatened, incision may
prevent it by relieving tension, affording drainage, and per-
mitting of the local use of antiseptics. If pus exists, it can-
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not be evacuated too soon. To use poultices and delay in-
cision is often productive of irreparable harm. After incision
of a purulent focus it is often useful to apply an antiseptic
fomentation. If it seems probable thatan operation willbecome
necessary on an area of inflammation, we can use an anti-
septic fomentation, but never an ordinary poultice. The ordi-
nary poultice is a vegetable material which adheres to the
skin, enters the mouths of glands and follicles, and under-
goes decay. It is impossible to cleanse a part thoroughly
immediately after it has been poulticed with flaxseed.

Water-bath.—The continuous hot bath is now rarely em-
ployed except in burns and cases of phagedena, when it often
proves curative. In these cases an antiseptic agent may be
dissolved in the water. Continuous immersion in a warm
bath is regarded favorably by some surgeons for the treat-
ment of slouging wounds and large purulent areas. The
immersion of a part from time to time in water as hot as can
be tolerated is useful in fully developed and in chronic inflam-
mation. Such immersion benefits an inflamed joint, lessen-
ing the pain, swelling, and stiffness.

Dry heat is applied by a metallic object dipped in hot
water and laid upon the part; by Leiter’s tubes, through
which hot water flows ; by the hot-water bag or by the hot-
air apparatus. Some surgeons use the hot-water bag in cases
of mild appendicitis, in order to favor the formation of adhe-
sions. The hot-water bag is often soothing and beneficial
when laid upon an inflamed joint, or on the perineum or the
hypogastric region in cystitis. A bag of hot sand, a hot
brick, or a bottle or can of hot water can be used instead of
the bag. The hot-air apparatus is of very great service in
the treatment of inflamed joints.

Treatment when Suppuration is Threatened—When sup-
puration is threatened, ordinary hot fomentations or anti-
septic fomentations must be used, and the part must be kept
at rest. As previously explained, the flaxseed poultice is
inadmissible. When suppuration is threatened the use of
heat causes the collection of multitudes of leukocytes, which
tend to limit the area of infection and destroy bacteria. Even
when suppuration is not prevented heat aids in the rapid
breaking down of the tissue at the focus of the inflammation
and causes hordes of leukocytes to gather and encompass
the suppurating tissue, and these leukocytes prevent the
spread of the infection.

In most cases, when suppuration is obviously inevitable or
seriously threatened, a free incision will be of greatest benefit.
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Irritants and Counterivvitants in Inflammation— Irritants
attract an increased supply of blood to the part whereon
they are applied, and are used for their local effects.
Countertrritants are used to affect by reflex influence some
distant part. In chronic inflammation irritants may do good
by promoting the blood-supply, thus favoring the removal
of exudates (liniment in rheumatism and synovitis, and
nitrate of silver in ulcers). Counterirritants are powerful
pain-relievers when used over an inflamed structure; they
bring blood to the surface and are thought by many writers
to cause anemia of internal parts, the site and area of anemia
depending on the site, the area, and the duration of the sur-
face-irritation. Nancrede dissents from the statement that
counterirritants cause anemia of internal parts; and he main-
tains that they irritate deeper parts and cause more external
blood to be taken to them. He claims that a blister applied
to the chest produces a hyperemic area in the pleura.
Nancrede, in his work upon the Principles of Surgery, refers
to Furneaux Jordan’s opinion that direct irritation to the sur-
face over a joint adds to synovial hyperemia, and that con-
sequently in joint-inflammation counterirritants should be
applied above and below a joint, but not directly over it.
As a matter of fact, we know clinically that powerful
counterirritation directly over an inflamed superficial joint
is occasionally followed by an aggravation of the trouble,
and that in pericarditis blistering directly over the pericar-
dium may, as pointed out by Brunton, make the condition
worse. Counterirritants not only relieve pain in the earlier
stages of inflammation, but they also promote absorption of
exudate in the later stages, and are particularly valuable in
chronic inflammations. Great benefit is obtained by blister-
ing old thickened ulcers, and by painting the chest with
iodin to relieve pleuritic effusion. Frictions, besides their
pressure-effects, act as counterirritants. Frictions may re-
lieve skin-pain, and are associated with the application of
stimulating liniments in the treatment of stiff joints. A
mustard plaster is a valuable counterirritant in an acute
deeply-seated inflammation. Tincture of iodin is extensively
used in chronic inflammation.

There is no more efficient method of relieving pleural
effusion than by the application of a succession of blisters.
Blisters are also used in the treatment of inflamed joints,
pericarditis, pneumonic consolidation of the lung, acute and
chronic rheumatism, etc.; and are applied back of the ears
or at the nape of the neck in congestive coma or meningits.
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A blister can be produced in a few minutes by soaking a bit
of lint in chloroform, and after applying it to the surface,
covering it with oiled silk, and then with a watch-glass.
Equal parts of lard and ammonia will blister in five minutes.
It is easier to blister with cantharidal collodion or blistering-
paper. Before applying a blister, shave the part if it be
hairy ; then grease the plaster with olive oil and apply it.
Blistering plaster is left in place six hours in the case of an
adult, but only two hours in the case of an old person or a
child; the plaster is then removed, and if a blister has not
formed, the part must be poulticed for a few hours. When
a blister is obtained, open it with a needle which has been
dipped in boiling water. If the surgeon wishes the blister
to heal, it should be covered with a piece of lint smeared
with cosmolin or with zinc ointment. If it is to be kept
open for a time, cut away the stratum corneum and dress
with cosmolin, each ounce of which contains six drops of
nitric acid.

Pustulation can be effected with tartar-emetic ointment
or with Vienna paste. Tartar-emetic ointment was formerly
used on the scalp in meningitis. Vienna paste consists of §
parts of caustic potash and 6 parts of lime made into a paste
with alcohol. It is applied for five minutes, and is then
washed off with vinegar.

The hot iron is the most powerful of counterirritants. It
is chiefly used in chronic inflammation of joints, bone, and the
spinal cord. The application is, of course, very painful, and
it is best to give an anesthetic before using the cautery. A
flat cautery iron may be used, or the round iron. The latter
is known as the button or Corrigan’s cautery. The iron is
used at a white heat. One area or several may be seared.
The cautery is drawn lightly two or three times over each
spot we wish to burn. The object is to destroy only the
superficial layers of the skin. After the cauterization is com-
pleted, lint wet with iced water is applied for several hours to
allay pain, and then hot antiseptic fomentations are used
until the slough separates.

If we wish to prevent healing after separation of the
slough, dress the sore with cosmolin, each ounce of which
contains 6 drops of nitric acid. It is not wise to cauterize
deeply directly over a superficial joint.

Constitutional Treatment of Inflammation.—Certain
remedies are used in inflammation for their gencral or con-
stitutional effects ; these remedies are—(1) general bleeding ;
(2) arterial sedatives; (3) cathartics; (4) diaphoretics; (5) di-
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uretics ; (6) anodynes ; (7) antipyretics ; (8) emetics ; (9) mer-
cury and iodids; (10) stimulants; and (11) tonics.

General bleeding, venesection, or phlcbotomy, is suited to the
early stages of an acute inflammation in a young and robust
subject. The indication for its employment is increased arte-
rial tension, as shown by a strong, full, rapid, and incom-
pressible pulse in a vigorous young patient. General blood-
letting diminishes blood-pressure and increases the speed of
the blood-current, thus amends stasis, absorbs exudate, and
washes adherent corpuscles from the vessel-wall; further-
more, it reduces the whole amount of body-blood and thus
forces a greater rapidity of circulation, decreases the amount
of fibrin and albumin, lowers the temperature, arrests cell-
proliferation, and stops effusion.

This procedure was in former days so highly esteemed
that it settled into a routine formula to be applied to every
condition from yellow fever to dislocation. The terrible
mortality of the cholera epidemics from 1830 to 1835 led
practitioners to question the belief that bleeding was a
general panacea, and from this doubt there was born in the
next generation violent opposition to bloodletting in any
disease. Like most reactions, opposition has gone too far,
the pendulum of condemnation has swung beyond the line
of truth and sense, and thus is universally neglected or
broadly condemned a powerful and valuable resource. Many
physicians of long experience have never seen a person
bled; its performance is not demonstrated in most schools,
and but few patients and families will permit it to be done.
But when properly used it is occasionally beneficial. It is
only applicable, however, to the young, strong, and robust,
and not to the old, weak, or feeble. It is used for violent
acute inflammations of important organs or tissues, and not
for low inflammations or for slight affections of unimportant
parts. Itis used in the early, but not in the late, stages of
an inflammation. It is used when the pulse is frequent, full,
hard, and incompressible, but not when it is slow, small,
soft, compressible, and irregular. It is used when the face
is flushed, but not when it is pallid. It is not used in fat
persons, drunkards, very nervous people, or the sufferers
from adynamic, septic, or epidemic diseases. It is of value
in some few cases of congestion of the lungs, pneumonitis,
pleuritis, meningitis, prostatitis, cystitis, and other acute in-
flammatory conditions. (See Phlebotomy:.)

After bleeding, the patient should be put upon arterial
sedatives, diuretics, diaphoretics, anodynes, and, if necessary,
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purgatives. A favorite mixture of Prof. S. D. Gross was the
antimonial and saline, consisting of gr. xI of Epsom salt,
gr. ¢ of tartar emetic, 2 drops of tincture of aconite, and 3j
of sweet spirits of niter, in enough ginger syrup and water
to make 3ss; given every four hours.

Artcrial sedatives are of great use before stasis is pro-
nounced; but if used after stasis is established they will
increase it. If stasis exists it may be relieved by blood-
letting, local or general, and then arterial sedatives can be
given. Either local bleeding or venesection abolishes stasis
and lowers tension, and arterial sedatives maintain the effect
and hold the ground which is gained. The arterial sedatives
employed are aconite, veratum viride, gelsemium, and tartar
emetic. These sedatives lessen the force and the frequency
of the heart-beats, and thus slow and soften the pulse, and
are suited to a robust person with an acute inflammation, but
are not suited to a weak individual in an adynamic state.

Aconite is given in small doses, never in large amounts,
One drop of the tincture in a little water is given every half
hour until its effect is manifest on the pulse, when it may be
given every two or three hours. Large doses of aconite
produce pronounced depression, and are dangerous. Aco-
nite lowers the temperature, slows the pulse, and produces
diaphoresis.

Veratrum viride is a powerful agent to slow the pulse and
to lower blood-pressure; it produces moisture of the skin,
and often nausea. It is given in 1-drop doses of the tinct-
ure every half hour until its physiological effects are mani-
fested, when the period between doses is extended to two
or three hours. Ten drops of laudanum given a quarter
of an hour before each dose of veratrum viride will prevent
nausea.

Gelsemium is an arterial sedative highly approved by
Bartholow. It is given in doses of 5to 10 drops of the
tincture every three or four hours.

Tartar emetic lowers arterial tension and lessens the pulse-
rate. This drug is not largely employed; if it is used with
the greatest care, it is no better than some other agents, and
if it is not so used it will cause dangerous depression. The
dose is from gr. 4} to gr. {4 in water every three hours until
the physiological effects are manifest.

Cathartics—Purgation is of great value in inflammation.
By it putrid material is removed from the intestine, fluid con-
taining poisonous elements is drawn from the blood, and the
liability to infection of the tissues is lessened. The administra-

7



98 INFLAMMATION.

tion of purgatives is, of course, not to be a routine procedure
in inflammatory states. The bowels may be acting so frecly
that no cathartic is required. Treatment in an inflammation
should be inaugurated, if constipation exists, by giving a cath-
artic. The tongue affords important indications as to the neces-
sity for purgation. Castor oil can be given in capsules, or the
juice of half a lemon is squeezed into a tumbler, 1 ounce of
oil poured in, and the rest of the lemon is squeezed on top,
thus making a not unpalatable mixture. Aloin, podophyl-
lum, the salines, and calomel in 5- or 10-grain doses, followed
by a saline, have their advocates. In peritonitis the salines
are of unquestionable value, a teaspoonful of Epsom salt anda
teaspoonful of Rochelle salt being given hourly until a move-
ment occurs. In the course of inflammation, from time to time,
if there be constipation, a coated tongue, and foulness of the
breath, there should be ordered gr. j of calomel with gr.
xxiv of bicarbonate of sodium, made into twelve powders,
one being given every hour; if the bowels are not moved by
the time the powders are all taken, a saline should be given.
If a violent purgative effect is desired, as in meningitis, croton
oil or elaterium may be ordered. If constipation is persistent,
give fluid extract of cascara sagrada daily (20 to 40 drops),
or a pill at night containing gr. } of extract of belladonna,
gr. } of extract of nux vomica, gr. y5 of aloin, gr. } of
extract of physostigma, and gt. 4 of oil of cajuput. Enemas
or clysters may be used in some cases. A very uscful
enema is composed of f3j of oil of turpentine, f3iss of olive
oil, f3ss of mucilage of acacia, in f3x of water. Soapsuds
and vinegar in equal parts make a serviceable clyster. A
combination of oil of turpentine, castor oil, the yolk of an
egg, and water can be used. Asafetida, gr. xxx to the yolk
of one egg, makes a good enema to amend flatulence.

Diaphoretics are very useful. A profuse sweat removes
much toxic material from the blood and in the beginning of an
acute inflammation, such as tonsillitis, may abort the disease.
Dover's powder is commonly used, but pilocarpin is preferred.
by some. Camphor in doses of from 5 to 10 grains is dia-
phoretic, and so are antimony and ipecac. Acetate and
citrate of ammonium, opium, alcohol, hot drinks, heat to the
surface (baths, hot bricks, hot-water bags), serpentaria, and
guaiac are diaphoretic agents.

Diurctics are uscful in fevers when the urine is scanty and
high-colored, and are valuable aids in removing serous effu-
sions and other exudatcs. Among the diuretics may be men-
tioned calomel in repeated large doses, cocain, caffein,
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alcohol, digitalis, the nitrites, squill, turpentine, copaiba, and
cantharides. The liquor potassa and the acetate of potas-
sium are the best agents to increase the solids in the urine.
The liquor potassii citratis in doses of f3j to f3iv is efficient.
Iarge draughts of water wash out the kidneys. If the heart
is weak, citrate of caffein is a good stimulant diuretic.

Anodynes and hypnotics may be required. Dover’s powder,
besides being diaphoretic, is anodyne. Opium acts well after
bleeding or purgation. If it causes nausea, it should be pre-
ceded one hour by the administration of gr. xxx of bromid
of potassium. Opium is used by the mouth, by the rectum,
or hypodermatically. It is used when there is pain, but its
use is not to be long persisted in if it can be avoided. Itis
given in doses measured purely by the necessities of the
case. If opium disagrees, try the combination of morphin
with atropin. After an operation antipyrin or phenacetin
will often quiet pain and secure sleep. When a person feels
“so tired he can't sleep,” alcohol in the form of whiskey or
brandy must be given. Sleeplessness not due to pain is met
by chloral, trional, the bromids, or sulphonal. Chloral is
dangerous in conditions of weak heart or exhaustion. Bro-
mids must be given in large doses to be efficient. Sulphonal
must be given about four or five hours before sleep is ex-
pected, in doses of from gr. x to gr. xx in hot milk or hot
mint-water. Trional is safe and very satisfactory. It is given
in doses of gr. xv to gr. xxv in hot water.

Antipyretics —Diaphoretics, purgatives, and arterial seda-
tives lower temperature, and have previously been alluded to
(p- 96). There are two great classes of febrifuges—those
which lessen heat-production and those which increase heat-
elimination. In the first group we find quinin, salicylic acid
and the salicylates, kairin, alcohol, antimony, aconite, digitalis,
cupping, and bleeding. In the second group we find alcohol,
nitrous ether, antipyrin, acetanilid, phenacetin, opium, ipecac,
cold to the surface, and cold drinks. In surgical inflammations
it is rarely necessary to employ heroic means to lower tem-
perature. The use of such an agent as antipyrin is contra-
indicated in the weak and adynamic, and it is never to be
thought of as a means of lowering temperature unless the
latter goes above 103° F. Quinin, in doses of gr. xx to gr:
xxx given at 4 P. M., may prevent an evening rise; salol or
salicin can be given during the day. Inunctions of 30
minims of guaiacol lower the temperature in tubercular con-
ditions and in septic fevers. These inunctions are made
upon the abdomen, and often produce surprising results.
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Dujardin-Beaumetz maintained that fever is a condition in
which the organism is endeavoring to oxidize and render
inert certain poisonous material, and that antipyretic drugs
lessen oxidation and actually make the patient worse. This
view is in accordance with the experience of a number of
surgeons. It is a suggestive fact that bacteria are said to
multiply more rapidly when kept at about the normal body
temperature than when kept at fever heat (102° F., or more).
The mere discomfort of fever may be much mitigated by
antipyretic drugs, but the fever-process is not benefited by
them.

Emetics—Emetics may do good when the patient suffers
from a parched, coated tongue, a dry and hot skin, nausea,
and gastric oppression, but it is very rarely in these days
that we employ them. There can be used 3j of alum in
molasses, gr. xx of sulphate of zinc, or a tablespoonful of
mustard and a teaspoonful of salt given in warm water and
followed by large draughts of warm water. Ipecac in a dose
of gr. xx can be employed. The emetic dose of tartar emetic
is gr.ij, but it is too depressant a drug to trifle with. The sul-
phuret of antimony in doses of from 1 to 5 grains is safe.
Apomorphin hypodermatically, in a dose of from gr. {%& to gr.
4, will act in five minutes. Emetics are valuable in inflamma-
tory conditions of the air-passages, but their use is contra-
indicated in diseases of the heart, brain, and bowels, in hernia,
in dislocations, in fractures, and in aneurysmes.

Mercury and the lodids.—Mercury is an alterative—that
is, an agent which favorably affects body-nutrition without
causing any recognizable change in the fluids or the solids
of the body. Mercury lessens blood-plasticity, hinders the
exudation of liquor sanguinis—thus furnishing less food to
the cells in the perivascular tissues—and retards cell-pro-
liferation. Further, by a stimulant action on the absorbents
it promotes the breaking up of an existing inflammatory
exudation, and hence limits damage from excess of new for-
mation. The time at which mercury is best given is when
violent symptoms have abated, the guides being a reduced
temperature and a moist skin. Mercury is often given in
conjunction with the local use of sorbefacients (ichthyol, or
mercurial ointment, when possible, is associated with com-
pression of the inflamed part.) Itis sometimes given until
the gums are slightly touched, but it is not given to the point
of salivation. When the breath becomes offensive and the
gums tender on snapping the teeth, or when griping and
diarrhea begin, the dose should be reduced, or the drug
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should be stopped (see Ptyalism). In iritis mercfry is used
to get rid of the plastic effusion which is causing pupillary
fixation and opacity. In keratitis the gums should be touched
lightly.  In orchitis, after the subsidence of the acute symp-
toms, mercury should be employed. In pericarditis, menin-
gitis, and in many chronic and lingering, and in all syphilitic
inflammations, this drug can be used.

Some persons will be salivated with very minute doses of
mercury, either because of idiosyncrasy or previous satura-
tion. Others can take enormous doses without any appre-
ciable constitutional effect. The action of mercurials can be
favored by a combination with ipecac or with tartar emetic.

In giving mercury, if a prompt effect is desired, give gr. iij
of calomel every three hours until a metallic taste is noted
in the mouth. If the case is not so urgent, gray powder is
a good combination. Children are given calomel and sugar
or mercury and chalk. Ifit is desired to give the drug for
some time, corrosive sublimate is a suitable form, and small
doses will actually increase the number of red blood-cor-
puscles. Corrosive sublimate is to be given alone or com-
bined only with iodid of potassium. The green iodid of
mercury is a drug suitable for prolonged administration. In
the prolonged use of mercury it will often be necessary to
give at the same time a little opium to prevent diarrhea and
griping. A rapid effect can be obtained by rubbing daily
with a gloved hand 3j of the oleate of mercury or 3ss of
the ointment into the groins, the axille, or the inside of the
thighs. Suppositories of mercurial ointment induce rapid
ptyalism. Hypodermatic injections of corrosive sublimate
or gray oil may be used, and must be thrown deeply into
the muscles of the buttock or back. Old people, those
who are exhausted, anemic, and broken down, and the
tubercular bear mercury badly. If it be given to them at
all, it must only be in small amounts and for a brief time.

Alkaline todids are useful in removing the products of
inflammation ; they can be given for a long time, and admir-
ably supplement mercurials. Iodid of potassium can be pre-
scribed in combination with corrosive sublimate as follows:

B. Hydrarg. chlor. corros., grij;
Potass. iodidi, %v et Bj;
Syr. sarsaparille comp., q. s. ad { 3viij.—M.

Sig. f3ij, in water, after meals.

Todid of potassium, well diluted, is given on a full stom-
ach; it is never given concentrated or before meals. A
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convenient mode of administration is to procure a concen-
trated solution of the iodid of potassium, remembering that
every drop equals gr. j of the drug, and give as many
drops as may be desired in half a glass of water after meals.
If the medicine disagrees, add to each dose, after it is put in
water, 3j of the aromatic spirit of ammonia. Extract of lic-
orice is a good vehicle for the iodid. If the mixture in water
disagrees, the drug should be given in milk. Capsules are
satisfactory, but a drink of water should be taken just before
and again just after taking a capsule, to protect the stomach
from the concentrated drug. Iodid of sodium may agree
when iodid of potassium does not. When the iodids dis-
agree they produce iodism.  The first indications of iodism
are a bad taste in the mouth, running of the eyes and nose,
and sneezing, followed by a feeling of exhaustion, absolute
loss of appetite, nausea, tremor, and skin-eruptions (acne,
hemorrhages, blebs, hydroa, etc). If iodism occurs, stop
the drug and give the patient Fowler’s solution in increas-
ing doses, laxatives, diuretic waters, and also nutritious food,
and stimulants if depression is great. Sometimes belladonna
does good in obstinate cutaneous disorders induced by the
iodids.

Remedies Directed Against Special Morbid States—If in-
flammation is associated with rheumatism, gout, scurvy,
syphilis, tuberculosis, or any other constitutional disease or
predisposition, appropriate treatment should be instituted to
control the diseasc or combat the predisposition, and at the
samc time the area of inflammation must be locally treated.
Syphilis is treated by the internal use of mercury and in
some cases the iodids are also given; scurvy, by vegetable
juices and potash salts; rheumatism, by the alkalies or sali-
cylates; gout, by colchicum or piperazin; tuberculosis, by
the fats, tonics, and an open-air life.

The use of alcoholic stimulants is called for by conditions
rather than by diseases, being indicated by the state of
the patient rather than by the name of the malady. For
a brief acute inflammation in a robust young person alcohol
is not needed ; but all who are weak or exhausted, be they
young or old, all who are aged, those who are accustomed
to alcoholic beverages, those who have high temperatures or
failure of circulation, and those who labor under septic in-
flammations or adynamic processes—require alcohol, and it
should be given with a free hand.  In an acute malady, a feeble,
compressible, rapid, or irregular pulse, and great weakness
of the first sound of the hcart are indications that alcohol is



TREATMENT. 103

required. Low, muttering delirium is a strong indication for
stimulation. There is no dose of alcohol for these states; it is
given for its effect. Two ounces of brandy or whiskey may
be needed in a day, or perhaps twenty ounces. If the breath
of the patient smells strongly of the alcohol, he is getting
too much. If delirium increases after each dose, alcohol is
doing harm. Alcohol is contraindicated in acute meningitis.
In acute illness use whiskey, brandy, champagne, or alcohol
and water. During convalescence there may be used a
little spirit, port, claret, or sherry wine, or malt liquor.
These agents will promote appetite, digestion, and sleep.

Strychnin is a very valuable stimulant. It can be given
in doses of gr. 4; to gr. J; three times a day.

Tonics are indicated during convalescence from acute and
throughout the course of chronic inflammations. There may
be used iron, quinin, and strychnin in the form of elixir;
iron alone, as in the tincture of the chlorid; quinin in tonic
doses (gr. vj to gr. viij daily) ; or Fowler's solution of arsenic.
An excellent pill consists of—

B. Acid, arsenos., er.j;
Strychnini, gr. ss;
Quinini, gr. xlviij;
Ferri redact., gr. vj—M.

Ft. in pil. No. xxiv.
Sig. One after each meal.

Bitter tonics before meals improve the appetite. One of the
best of tonics is tincture of nux vomica in gradually increas-
ing doses.

Antiphlogistic regimen is a term comprising the necessary
directions relating to diet, ventilation, cleanliness, etc.

Dict—When, in the early stages of an acute inflammation,
the patient cannot eat, there must be administered a cathartic
before food is given. Nausea is combated with calomel
and soda, drop-doses of a 6 per cent. solution of cocain, iced
champagne, iced brandy, chloroform-water, hot water, cracked
ice, or the application of counterirritation to the epigastric
region. When the process is depressive from the start, and
in any case after the earliest stage, feeding is of vital mo-
ment. The great tissue-waste calls for large quantities of
nutritive material, but the impaired digestion demands that
the food shall be easily assimilable; hence it is taken in-liquid
form, small quantities being frequently given. Milk contains
all the elements required by the body, and is the food of foods.
If it disagrees, it should be boiled and mixed with lime-water,
or to each dose an equal amount of Vichy or soda-water may
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be added. Peptonized milk is a valuable agent. One part
of milk, 2 parts of cream, and 2 parts of lime-water make
a nutritious and digestible mixture. Milk punch is largely
used. Whey may be used when plain milk cannot be taken.
Eggs are highly nutritious, but are apt to disturb the stom-
ach; they may be given as egg-nog, or simply soft-boiled,
or the yolk can be beaten up in a cup of tea. When con-
siderable nausea exists the yolk of an egg may be added to
3j of lemon-juice and 3ij of sugar, the glass being filled with
carbonated water. Beef tea is certainly a stimulant, but its
food-powers are questionable. It is prepared by cutting up
one pound of lean beef, adding to it a quart of water, and
then simmering, but not boiling, down to a pint, finally fil-
tering and skimming the liquid. The dose is a wineglassful
seasoned to taste. Meat-juice, obtained by squeezing partly
cooked meat with a lemon-squeezer, is extremely nutritious.
Liquid-beef peptonoids are both agreeable and nutritious;
they are given in doses of 3ss to 3j. Clam-juice is palatable
and digestible. When nothing else will stay on the stomach
koumiss will often be retained. This fermented milk is
nutritious, stimulant, and very useful. Coffee is a valuable
stimulant in febrile conditions. If the stomach retains no
food, the patient must be fed entirely by the rectum. If the
stomach rejects most of the food swallowed, mouth-feeding
must be supplemented by nutritive rectal enemata. When
the sufferer feels able to eat a little, any good soup, strained
and skimmed, should be ordered. As the patient gets
better he may be fed on sweetbreads, chops, oysters, etc.,
until he gradually reaches ordinary diet.

The temperature should be taken at regular intervals, and
the condition of the gastro-intestinal tract should be observed.
The wurine must be examined at intervals, and the daily
amount passed must be known. If insufficient urine is being
passed, increase the amount of fluid, particularly of water,
given by the mouth. If the urine is scanty and the patient
is nauseated by drinking water, give enemata of hot saline
fluid or employ hypodermoclysis. The pulsc and heart must
be frequently observed, and cardiac weakness must be com-
bated by suitable stimulants.

Ventilation and Cleanliness.—The ventilation of the apart-
ment is of the greatest importance. Every day the windows
should be opened widely for a time, the patient, of course,
being protected. \When the windows are open the air of a
room can be quickly changed by swinging the door to and
fro. A constant access of fresh air must be secured, and
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the temperature kept as near as possible to 68° F. The sick
man must be cleaned and be sponged off with alcohol and
water every day if high fever exists. It is important that the
bed-clothing be clean and that the sheet be unwrinkled, as
otherwise bed-sores may form.

IV. REPAIR.

When a tissue is damaged, it reacts to the injury and
Nature attempts to effect repair. It is held by many that
inflammation is a destructive process and repair is a con-
structive process; that repair is constantly effected in an
aseptic wound without many of the evidences of inflamma-
tion; that repair does not proceed from inflammation, but is
retarded or prevented if inflammation occurs. As before
stated, we agree with Adami, that inflammation is reaction
to injury and the effort of Nature to repair the injury. As
Adami points out, the attempt to repair may fail, the reaction
to injury being excessive or not powerful enough; but even
should the attempt fail the conservative intention exists.
“What is the development of cicatricial tissue but an attempt
at repair? What other meaning can be ascribed to the in-
creased bactericidal power of the inflammatory exudate as
compared with that of ordinary lymph and blood-serum ?
Why do leukocytes accumulate in a region of injury ? Why
do some of them incorporate bacteria and irritant particles,
and others bring about the destruction of these without
necessarily ingesting them? All these are means whereby
irritants are antagonized or removed, and reparation and
return to the normal sought after.”’

Healing by First Intention.—A wound may heal by
“first intention.” This mode of healing, which is known
as “primary union,” occurs without suppuration, and is
observed in the healing of an aseptic wound. If infection
occurs, primary union will not take place. The phrase “ by
first intention” comes down to us from the past. It was
properly thought that Nature intends to repair a wound, and
first intention signifies the first or most desirable way to be
wished for. In a small aseptic incision, in which no con-
siderable vessels are cut, repair will take place very rapidly
after the edges have been approximated and the wound
dressed. In fact, the wound-edges may be firmly held
together in twenty-four hours. In such a wound a small
amount of blood flows from the capillaries between the

V Adami, in Allbutt's System of Medicine.
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edges of the wound, and this blood clots. A trivial amount
of exudation and some few migrated corpuscles pass into the
clot and into the tissues. The fixed connective-tissue cells
and the endothelial cells of the vessels multiply, and form
epithelioid cells, known as fibroblasts. The fibroblasts multi-
ply, so that the new cells from one side of the wound finally
interlace with the new cells from the other side. These fibro-
blasts eat up many of the leukocytes. Near-by capillaries
become irregular in outline ; at certain points bulging occurs,
and at these points new capillaries develop, extend into the
mass of fibroblasts, and join new capillaries of the opposite
side. The reparative material is now said to be organized ;
it has become granulation-tissue. The fibroblasts become
spindle-shaped and develop into interlacing fibers (Fig. 31).
The tissue is now fibrous tissue; it contracts strongly, and
finally most of the capillaries are obliterated by pressure. In
such a slight wound the reaction to injury is chiefly noted in
the cells of the part, and the vessels and leukocytes play but
a small part in repair. The exudation is so scanty that there
is practically no swelling unless some arises from venous
obstruction. The vessels are so slightly affected that there
is no redness. The final step in healing is contraction
of the fibrous tissue and the cov-
ering of the surface with epithe-
lium, which springs from the
epithelial cells upon the edges.
This final process is called * cica-
trization,” and consists in contrac-
tion of the wound and skimming
over with epithelium. The “im-
Vol mediate union” of some writers

Fic. 3""&"(‘.,":,.':.‘,‘3‘,’,'“‘ into fibers  hever occurs. This term means
the union of microscopical parts

to their counterparts without any effort at repair. A first
union is effected always by clotted blood and coagulated
exudate, next by proliferating cells, and finally by fibrous
tissue. A wound healing by first intention exhibits no evi-
dence of inflammation. There is some slight tenderness, but
no actual pain. A certain amount of swelling arises because
of exudation of fluid from the blood, and the coagulation of
this fluid makes the wound-edges hard. Venous obstruc-
tion leads in some cases to a considerable fluid swelling.
In a more extensive incised wound many vessels are cut.
After oozing ccases the vessels are closed by clots con-
tinuous with the clot between the sides of the wound. An

o
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Fic. 32.

FiG. 34.
Fics. 33-33.—Healing by first intention (after Pick) : a, skin; &, fibroblasts; ¢, 4, ¢,

capillaries. F1G. 32. Clot in the vessels continuous with clot between the cdges of the
wound.  F16. 33, "Migration of leukocytes into the perivascular tissues and into the clot
between the edges of the wound.  Fi. 34, Formation of new capillarics.

exudation of plasma from the vessels and of lymph from
the lymph-spaces takes place. Leukocytes in great num-
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bers invade the wound-edges and the exudate, and the exu-
date clots. This mass of blood-clot, plasma-clot, and
leukocytes used to be known as “ coagulable lymph.” The
leukocytes actively eat up the clot, and by the end of the
third day occupy the space formerly occupied by the clot.
The fixed connective-tissue cells and endothelial cells multi-
ply, and grow into the mass of leukocytes, eating up many
of the leukocytes, and finally join the fibroblasts of the other
side of the wound. Some leukocytes proliferate, others get
back into the lymph-spaces. New capillaries form from the
capillaries at the wound-margins. By the end of the first
week the fibroblasts begin to assume various outlines, send-
ing out poles or branches or becoming spindle-shaped.
These spindle-shaped cells become fibers, and the fibers of
the new tissue interlace and strongly contract. Thus the
edges are pulled firmly together. Finally new epithelium
derived from epithelium at the edges forms and grows over
the wound (Figs. 32-34), and exhibits the stages of repair
in healing by first intention. During the first twenty-four
hours after a large wound begins to heal by first intention
the discharge of bloody serum is most plentiful, but
after this period it becomes very scanty and soon ceases
entirely, and can be much diminished in quantity in the first
day by the application of pressure. Warren says that after
a hip-joint amputation over a pint of bloody serum flows out
during the first twenty-four hours. In a large wound
special methods to secure drainage are required. In a small
wound drainage is obtained between the stitches. The use
of irritant germicides in a wound greatly increases the
amount of discharge and renders drainage necessary in even
a comparatively small wound for the first twenty-four hours.
In an aseptic wound, as a rule, one-half of the stitches are
removed on the fifth or sixth day and the remainder on the
eighth day, but for two weceks more the wound should be
rested and supported, as the new tissue is not very resistant
to infection. Aseptic fever always arises when much exuda-
tion is given out and not quickly and perfectly drained.
Aseptic fever is due to the absorption of aseptic pyrogenous
material (p. 115). If an inciscd wound becomes infected,
the pyogenic organisms destroy the bond of union which
is forming between the wound-edges by liquefying the inter-
cellular substance. As a consequence the wound-edges are
widely separated by pus.

What used to be known as *healing by blood-clot” is
healing by first intention. If there is a considerable gap
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between the edges of an aseptic wound, and the gap is filled
with a blood-clot, healing goes on in the same manner as
when the gap is narrow, although more corpuscles, more exu-
date, and more fibroblasts are required to effect repair.
Healing by Second Intention.—Healing of a wound
in which there is a large cavity in the tissue or in which the
edges have gaped apart is known as healing by granulation
or healing by “ second intention.” It is effected in the same
manner as healing by * first intention,” the processes in the
two cases being practically identical. As a matter of fact,
in healing by granulation there is usually wound-infection.
As a result of infection intercellular substance is peptonized,
many reparative cells are cast off, and repair can be effected
only after the formation of enormous numbers of fibroblasts
and the expenditure of considerable time." It requires much
longer for an infected wound to heal than for an incised
wound to be repaired, and an infected wound can heal

F1G. 35.—Development of a blood-vessel in mesentery of an embryo (Warren).

only by granulation. After the infliction of a wound the
oozing ceases because thrombi form in the vessels and some
clot gathers in tissue-gaps and interstices. Exudation begins
and leukocytes migrate into the exudate and into the walls
of the wound. In an hour or two the surface of the wound
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leukocytes, and directly under these are the new vascular
strings or loops. Vascular strings or loops covered with
white corpuscles are called granulations (Fig. 37 shows a
granulating surface). When the discharge becomes puru-
Ient, many leukocytes and fibroblasts are destroyed, inflam-
mation increases, exudation becomes profuse, and cellular
multiplication widespread and rapid in order to make up for
the cells lost by microbic action. Gradually the gap is filled.
As it is being filled the older fibroblasts in the decper layers
of the edges and base of the wound are converted into cica-
tricial, fibrous, or scar tissue. As the granulations rise to a
higher level at the surface the area of fibrous tissue becomes
broader at the base and margins, and this young fibrous tissue
contracts. By contracting it draws the edges of the wound
nearer together and thus lessens the area of the surface which
must be covered with epithelium. When the granulations
reach the level of the cutaneous surface the epithelial cells
at the margin of the wound proliferate, and young epithelial
cells, constituting a bluish or opalescent film, grow over the
granulations.  Epithelium comes only from epithelium.
Granulations are never converted into epithelium. The
epithelial covering comes only from the epithelium at the
wound-margins, unless there be epithelial remains in the
wound ; for instance, an undestroyed papilla, sweat-duct, or
hair-follicle. The process of covering the surface with
epithelium is known as epidermization. Before, during, and
for a time after epidermization the fibrous tissue of the
walls and base of the wound contracts. Thus the wound-
margins are pulled and held nearer together, the gap
to be bridged is diminished in size, the danger of tearing
apart of the epithelial coat is lessened, many capillaries
are destroyed by pressure, and the scar becomes firm, white,
and puckered. Cicatrization consists in the covering of the
granulations with epithelium and also in the contraction
of the new fibrous tissue. If infection is severe, destructioh
will exceed repair and healing will not occur. Insucha
case there is coagulation-necrosis of granulation-tissue, and
the wound becomes covered with tissue-remains (aplastic
lymph). If granulations rise above the cutancous level,
healing will not take place, because the epithelium cannot
grow over the surface. A wound in this condition is said
to possess exuberant granulations, or ‘“proud flesh”” In
some cases the granulations are pale from insufficient blood-
supply, and in others edematous from venous congestion.
Contraction of the fibrous tissue may be insufficicnt because
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there is adhesion to deep unyielding fascia or to perios-
teum. Excessive contraction, so often seen after burns,
often produces terrible deformity. The scars or cicatrices
of burns contain much elastic tissue. Infected wounds and
ulcers heal by second intention.

Healing by Third Intention.—This consists in the
union of two granulating surfaces, the granulations of one
side fusing with the granulations of the other side. Itis
seen in the union of collapsed abscess-walls. The surgeon
occasionally seeks to obtain union by third intention by
approximating two granulating surfaces. If the surfaces are
ascptic, he will often succeed. The process is known as
“secondary suturing.” Itis not unusual to pack a wound
with iodoform gauze to control oozing. When this is done
it is customary to pass the sutures, but not to tie them.
After a few days the gauze is removed and the sutures are
tied. This plan renders healing much more rapid than
could be obtained by the process of second intention.

Healing of Subcutaneous Wounds.—Blood fills the
tissue-gap and the blood clots. Plasma exudes and cor-
puscles migrate into the clot and the tissue about it.
The clot is eaten up by the leukocytes. The connective-
tissue cells and the endothelial cells of the adjacent tissue
proliferate and form fibroblasts, and fibroblasts multiply and
replace the clot. The area of fibroblasts is vascularized by
the formation of new capillaries, and fibrous tissue forms and
strongly contracts.

Healing of Wounds in Non-vascular Tissues.—In
a trivial wound of the cornea a few leukocytes gather from
the lymph-spaces and a few of the fixed cells proliferate. In
a more severe wound the episcleral vessels dilate, plasma
and corpuscles pass into the corneal lymph-spaces, and
repair is effected as in vascular tissue.

Repair in cartilage takes place as in the cornea. In both
structures any marked injury is repaired by fibrous tissue,
and the scar is permanent.

Cell-division.—The multiplication of connective-tissue
cells in repair may be by direct, but is usually by indirect,
cell-division. Direct cell-division consists in division of the
nucleus followed by division of the entire cell.

Indirect cell-division, or karyokinesis, takes place after
remarkable changes in the nucleus. The membrane of the
nucleus disappears ; the nuclear network becomes first close
and then more open; and the cells become round, if not so
before. The network of the nucleus, now consisting of one
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long fiber, takes the shape of a rosette; next it takes a star-
form—the aster stage ; two sets of V’s next form—the equa-
torial stage; an equatorial line appears and widens, and each
set of V's retreats toward a pole. Thus two new nuclei are
formed, each polar V passing in inverse ordef through the
previous changes of shape, and the protoplasm of the orig-
inal cell collecting about each nucleus (Fig. 38).

Repair of Nerve.—Divided nerve, when the ends are
approximated, can regenerate. The ends become united by
new connective tissue; this new tissue is a bridge for nerve-
cells, and nerve gradually forms in it by the growth of cells
from both the central and distal ends, the cells finally meet-

F1:. 38.—Forms assumed by a nucleus dividing (Green, from Flemming).

ing. The fibrous tissue is not converted into nervous tissue.
If the ends are not approximated, they join by fibrous tissue,
the distal end atrophies, the proximal end becomes bulbous,
and nerve-cells do not grow into the fibrous tissue or join
the ends of the nerve. The above view is entertained by
Mayer and Eichhorst. Waller holds that repair is effected
by the central end alone. If a nerve has been divided, it
should be sutured.

Repair of Muscle.—When a muscle is divided, the
ends retract and a considerable space is left between them.
Blood flows into the space between the ends and also
between individual fibers of the injured muscle, and the blood
clots. Exudation of plasma occurs and migration of cor-
puscles takes place. Fibroblasts are formed, granulation-
tissue is formed by vascularization of the mass of fibroblasts,
and granulation-tissue is converted into scar-tissue, but
not into muscle. After slight injuries muscular regenera-
tion does occur to some slight extent, either from the

'8
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multiplication of living muscle-cells or by metamorphosis of
fibrous tissue. If a muscle has been divided, it should be
sutured. This process insures more rapid repair and secures
a better functional result, and is probably followed by some
muscuiar regeneration.

Repair of Tendon.—When a tendon is divided the
ends retract, and the sheath, as a rule, becomes filled with
blood-clot. The blood-clot is rapidly removed, fibroblasts
replacing it. This new tissue arises from the sheath, and
the cut ends do not participate in the process. Granulation-
tissue is formed; this is converted into fibrous tissue, and
after a time the fibrous tissue becomes true tendon. If no
blood-clot forms in the sheath, the walls of this structure
collapse and adhere, and the separated tendon-ends are held
together by a flat fibrous band formed from the collapsed
sheath (Warren’s Surgical Pathology).

Repair of Bone.—When a bonc is broken, a large
blood-clot forms in the medullary canal, between the
broken c¢nds, below and outside of the periosteum. Masses
of new cells are formed. Granulation-tissue replaces the
blood-clot as the clot is removed by leukocytes. Granu-
lation-tissue becomes fibrous tissue, and the fibrous tissue
in many places becomes cartilaginous. In the second week
lime-salts begin to deposit and bone forms.

Repair of Blood-vessels.—If an artery is cut across
and ligated, a clot forms within its lumen and about its
divided end. The internal clot reaches up to the first col-
lateral branch. Exudation of plasma and migration of cor-
puscles take place from the vasa vasorum. The clot becomes
filled with leukocytes, which gradually destroy it. Fibro-
blasts form, the clot is replaced by granulation-tissue, granu-
lation-tissue by fibrous tissuc, the fibrous tissue contracts,
and the artery is converted into a fibrous cord. A divided
vein heals in the same manner, except that the internal clot
may not rcach the first collateral branch or may extend far
above it.

Repair of Skin.—The fibrous structure is repaired by
fibrous tissue. Hair-follicles, sweat-glands, and sebaceous
glands are not reformed. The epithelial layer is regenerated
by the proliferation of adjacent epithelial cells.




TRAUMATIC FEVERS. 115

V. SURGICAL FEVERS.

The surgeon encounters fever as a result of an inflamma-
tion or an aseptic wound, in consequence of infection, and in
certain maladies of the nervous system. It is important to
remember that, while elevated temperature is generally taken
as a gauge of the intensity of fever, it is not a certain index.
There may be fever with subnormal temperature (as in the
collapse of typhoid or pneumonia), and there may be elevated
temperature without true fever (as in certain diseases of the
nervous system). It is true, however, that elevation of tem-
perature is almost always noted, and is usually accepted as
the measure of the height of fever.

The essential phenomena of fever, according to Maclagan,
are—(1) wasting of nitrogenous tissue; (2) increased con-
sumption of water; (3) increased elimination of urea; (4)
increased rapidity of circulation; and (5) preternatural heat.

Traumatic fevers follow a traumatism and attend the
healing or infection of a wound. The forms are—(1) benign
traumatic fever; (2) malignant traumatic fever.

Benign traumatic fever is divided into two classes—the
aseptic and the septic. There is but one form of aseptic
fever, the post-operation rise. The septic benign fevers are
surgical fever and suppurative fever. The malignant trau-
matic fevers are sapremia, scptic infection, and pyemia. In
this section we discuss only the benign fevers.

Aseptic fever often, but not always, appears after a thor-
oughly aseptic operation and after a simple fracture or a con-
tusion. It is not preceded by a chill, by chilliness, or by a
feeling of illness. It may appear during the evening of the
day of operation or not until the next day, and reaches its
highest point by the evening of the second day (100° to
103° F.). This elevation is spoken of as the  post-operation
rise.” Besides the fever there are no obvious symptoms;
the patient feels well, sleeps well, and often wants to sit up;
there are no rigors and there is no delirium. The wound is
free from pain and appears entirely normal. Blood examina-
tion shows leukocytosis. This fever is due to absorption of
pyrogenous material from the wound-area, the material being
obtained from clot or inflammatory exudate, or from both.
Many observers believe that the pyrogenous element is
fibrin-ferment, which is absorbed from disintegrating blood-
clot and coagulating exudate. Warren thinks the fever is due
to fibrin-ferment, and *‘also to other substances slightly
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altered from their original composition during life.”” Some
have asserted that the fever is due to nervous shock.

Schnitzler and Ewald have recently studied aseptic fever.!
These observers maintain that aseptic fever can exist when
no fibrin-ferment is free in the blood, that fibrin-ferment can
be free in the blood when there is no fever, and, in conse-
quence, that fibrin-ferment is not the cause of the elevation
of temperature. They rule out of consideration nervous
shock as a cause, and assert that a combination of several
factors is responsible, nucleins and albumoses which are set
free by traumatism being looked upon as the most active
causative agents. The presence of nuclein in the blood in
aseptic fever is indicated by leukocytosis and by the increase
of the alloxur bodies (including uric acid) in the urine. The
capacity of nucleins and albumoses to cause fever is greater
in the tubercular than in the non-tubercular. The diagnosis
of aseptic traumatic fever is only made after a careful exami-
nation has assured the surgeon there is no obscure or hidden
area of infection.

In some cases aseptic fever may appear after an opera-
tion, and later be replaced by a septic fever. If the tempera-
ture remains high after a few days, if other symptoms appear,
or if after the temperature becomes normal it again rises, the
wound should be examined at once, as trouble almost cer-
tainly exists.

Traumatic or surgical fever is seen as a result of infected
wounds where there is decided inflammation, but no pus. The
real cause is the presence of fermentative bacteria in the wound
and the absorption of their toxic products. The most active
and commonly present organisms are those of putrefaction.
Surgical fever ceases as soon as free discharge occurs, and
the appearance of such a fever is an indication for instant drain-
age. The condition is ushered in two or three days after the
operation by chilly sensations and general discomfort. The
temperature rises pretty sharply, ascends with evening exacer-
bations and morning remissions, and reaches its height about
the third or fourth day, when suppuration sets in; the tem-
perature begins to drop when pus forms, if the pus has free
exit, and reaches normal at the end of a week (see Suppurative
Fever). The temperature may reach 104° F. or more, but
rarely rises above 103° F. The patient has the general phe-
nomena of fever: Thirst, anorexia, nausea, dry and coated
tongue, constipation, pain in the back and legs, and headache.

Y See Archiv fiir klinische Medicin, Bd. liii., H, 3, 1896; also statement of
their views in Medical Record, Dec. 19, 1896.
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The urine is scanty and high colored. Blood examination
shows leukocytosis. The wound is painful, tender, swollen,
discolored, and often foul, and stitch-abscesses may form.
Some or all of the stitches must be cut, and the area should
be asepticized, and packed with iodoform gauze or drained
by a tube. The fact that this fever is apt to cease when
suppuration begins led the older surgeons to hope for pus
and to endeavor to cause it to form. A severe grade of
surgical fever, such as arises when there is putrefaction in a
large and ill-drained wound, is known as sapremia (p. 174).

Suppurative Fever—This fever, which is due to the ab-
sorption of the toxins of pyogenic organisms, occurs after
suppuration has begun, is found when the pus has not free
exit, and is an intoxication rather than an infection. It can
follow or be associated with surgical fever, or may arise in
cases in which surgical fever has not existed. Suppuration
in a wound is indicated by a rapid rise of temperature—pos-
sibly by a chill. The fever rises to a considerable height, it
shows morning remissions and evening exacerbations, and
as the temperature begins to fall toward morning sweating
occurs. The patient is much exhausted and presents the phe-
nomena of fever previously described. The skin about the
wound becomes swollen, dusky in color, and edematous,
pain becomes pulsatile, and much tenderness develops.
Blood examination shows leukocytosis. The wound must
at once be drained and asepticized. In a chronic suppura-
tion, such as occurs in the mixed infection of a tubercular
area, there exists a fever with marked morning remissions
and vesperal exacerbations, attended with drenching night-
sweats, emaciation, diarrhea, and exhaustion. This is known
as “ hectic fever;” it is really a chronic suppurative fever. The
treatment of hectic fever consists in the drainage and disin-
fection, if possible, the excision of the infected area, the em-
ployment of a nutritious diet, stimulants, tonics, remedies for
the exhausting sweats, and free access of fresh air.

Other Forms of Fever.—Fever of Tension.—When
there is great tension upon the stitches the spots where the
stitches perforate ulcerate and some fever arises. To relieve
the fever of tension cut one or several stitches. This fever
is in some cases surgical, and in some suppurative, according
as to whether the infective organisms cause fermentation or
suppuration.

Fever of Iodoform Absorption (see p. 29).

Malaria.—It is wise to examine the blood in supposed
septic fevers, for only by this means can malaria be excluded.
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It is more common to mistake sepsis for malaria than malaria
for sepsis.

Surgical Scarlet Fever.—It is maintained by some writers
(notably Victor Horsley and Sir James Paget) that a child is
rendered especially susceptible to scarlet fever by the shock
of a surgical operation. Scarlet fever which develops after
an operation is spoken of as surgical scarlet fever. Warren
quotes Thomas Smith as having had ten cases of scarlet fever
in forty-three operations for lithotomy in children. The
puerperal state is supposed also to predispose to scarlet
fever. Some surgeons hold that an attack of scarlet fever
after an operation is a mere coincidence. Others maintain,
and with great show of reason, that a red scarlatiniform
eruption appearing after an operation rarely indicates genuine
scarlet fever, but usually points to infection, as such eruptions
are known occasionally to arise in septicemia.

Hoffa has discussed this subject elaborately. He con-
cludes that four types of eruption can follow operation: (1)
a vaso-motor disturbance due to irritation of sensory nerves,
and manifested by a transient urticaria or erythema; (2)a
toxic erythema due to absorption of aseptic pyrogenous ma-
terial from the injured area—the absorption of carbolic acid,
iodoform, or corrosive sublimate, or the effect of ether; (3)
an infectious rash which is sometimes found in septicemia or
pyemia, and due to minute emboli composed of bacteria,
which emboli lodge in the capillaries; (4) true scarlet fever,
with the usual symptoms and complications, the organisms
having entecred by way of the wound, and the eruption often
beginning at the wound-edges (quoted in Warren’s Surgical
Pathology).

Urinary Fever and Urethral Fever (see p. 1016).

VI. SUPPURATION AND ABSCESS.

Suppuration is a process in which tissues and inflamma-
tory exudates are liquefied by the action of pyogenic organ-
isms, and it is a common result of microbic inflammation.
The organisms which are responsible are referred to on
page 39. Staphylococci produce local suppuration; strep-
tococci cause spreading suppuration. Pyogenic bacteria
liquefy exudate by peptonizing it. The pyogenic organisms
are very irritant, and when deposited cause inflammation ;
inflammation leads to exudation, but the exudate cannot
coagulate or coagulates but imperfectly, because it is pepto-
nized by the ferment of the micro-organisms. If an area of
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embryonic tissue is invaded by the pyogenic micro-organisms,
it is promptly peptonized. The peptonizing action is upon
the fibrinous elements of an exudate and upon the inter-
cellular substance of embryonic or granulation-tissue. Cells
are separated from intercellular substance, and in conse-
quence degenerate and die. Peptonized exudate or em-
bryonic tissue is called pus. In suppurations induced by
staphylococci a barrier of leukocytes is first formed around
the region of irritation, this barrier is reinforced by fibro-
blasts, and the pus is imprisoned and kept from spreading.
In inflammations induced by streptococci the peptonizing
action of the organisms is so great that no barrier of white
blood-cells or of proliferating connective-tissue cells forms in
time to imprison the micro-organisms; hence the suppura-
tion spreads widely. Suppuration can be induced by the
injection of pyogenic bacteria, by their entry through a
wound, and by rubbing them upon the skin. In some rare
instances, especially when the diet has been putrid, they may
enter through the blood and lodge at a point of least resist-
ance. When a medullary canal suppurates after a chill to
the surface or after a blow that does not cause a wound, we
know that the organisms must have arrived by means of
the blood. Organisms which reach a point of least resistance
through the blood come from some atrium of infection which
may be discoverable or which may not be found. The entry
of pyogenic bacteria does not necessarily cause suppura-
tion, as the healthy human body can destroy a considerable
number, even if given in one *“dose;"” but a large number
in a healthy, or even a small number in an unhealthy,
organism almost certainly leads to pus formation. The pus
of all acute abscesses contains bacteria of suppuration, but
the pus of tubercular abscesses does not, unless there be
a mixed infection ; in other words, pure tubercular pus is not
pus at all.

Can suppuration be induced without micro-organisms? It
is true that the injection of irritants can cause the formation
of a thin fluid which contains no organisms, but is this non-
bacterial pus really pus? The same sort of fluid is formed
by injecting cultures of pus cocci which have been rendered
sterile by heat, the organisms being killed, a ferment con-
tained in the bacterial cells being the active agent. Spu-
rious or ‘“aseptic” pus does not concern us, as it is never
found practically. Impaired health or an area of lowered
vitality predisposes to suppuration. The lymphatic glands,
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medulla of bones, serous membranes, and connective tissue
are especially prone to suppurate.

Pus may form in twenty-four hours after bacteria are
deposited, or it may not form for days. The older surgeons
claimed that pus could do good by protecting granulations
and separating disorganized tissue. It is now held that it is
absolutely harmful by melting down sound tissue and poi-
soning the entire organism. Modern surgery has to a great
degree abolished pus.

If pus stands for a time, it separates into two portions—
(1) a watery portion, the liquor puris or pus-serum, contain-
ing peptone, fat, microbic products, osmazone, and salts, and
not tending to coagulate ; (2) a solid portion, or sediment of
micro-organisms of suppuration, pus-corpuscles (Fig. 39), and

Fi1G. 39 —Fragmentation of nucleus in leukocytes undergoing transformation into pus-
corpuscles (Senn).

broken-down tissue.  The pus-corpuscles are cither white
blood-cells or altered connective-tissue cells,.  Some of them
are dead, some have amcboid movements, some are fatty,
others are granular and contain more than one nucleus, and
all are degencrating. A pus-cell is waste-matter, and it can-
not aid in repair.

Forms of Pus.—/audable or healthy pus, a name long in
vogue, is a contradiction, no pus being healthy. In former
days frce suppuration after an operation was regarded as a
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favorable indication, and when it occurred the surgeon con-
gratulated himself that surgical fever was at an end. At the
present day suppuration after an operation is an evidence of
previous infection, of lack of care, or of infection by the blood.
The so-called laudable pus is seen coming from a healing
ulcer, and is an opaque, yellowish-white or a greenish
fluid of the consistence of cream, without odor or with a
very slight odor if it is not putrid, and having a specific
gravity of about 1.030.

Malignant, watery, or ichorous pus is a thin, watery, putrid
fluid. It is pus filled with the organisms of putrefaction.

Stinking pus may be ichorous. If due to the bacterium
coli commune, it is very foul, but not thin. Pus of this nature
is met with in ischiorectal abscess and appendiceal abscess.

Sanious pus is a form of ichorous pus containing blood
coloring-matter or blood. It is thin, of a reddish color, and
very acrid, corroding the parts that it comes in contact with.
It is found notably in caries and carcinoma.

Concrete or fibrinous pus, which contains flakes of fibrin
or coagulated fibro-purulent masses, is met with in serous
cavities (joints, pleura, etc.). These masses are found in
infective endocarditis. .

Blue pus—The color of blue pus is due to the bacillus
pyocyaneus.

Orange pus is due to the action of sarcina aurantiaca, and
appears in violent inflammations.

Serous pus is a thin serous fluid containing a few flakes.

So-called tubercular, scrofulous, or curdy pus is not pus at
all, unless the tubercular area has undergone pyogenic
infection. )

So-called gummy pus arises from the breaking down of a
gumma which has outgrown its own blood-supply. It is
not pus.

Muco-pus is found in purulent catarrh—that is, in suppura-
tive inflammation of an epithelial structure. It contains pus-
elements and epithelial cells.

Caseous pus comes from the fatty degeneration of pus-
corpuscles or inflammatory exudations. It occurs especially
in tubercular processes. A caseous mass may calcify.

Suppuration is announced by the intensification of all
local inflammatory signs. The heat becomes more marked,
the discoloration dusky, the swelling augments, the pain be-
comes throbbing or pulsatile, and the sense of tension is
greatly increased. The skin at the focus of the inflammation
after a time becomes adherent to the parts beneath, and fluc-
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tuation soon appears. This adhesion of- the skin is a prepa-
ration for a natural opening, and is what is known as * point-
ing.” An important sign of pus beneath is edema of the
skin. This is always observed in a superficial abscess, and is
sometimes noticeable in empyema or pyothorax, in appendi-
ceal abscess, and in perirenal suppuration. The above symp-
toms can be reinforced and their significance proved by the
introduction of an aseptic tubular exploring-needle and the
discovery of pus. Irregular chills, high fever, and drenching
sweats are very significant of suppuration in an important
structure or of a large area.

Diffused Cellulitis or Phlegmonous Suppuration; Puru-
lent Inflltration.—This process may involve a small area or
an entire limb, and is due to _infection by the streptococcus
pyogenes or streptococcus of erysipelas. The streptococci
are intensely virulent. Barriers of white corpuscles will not
restrain them, and tissues break down before cellular multi-
plication is able to encompass the bacteria. The bacteria
disseminate through the lymph-spaces and lymph-vessels.
The disease in severe cases produces enormous swelling,
areas which feel boggy, a dusky-red discoloration, and gre.nt
burning pain. Gangrene of superficial areas is not unusual,
due to thrombosis of vessels or coagulation-necrosis from
toxins. The discharges of the wound, if a wound exists,
are apt to dry up, and the wound becomes foul, dry, and
brown. The adjacent lymphatic glands are much enlarged.
The disease is ushered in by a chill, which is followed by
high oscillating temperature, due to suppurative fever,
sapremia, or even scptic infection or pyemia. Sweats
are noted during falling temperature. Diffuse suppuration
tends to arise in infected compound fractures, in extrava-
sation of urine, and after the infliction of a wound upon
a person broken down in health. It is not unusual after
scarlet fever, and is typical of phlegmonous erysipelas. The
pus is sanious and offensive, and burrows widely in the
subcutaneous tissue and intermuscular planes. This diffused
suppuration may widely separate muscles, and even lay bare
the bones. It is a very grave condition, and may cause
death by exhaustion, septic intoxication, septic infection,
pyemia, or hemorrhage from a large vessel which has been
corroded. Cellulitis of a mild degree may surround an in-
fected wound or a stitch-abscess. Its spread is manifested
by red lines of lymphangitis running up to the adjacent
lymphatic glands. Light cases may not suppurate, the
lymphatics carrying off the poison. Any case of cellulitis is,
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however, a menace, and any severe case is highly dangerous
(see Erysipelas).

Acute Abscesses.—An abscess is a circumscribed cavity
of new formation containing pus. We emphasize the fact
that it is a circumscribed cavity—circumscribed by a mass
of leukocytes and proliferating connective-tissue cells. A
purulent infiltration is not circumscribed, hence it does not
constitute an abscess. An essential part of the definition is
the assertion that the pus is in a cavity of new formation, in
an abnormal cavity ; hence pus in a natural cavity (pleural,
pericardial, synovial, or peritoneal), constitutes a purulent
effusion, and not an abscess unless it is encysted in these
localities by walls formed of inflammatory tissue.

An acute abscess is due to the deposition and multiplica-
tion of pyogenic bacteria in the tissues or in inflammatory
exudates. These bacteria attack exudates or tissues, form
irritants which cause inflammation or intensify existing in-
flammation, and by exerting a peptonizing action on inter-

Fi, 4o.—Infiltration of connective tissue of cutis (£ s00) with beginning suppuration in the
center (Senn).

cellular substance and the fibrin of the exudate liquefy tis-
sue and the products of inflammation, and form pus. Asa
rule, within twenty-four hours after lodgement of the bac-
teria the exudation increases in amount, the migrated leuko-
cytes gather in enormous numbers, the fibers of tissue swell
up, and the connective-tissue spaces distend with cells and
fluid. The connective-tissue cells, acted on by pus cocci,
multiply by karyokinesis, develop many nuclei, lose their
stellate projections, degencrate, and constitute one form of
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pus-corpuscle, leukocytes forming the other. All the small
vessels are choked with leukocytes, this blocking serving to
cut off nourishment and tending to produce anemic necrosis.
Liquefaction occurs at many foci of the inflammation, drops
of pus being formed, the amount of each being progressively
added to and many foci coalescing (Fig. 40). The pus-
cavity is circumscribed, not by a secreting pyogenic mem-
brane, but by a mass of fibroblasts, whose cells and inter-
cellular material have not as yet broken down; such a mass
of fibroblasts is often called embryonic tissue, and it is cir-
cumscribed by a zone of inflammation in which there are
hordes of migrated leukocytes (Fig. 41). As an abscess
increases in size the embry-

onic tissue within out-
ward lique into pus, and
the zone of inflammation

beyond continually enlarges
and forms more embryonic
tissue. After a time the in-
flammation reaches the sur-
face,. the embryonic tissue
glues the superficial .to the
deeper parts, the superficial
part inflames and becomes
embryonic tissue, the inter-

@ 2)c)s|e|r

F1G. 41.—Diagram of an abscess : A, pus;

B, layer of fibroblasts: (', tissue infiltrated
with leukocytes ; D, zone of stasis; £, zone
of active hyperemia; F, healthy tissue.

cellular substance is liquefied,
a small elevation due to fluid
pressure appears (pointing),

and this elevation thins and
breaks from tension and liquefaction (spontaneous evacuation).
When an abscess forms in an internal organ or in some struct-
ure which is not loose, like connective tissue—for instance, in
a lymphatic gland—a mass of pyogenic bacteria, floating in
the blood or lymph, lodges, and these bacteria by means of
irritant products cause coagulation-necrosis of the adjacent
tissue and inflammatory exudation around it. The area of
coagulation-necrosis becomes filled with white blood-cells,
and the dry nccrosed part is liquefied by the cocci.  Suppu-
ration in dense structures causes considerable masses of
tissue to die and to be cast off, and these masses float in the
pus. Decath of a mass with dissolution of its elements is
necrosis, or inflammatory gangrene.  Pus travels in the line
of least resistance. It may reach a free surface, or may
break into a cavity or joint, nfilf invade bone or destroy a
vessel. When an abscess ceased to spread or is evacuated,
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the cellular tissue forming the walls becomes vascularized
(granulation-tissue). An abscess heals by the collapse of its
walls and fusion of the granulations (union by third inten-
tion), or by granulation (union by second intention). In
either case granulation-tissue is ultimately converted into
fibrous or scar-tissue.

Forms of Abscesses.—The following are the various
forms of abscesses: acute, which follows an acute inflamma-
tion ; strumous, cold, lymphatic, tubercular, or chronic abscess
is due to tubercle, and does not contain true pus unless
there is secondary infection. It presents no signs of inflam-
mation. A lymphatic abscess may form in a week or two,
and hence is not necessarily chronic, which term may also
be used to mean a persistent non-tubercular abscess ; cascous
or cheesy abscess, a cavity containing thick cheesy masses, is
due, perhaps, to the fatty degeneration of inflammatory
exudate and pus-corpuscles, but most commonly results
from the caseation of a tubercular focus; circumscribed
abscess is one limited by embryonic tissue; diffused abscess
is an unlimited collection of pus, in reality not an abscess,
but either a purulent effusion or a purulent infiltration ; con-
gestive, gravitative, wandering, or hypostatic abscess is a col-
lection of pus or tubercular matter which travels from its
formation-point and appears at some distant spot (as a psoas
abscess) ; critical or consecutive abscess is one which arises
during an acute disease; diathetic abscess is due to a diath-
esis; embolic abscess is due to an infected embolus; ¢ym-
panitic or emplysematous abscess is one which contains the
gases of putrefaction; encysted abscess, in which pus is cir-
cumscribed in a serous cavity ; fecal or stercoraceous abscess
is one containing feces in consequence of a communication
with the bowel ; follicular abscess is one arising in a follicle;
hematic abscess, one arising around blood-clot, as a sup-
purating hematoma ; marginal abscess, which appears upon
the margin of the anus; pyemic or metastatic abscess is the
embolic abscess of pyemia ; m#/£ abscess is an abscess of the
breast in a nursing woman ; ossiffuent abscess, arising from
diseased bone; psoas or tubercular abscess, arising from verte-
bral caries, the matter following the psoas muscle and usually
pointing in the groin; sympathetic abscess, arising some dis-
tance from the exciting cause, such as a suppurating bubo
from chancroid, is not in reality sympathetic, because infec-
tive material has been carried from the primary focus ; thecal
abscess is suppuration in a tendon-sheath ; tropical abscess is

an abscess of the liver, so named because it occurs chiefly in
1
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tropical countries: it usually follows dysentery; wurinary
abscess, caused by extravasated urine; wverminous abscess,
one which contains intestinal worms and communicates with
the bowel; syphilitic abscess, which occurs in the bones
during tertiary syphilis, and which is gummatous and not
pyogenic; Brodie's abscess is a chronic abscess of a bone,
most common in the head of the tibia; supcrficial abscess,
which occurs above the deep fascia; deep abscess, occurring
below the deep fascia; and residual or Paget’s abscess, a re-
currence of active changes, it may be after years, about the
residue of a former tubercular abscess.

Symptoms of Acute Abscess.—In an acute abscess, as
before stated, a part becomes inflamed and embryonic tissue
forms ; this is liquefied (as above noted) and pus is produced.
If the abscess is in the brain, in the tonsil, or in the neigh-
borhood of the rectum or vermiform appendix, the odor of
the pus is apt to be offensive. An acute abscess can occur
in a person of any constitution.

Local Symptoms.—Locally there is intensification of in-
flammatory signs, and swelling enormously increases. At
first the area is hard, but afterward becomes soft and finally
fluctuates. The discoloration becomes dusky. The pain
becomes throbbing and the sense of tension increases. The
pain is greater the more dense the implicated tissue is and
the greater the number of nerves it contains. At every pulse-
beat the tension in the abscess increases temporarily, and
hence the pain momentarily increases. Pain is increased by
a dependent position of the part. There is great tenderness.
The pain may be felt at the seat of suppuration or may be
referred to some distant point. Tenderness is located at
the focus of disease. The cutaneous surface is seen to be
polished and edematous, and after a time pointing is observed
and fluctuation can be detected.

Constitutional Symptoms.—In cases of small collections
of pus in unimportant structures there may be no obvious
constitutional disturbance. If the abscess contains much pus
or affects an important part, disturbances generally appear,
from slight rigors or moderate fever to chills, high tempera-
ture, and drenching sweats. The constitutional condition
typical of an abscess is due to the absorption of retained
toxins, and is known as “ suppurative fever.” When suppu-
ration is long continued there exists a fever which is markedly
periodic: the temperature rises in the evening, attaining its
highest point usually between 4 and 8 p. M., and then sinks
to normal or nearly normal in the early morning (from 4 to



ACUTE ABSCESSES IN VARIOUS REGIONS. 127

8 A. M.). When the temperature begins to fall profuse per-
spiration takes place. This fever is known as “hectic.”
Prolonged suppuration causes albuminoid changes in various
organs, notably in the liver, spleen, and kidneys.

The signs and symptoms of an abscess are somewhat
modified by location, and itis wise to discuss acute abscesses
in different situations.

Acute Abscesses in Various Regions.—Abscess of the
brain in about 50 per cent. of cases results from suppurative
disease of the middle-ear. In abscess of a silent region of the
brain symptoms may long be entirely absent. The usual
symptoms are headache, vomiting, delirium, drowsiness,
optic neuritis, and often a subnormal temperature. Local-
izing symptoms may be present. In but few cases are there
fever and sweats. In extradural abscess there is fever.

Appendiceal or appendicular abscess results from inflam-
mation, usually with perforation of the vermiform appendix,
plastic peritonitis circumscribing the pus. If the pus has
been formed by colon bacilli or staphylococci, it will prob-
ably be circumscribed and limited by cellular exudate,
which glues together the mesentery and coils of small intes-
tine. If the pus has been formed by streptococci, it will
probably not be limited, and the peritoneum will be attacked
by diffuse septic peritonitis. The signs of appendicular
abscess are pain, tenderness, muscular rigidity, the existence
of a mass, dulness on percussion, and sometimes fluctuation
and skin-edema in the right iliac fossa, fever, vomiting, some-
times constipation, and sometimes diarrhea.

Abscess of the liver may not be announced by symptoms
until rupture. It may follow dysentery, may be a result of
the lodgement of infected clots from the hemorrhoidal veins,
may follow upon the infective phlebitis of appendicitis, may
result from septic cholangitis or suppuration of a hydatid
cyst. We usually find fever of an intermittent type, profuse
sweats, pain in the back, the shoulder, or the right hypo-
chondraic region, enlargement of the area of liver-dulness,
also hepatic tenderness, and finally constitutional symptoms
of the existence of pus. Sometimes there are fluctuation
and skin-edema over the liver, and the general cutaneous
surface may be a little jaundiced. The symptoms vary as
the pus invades adjacent organs. Where there are pain on
respiration and evidences of diaphragmatic pleuritis the pus
is probably breaking into the pleural sac.

Subphrenic abscess is apt to begin beneath the diaphragm,
though in some few instances the pus forms above this mus-
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cle, and subsequently gains access to the region beneath,
Such an abscess may contain not only pus, but gas, and in
some cases also fluid from the stomach or intestine. It may
arise after perforation of the bowel or stomach, or it may
result from Pott’s disease, perinephric abscess, traumatism,
abscess of the liver, kidney, spleen, or pancreas, empyema or
pneumonia (Greig Smith). The signs are pain, fever, sweats,
dyspnea, cough, and the physical signs of a collection of
fluid beneath the diaphragm and of gas in the cavity of the
abscess.

Abscess of the lung gives the physical signs of a cavity;
the expectoration is offensive and contains fragments of lung-
tissue. An abscess may occasionally be located by the use
of the X-rays. Pyemic abscesses may exist and yet escape
discovery.

Abscess of the mediastinum causes throbbing retrosternal
pain, chills, fever, sweats, and often dyspnea. A tumor may
appear which pulsates and fluctuates, but the pulsation is not
expansile.

Perinephric abscess usually causes tenderness and pain in
the lumbar region or about the hip-joint, which pain runs
down the thigh and is accompanied by retraction of the tes-
ticle. Induration, fluctuation, or edema of the skin may be
observed in the lumbar region, and there is tenderness in the
loin. The constitutional symptoms of suppuration usually
exist.

Abscess of the antrum of Highmore causes pain, edema-
tous swelling of the bone, and crepitation on pressure upon
the superior maxillary bone. Pus may escape from the nos-
tril of the diseased side when the head is bent in the direction
of the healthy side. A rhinoscopic examination discloses
the fluid passing into the nares. The antrum on the side of
the abscess cannot be transilluminated by an electric light
in the mouth (Garel's sign).

Abscess of the larvnx induces violent cough, pain, interfer-
ence with the voice, swallowing, and breathing, and can be
seen with a laryngoscope.

An ischiorectal abscess is situated in the areolar tissue of
the ischiorectal fossa. The pyogenic organisms usually gain
entrance to the lymphatics by way of an abrasion, fissure, or
ulceration of the rectum or anus. In rare cases they reach
the fossa in the blood-stream. The pain is severe and throb-
bing ; there are great tenderness, redness and edema of
skin, induration, and usually the constitutional symptoms of
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pus formation. Fluctuation is a very late sign because of the
density of the fascia.

Prostatic abscess is manifested by chills, fever, sweats, fre-
quency of micturition, tenderness of the perineum and rec-
tum, and agonizing pain, developing during an attack of
acute prostatitis.

Abscess of the breast can arise from absorption of pyogenic
bacteria from a fissure or abrasion of the nipple. Some sur-
geons maintain that the bacteria enter along the milk-ducts,
while others assert that they gain entrance by the lymphatics.
It is most common in nursing women. Its symptoms are
pulsatile pain, dusky discoloration, skin-edema, fluctuation,
and usually constitutional disorder.

Suppurative thecitis or felon is a form of diffuse suppuration
(p. 623).

Paanar abscess is a purulent effusion (p. 621).

Furuncle and carbuncle are discussed on pages 916 and
917.

Empyema is a purulent effusion into the pleural sac (p. 724).
It is technically an abscess if it becomes encapsuled.

Diagnosis.—The diagnosis of an abscess rests upon—(1)
its history; (2) fluctuation; (3) pointing; (4) surface-edema;
and (5) the use of the tubular exploring-needle.

Fluctuation is the sensation imparted to a finger held
against a sac containing fluid when a wave is started in the
fluid by striking the mass with a finger of the other hand.
Fluctuation cannot be obtained if the amount of fluid is small.
It should never be sought for across a limb, but rather
along it.

A suspected abscess in a part containing large blood-
vessels under no circumstance should be opened by a
bistoury without knowing that the diagnosis is certainly cor-
rect. This knowledge is obtained in some cases by inserting
a small aspirating-needle and observing the nature of the
fluid which exudes. An abscess which moves with the pulse
because it rests upon an artery may be confounded with an
aneurysm. The pulse-movements of such an abscess are in
one direction only ; the abscess is lifted with each pulse-beat,
but does not enlarge, and if a finger is laid upon either side of
it the fingers will be lifted but not separated. The pulse-
movements of an aneurysm are in all directions ; they are
expansile, the tumor grows larger, and the ﬁngers will not
only be lifted, but will also be separated. The tubular ex-
ploring-needle can be used in doubtful cases; if aseptic, it
will do no harm even to an aneurysm. Many able surgeons

9
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object to the employment of a grooved exploring-needle, on
the ground that when plunged into infected areas and with-
drawn the track of the penetration becomes infected by the
fluid which escapes. A rapidly growing, small-cell sarcoma
feels not unlike an abscess; but the exploring-needle dis-
. covers blood, and not pus. A cystic tumor is separated
from an abscess by the absence of inflammation, or, if it in-
flames, by the nature of the contained fluid. Ordinary cau-
tion will prevent one confounding an abscess with stran-
gulated hernia. A tubercular abscess is separated from an
acute abscess by the absence of inflammatory signs in the
former. The contents of the acute abscess differ from those
of the chronic abscess. When an abscess exists in an im-
portant region (brain, appendix, liver, etc.), cultures of the

F1G. 42.—Vischer's case for carrying culture-tubes for inoculation.

pus should be taken after incision. Such studies often give
valuable information as to the probable course of the condi-
tion, and an accumulation of many accurate observations
will add greatly to scientific information. Fig. 42 shows a
convenient case for carrying culture-tubes.

Prognosis.—The prognosis varies according to the num-
ber of abscesses, their location and size, the strength of the
patient, and the virulence of the causative bacteria.

Treatment.—In the treatment of an abscess there is one
absolute rule which knows no exception, namely, that when-
ever and wherever pus is found the abscess should be evac-
uated at once, and, after evacuating it, thorough drainage must
be provided for. It should be opened carly, if possible even
before pointing or fluctuation, to prevent tissue-destruction,
subfascial burrowing, and gencral contamination. Drainage
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is continued until the discharge becomes scanty, thin, and
seropurulent.

Abscess of the liver requires that an incision be made
along the edge of the ribs down to the liver, which organ
is then stitched to the edges of the wound. In a day or
two after the first operation the two layers of peritoneum
are firmly adherent and the abscess can be opened without
danger of the passage of pus into the peritoneal cavity.
The abscess is opened and washed out, and a tube inserted.
Surgeons occasionally try to locate the pus by the use of an
aspirator before doing the cutting operation. Abscess
of the liver is occasionally reached by resecting a rib, open-
ing the pleural sac, and incising the diaphragm (transthoracic
hepatotomy). Abscess of the mediastinum, like all other
abscesses, requires incision and drainage. This is effected
by cutting between the rib cartilages or by trephining the
sternum. In abscess of the lung an incision is made and the
pleura is exposed. The incision is usually through an inter-
costal space ; but if the spaces are narrow, it will be necessary
to resect a rib. If the two layers of pleura are found ad-
herent, the operation is proceeded with. If they are not
adherent, they are stitched together with . catgut suture, and
the surgeon waits 48 hours before continuing. The operation
is completed by locating the pus by means of an aspirator,
evacuating it by the cautery at a dull-red heat, and insert-
ing a drainage-tube into the abscess-cavity. In abscess of
the antrum of Highmore bore a gimlet-hole through the
superior maxillary bone, above the canine tooth, or perforate
the bone by means of a trocar. Irrigate daily with boiled
water or normal salt solution. Keep the opening from
contracting by inserting a small tent of iodoform gauze.
In persistent cases it may be necessary to draw a tooth,
break through the socket into the antrum, and insert a
silver or hard-rubber tube. In very persistent cases osteo-
plastic resection of a portion of the upper jaw will be
demanded. In appendicular abscess incise, support the
abscess-walls with gauze, remove the appendix in most
cases, but not in all, and insert a drainage-tube and strands
of gauze

An ischiorectal abscess must be opened early. The surgeon
never waits for fluctuation. Fluctuation is a very late symp-
tom. To wait for it entails great destruction of tissue and
serves no useful purpose. Place the patient on his side, with
the legs drawn up. Insert a finger in the rectum, lift the
abscess toward the surface and incise it from the surface.
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The incision runs from the anal margin like a spoke from the
hub of a wheel. Irrigate with salt solution, inject iodoform
emulsion, insert a drainage-tube, dress, and let the patient
know he is in danger of developing a fistula.

In abscess of the breast make an incision radiating from
the nipple, or, what is better, incise under the breast by
means of a cut at the inferior thoracic mammary junction, and
enter the abscess from beneath. In abscess of the brain the
skull should be trephined, the membranes incised, and the
abscess sought for, opened, and drained (p. 677). Inan ordi-
nary supcrficial abscess, after cleansing the parts, make the
skin tense, and incise with a sharp-pointed curved bistoury at
the most dependent part of the abscess. Permit the pus to
run out itself ; pressure, as a rule, is undesirable. If tissue-
shreds block the opening, they must be picked out with
forceps. If the atmospheric pressure will not cause the pus
to flow out, make light pressure with warm, moist, aseptic
sponges. After the pus has come away wash the cavity
with normal salt solution or boiled water, and drain with a
tube for two or three days, when the discharge becomes serous.
Pursue rigid antisepsis in dealing with purulent areas. It is
true we already have infection with pyogenic bacteria, but
infection can also take place with organisms of putrefaction,
causing pus to become putrid, or with other bacteria, for in-
stance, those of tetanus. It is not desirable to overdistend
the abscess-cavity with fluid, because the hydrostatic pressure
might break down the wall of young cells and infection be
diffused. Do not irrigate with powerful disinfectants. They
cannot be used strong enough to really disinfect, but may
easily be used strong enough to cause necrosis of an abscess-
wall.  Peroxid of hydrogen is not to be used unless the in-
cision is large. If an abscess contains putrid pus, after
evacuation irrigate with hot salt solution or peroxid of hydro-
gen and inject iodoform emulsion. Ifatube is not used and the
cavity is packed with iodoform gauze, remember that gauze
will not drain pus and requires to be changed once a day.
An abscess should be dressed with hot, moist antiseptic dress-
ings (antiseptic fomentation). When the discharge becomes
thin and scanty, dry aseptic or antiseptic dressings are used.

In a deep abscess or an abscess situated near important
vessels, do not boldly plunge in a knife. Hilton says to
“plunge in a knife is not courageous, as it is without danger
to the surgeon, but may be fatal to the patient.” Remember
also that a large amount of pus displaces normal anatomical
relations. Hilton’s method of opening a deep abscess (as in
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the axilla or neck) is to cut to the deep fascia, nick the fascia
with a knife, and then push into the abscess a grooved director
until pus shows in the groove; along the groove push a pair
of closed dressing-forceps; after they reach the depths open
them and withdraw them while open, and so dilate the open-
ing; then insert a tube and irrigate. In an abscess in the
posterior part of the orbit, after incising transversely a por-
tion of the upper lid, the abscess should be reached by this
method. Always endeavor to open an abscess at its most
dependent part, remembering that the situation of this part
may depend upon whether the patient is erect or recumbent.
If we do not make the opening at the lowest point, all the
pus will not run out and the walls will not completely col-
lapse. A deep abscess must be drained thoroughly until the
discharge becomes seropurulent. When the tube is removed
it is wise to insert a tent of iodoform gauze just through the
outlet of the abscess. This tent prevents the skin from clos-
ing over the channel. Itis removed and a new one is inserted
every day until it is clear that there is no longer danger of
fluid becoming blocked and retained. When an abscess con-
tains diverticula or pouches they should be slit up or a counter-
opening ought to be made. A counter-opening is made by
entering the dressing-forceps at the first incision, pushing
them through the abscess to the point where we wish to
make our counter-opening, opening the blades, and cutting
between them from without inward. The blades are then
closed and projected through the incision; they are opened
to dilate the new door, and closed again upon a drainage-
tube, which is pulled through from opening to opening as
the instrument is withdrawn. When pus burrows, insert a
grooved director in each channel and slit the sinus with a
knife. An abscess may make an opening through dense
fascia, the opening being small like the neck of an hour-glass
(shirt-stud abscess). Always examine to see if such a con-
dition exists, and if it is found, incise the fascia.

In a deep abscess in which the pus is putrid frequent
irrigation is desirable. In such a case two tubes may be em-
ployed (Fig. 43). The tubes are prevented from slipping in
by the use of a safety-pin. The irrigating fluid is passed
into the cavity () through the tube 4, and it runs out through
the tube ¢.

Rest is of the first importance in the healing of an abscess,
and we try to obtain it by bandages, splints, and pressure,
which will immobilize adjacent muscles and approximate
the abscess-walls. If an abscess is slow to heal, use as a
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daily injection a solution of corrosive sublimate of the
strength of 1 : 1000, or 3 drops of nitric acid to 3j of water,
or 3 grains of zinc sulphate to 3j of water, or a § per cent.
solution of carbolic acid, or a 2 per cent. aqueous solution
of pyoktanin, or 20 drops of tincture of iodin to 3j of water,
‘or a solution of bichlorid of palladium. Peroxid of hydrogen
is a dangerous agent to inject into the cavity of a deep
abscess of the neck, as the liberated gas may not escape from

F1G. 43.—Drainage-tubes for abscess requiring irrigation.

the opening, but may pass widely into the tissues and cause
great distention. The author saw a child who narrowly
escaped death after such an injection. In this patient the gas
passed beneath the pharyngeal mucous membrane and the
swelling almost occluded the air-passages. The constitu-
tional treatment of an abscess depends upon its severity and
upon the importance of the structures involved. In a bad
case the patient should be put to bed, opiates given with a
free hand, the bowels kept active by calomel and salines,
skin-activity maintained, nutritious food insisted on, and
stimulants liberally employed.

Purulent Effusions—(See Suppurative Thecitis, Palmar Ab-
sces;s, Suppurative Synovitis, Purulent Peritonitis, Empyema,
etc.).

Tubercular abscess, called also chronic, cold, scrofu-
lous, and lymphatic, is an area of disease produced by the
action of the bacilli of tubercle and circumscribed by a dis-
tinct membrane. Ashhurst says that the term “ chronic” is
a bad one. “It refers etymologically only to time. A
phlegmonous abscess, if deeply seated, may be of slower
development than a chronic or cold abscess which is super-
ficial.” A tubercular abscess is most common in connection
with tubercular disease of the lymphatic glands, bones,
joints, and subcutancous connective tissues, and is rare after
the twentieth year. It may contain quarts of curdy pus.
The bacilli of tubercle cause inflammation, and granulation-
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tissue is formed, which in the center undergoes coagulation-
necrosis and caseation, and at the periphery is converted into
fibrous tissue containing tubercles. The mass of granula-
tion-tissue undergoes necrosis in the center, chiefly because
of the direct action of the toxins and partly because the
capillaries are gradually lessened in caliber. The necrotic -
mass undergoes fatty degeneration (caseation). If caseated
tubercular granulation-tissue liquefies, scrofulous, curdy, or
tubercular pus is formed, and the growing collection of
fluid is called a tubercular or cold abscess. Such an abscess
does not contain true pus. The tubercle bacillus is not a
pyogenic organism. If true pus forms, it is because of a
secondary infection with pus-cocci—an accident, and not a
part of the natural process of formation of a cold abscess.
A cold abscess is filled with liquefied caseated tubercle,
masses of coagulated fibrin, and bits of necrotic tissue. The
wall of a cold abscess consists of granulation-tissue and
fibrous tissue, the granulation-tissue being in the interior.
The yellowish granulation-tissue lining a cold abscess is
filled with miliary tubercles, and is called Volkmann’s mem-
brane. The fibrous wall was formerly called the pyogenic
membrane, because of the mistaken notion that it secreted
purulent material. A cold abscess may be absorbed or
may become encapsuled by densely fibrous organization of
its limiting wall. It may enlarge greatly and involve various
tissues. Tubercular matter rarely invades a muscle, whereas
syphilis often attacks muscle (Warren).

Symptoms.—The term co/d abscess is employed for a
tubercular abscess because it presents no inflammatory signs.
There is no local heat; no discoloration unless pointing
occurs ; the parts look paler than natural; pain is absent in
the abscess, though it may exist at the point of origin of the
fluid. The tubercular material often wanders from its point
of origin under the influence of gravity. Fluctuation is present
unless thick walls mask it. Constitutional symptoms are
trivial or absent unless secondary infection occurs. The
swelling may suddenly appear in some spot—the groin, for
instance. When it appears suddenly it has travelled from a
distant and older area of disease. The abscess may last for
years without producing pain or annoyance. The introduc-
tion of a tubular exploring-needle will settle the diagnosis.
The constitution is invariably below normal because of the
tubercular infection, and the temperature may be a little
above normal. A cold abscess which is infected with putre-
factive or pyogenic organisms exhibits great inflammation,
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and sapremia or septicemia rapidly develops. In tubercular
disease of the vertebra the fluid may find its way to the lum-
bar region, to the iliac region, or to the immediate neigh-
borhood of Poupart’s ligament, above or below it.

Tubercular Abscesses in Various Regions.—Tu-
bercular abscess of the head of a bone (Brodie’s abscess)
arises in the cancellous structure of a long bone, most often
in the head of the tibia. Pain is continued but not usually
very severe, is of a boring character, and is worse when the
patient is in bed. Attacks of synovitis arise from time to time
in the adjacent joint. There is no such thing as an acute ab-
scess of bone. A pyogenic inflammation of such severity
that it would cause an acute abscess in soft parts, in bone
causes acute necrosis. The tubercular organisms obtain
access to the bone by means of the blood, and find in the
bone a point of least resistance.

Retropharyngeal or postpharyngeal abscess is, as a rule,
but not always, tubercular. Such an abscess is usually
due to caries of the cervical vertebra, but can arise in the
connective tissue of the parts or as a tubercular adenitis.
An abrasion of the mucous membrane may admit the bacilli to
the connective-tissue or the glands. A swelling projects from
the posterior pharyngeal wall, and there is great interference
with respiration and deglutition. Caseous matter from caries
of the cervical vertebrae may reach the posterior mediastinum
by following the esophagus, or it may appear in front of or
behind the sternomastoid muscle (Edmund Owen).

Dorsal Abscess.—The tubercular matter in dorsal ab-
scess arises from dorsal caries, flows into the posterior medi-
astinum, and reaches the surface by passing between the
transverse processes. The tubercular matter from dorsal
caries may run forward between the intercostal muscles or
between these muscles and the pleura, pointing in an inter-
_ costal space at the side of the sternum or by the rectus
muscle. It may open into the gullet, windpipe, bronchus,
pleural sac, or pericardium. It may descend to the dia-
phragm and travel under the inner arcuate ligament to form
a psoas abscess, or under the outer arcuate ligament to form
a lumbar abscess. A psoas abscess points external to the
femoral vessels, a characteristic which distinguishes it at once
from a femoral hernia.

Iliac abscess arises from lumbar caries, the swelling lying
in the iliac fossa and pointing above Poupart’s ligament.

Psoas abscess is usually due to lumbar caries, but may
arise from dorsal caries. The fluid usually points in Scarpa’s
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triangle external to the femoral vessels, but may descend
much lower (Fig. 44). A psoas or iliac abscess by following
the lumbosacral cord and great sciatic nerve, forms a gluteal
abscess. Theseabscesses may
open into the bowel, bladder,
ureter, or peritoneal cavity.
Lumbar Abscess.—In a
lumbar abscess the fluid pro-
duced by dorsal caries de-
scends beneath the outer arcu-
ate ligament, or the fluid from
lumbar caries which collected
anterior to or in the quadratus
lumborum muscle passes be-
tween the last rib and iliac
crest in the triangle of Petit,
the small space bounded by
the crest of the ilium, the pos-
terior edge of the external ob-
lique muscle, and the anterior
edge of the latissimus dorsi

muscle!
Chronic abscess of the
breast is a caseated area of FIG. 44.—Psoas abscess (Albert).

tuberculosis of the breast.

A lump is detected, which slowly enlarges and finally rupt-
ures, sinuses being formed. The axillary glands are apt to
be implicated. The patient belongs to a tubercular stock,
as a rule gives a history of previous tubercular troubles of
various sorts, and has usually borne children. Chronic
abscess of the breast causes little or no pain.

Trcatment of Tubercular Abscess—If a small cold ab-
scess exists in a superficial structure, open it with aseptic
care, rub its walls with bits of gauze to remove tubercular
masses, irrigate with 1 : 1000 mercurial solution, inject with
iodoform emulsion, pack with iodoform gauze, and dress anti-
septically. When the discharge becomes thin and scanty
the packing can be dispensed with. If it be slow in healing,
inject or swab out with a stimulating fluid as in acute
abscess, or inject with iodoform emulsion.

Chronic Abscess of Bone.—Make an incision to bare the
bone. Open the abscess with the trephine, the gouge, or
the chisel; curet with a sharp spoon and gouge; cut away

! For a lucid description of these abscesses see Owen’s Manual of Anatomy,
from which much of the above is condensed.
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the edges of the bone with rongeur forceps ; irrigate the cavity
with hot corrosive sublimate solution (1 : 1000), dry its walls
with gauze, and paint the cavity with pure carbolic acid ; pack
with iodoform gauze and apply antiseptic dressings. It is bet-
ter not to employ an Esmarch apparatus. Bleeding will not
be severe, and when no apparatus is used one can be sure that
all the diseased bone has been removed, because sound bone
bleeds and dead bone does not.

Cold Abscess of Lymphatic Glands.—In non-exposed
portions of the body the capsule of the gland should be
incised and dissected or scraped away, and the cavity
swabbed out with pure carbolic acid and packed with iodo-
form gauze. If the abscess is allowed to burst, it will cause
an ugly scar; therefore in exposed portions of the body an
effort should be made to prevent a scar by incising early
before the skin is involved. When only a little caseated
matter exists and the skin is not discolored, prepare the
parts antiseptically, incise, rub the interior with gauze, inject
iodoform emulsion, use a small drainage-tube, and suture the
wound. It used tobe a custom in such cases to carry a silk
thread by means of a needle through the skin, through the
gland, and out at its lowest point, the part being then dressed
with gauze. In three days the thread was removed and a
firm compress was applied. The plan is not satisfactory and
incision i1s to be preferred. When the gland is almost
entirely broken down and the skin above it is purple
and thin, insert a hypodermatic needle through sound skin
into the abscess, draw off the pus, and inject iodoform emul-
sion (10 per cent. of iodoform, go per cent. of glycerin or
olive oil). This procedure is to be repeated when pus again
accumulates. By this means we can sometimes effect a cure
in a week or so. When an abscess breaks or is at the point
of breaking cut away all purple skin, curet the abscess-
walls (the abscess having become a tubercular ulcer),
remove the remains of gland and capsule, swab the cavity
with pure carbolic acid, and dress with iodoform and anti-
septic gauze. '

Tubercular glands ought to be extirpated before they
caseate and form an abscess.

Cold Abscess of Mammary Gland.—Many operators
simply incise, curet, pack with iodoform gauze, and dress
antiseptically. It is wiser to remove the entire gland, and
to clean out the axilla, as in an operation for cancer, in order
to prevent both recurrence and dissemination.

Large Cold Abscesses (Psoas Abscess).—In view of the
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facts that these abscesses may cause no trouble for years
and that an operation may be fatal, some eminent surgeons
are opposed to an operation unless the abscess is moving
toward inevitable rupture or is disturbing the functions of
organs by pressure. Most practitioners believe, however,
that this mass of tubercular matter is a source of danger
through being a dépét of infective organisms which may
overwhelm the system, and that death will rarely occur in
the hands of the operator who employs with intelligence
strict antisepsis. In no other cases is attention to every
detail more important, as a mixed infection can easily take
place, and will probably mean death. :

In many cases aspiration can be employed to empty the
cavity, injecting either a 10 per cent. iodoform emulsion to
the amount of 3iij, or 3iij of a 5 per cent. ethereal solution
of iodoform after the tubercular fluid has been sucked out.
After injecting the emulsion squeeze and manipulate the fluid
into every nook and cranny. The American Text-book of
Surgery advises the injection of from 1 to 3 ounces of the
following preparation: iodoform, 10 parts; glycerin, 20;
mucil. gum Arab., 5; carbolic acid, 1; water, 100.

Whatever fluid is chosen, the operation must be repeated
three or four times at intervals of four weeks. It is danger-
ous to inject large amounts of iodoform, as poisoning may
be produced (p. 29). Some surgeons incise such an abscess,
inject iodoform emulsion, and sew up without drainage.
Such a procedure may succeed, may fail, and is sometimes
followed by iodoform-poisoning. If aspiration and injection
fail, open, under rigid antisepsis, the most dependent portion
of the abscess, scrape its wall with bits of gauze, and over-
distend with a 1 : 1000 solution of warm corrosive sublimate.
Let the mercurial solution run out and then irrigate the
cavity with hot normal salt solution, which will remove the
remains of the corrosive fluid. With a long probe find the
highest point of the cavity, and make a counter-opening;
scrape well. Itis useless to remove carious vertebra. Flush
the whole area with corrosive sublimate, wash out the mer-
curial solution with hot normal salt solution, inject emul-
sion of iodoform, and either make tube-drainage from open-
ing to counter-opening and from bone to counter-opening,
or pack the entire cavity with iodoform gauze. If hemor-
rhage is severe, after injecting with hot salt solution the
cavity must be packed. When a large abscess breaks of
itself, it should at once be drained and asepticized as above.
In the treatment of a cold abscess give nutritious food, cod-
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liver oil, quinin, iron, and the mineral acids. Removal to
the seaside is often indicated, and mechanical appliances
may be needed for diseases of the bones and joints. If
secondary infection does occur, the patient develops septic
fever and almost certainly dies (g. ©.).

Dorsal abscess and lumbar abscess are treated after the
same plan as psoas abscess, although one incision only is
usually necessary unless the fluid has travelled to a distant

oint.

P A postpharyngeal abscess must not be opened through
the mouth. To open it in this manner puts the patient in
danger of suffocation by fluid running into the larynx during
or after the operation. Further, mixed infection of the
abscess-area will be certain to ensue. Septic pneumonia
will be apt to arise from inhaled infected particles, and pro-
found gastro-intestinal disturbance will be liable to develop
because of the inevitable swallowing of purulent, putrid, and
tubercular masses. Incise the neck and open into the abscess
by Hilton’s method, going through the sternocleidomastoid
muscle or behind it. Rub the wall of the abscess with bits of
gauze, remove any loose bone, irrigate with hot normal salt
solution, inject iodoform emulsion, insert a tube or pack
with iodoform gauze.

VIil. ULCERATION AND FISTULA.

An ulcer is a loss of substance due to molecular death
of a superficial structure. The molecular death is brought
about by bacteria. Ordinary ulcers are caused by pus
organisms. The action of the pus organisms is the same as
in an abscess. A broken abscess becomes an ulcer, and an
ulcer is in structure a half-section of an abscess. The
floor of an ulcer consists of granulation-tissue and cor-
responds with the abscess-wall. An abscess arises from
molecular death within the tissues; an ulcer, from molecu-
lar death of a free surface. An ulcer may increase in size
by molecular death of adjacent structures or by sloughing,
that is to say, by death of visible masses of tissue. A
wound healing by granulation is often wrongly called an
ulcer. An ulcer must not be confounded with an excori-
ation. In an ulcer the corium is always, and the subcu-
taneous tissue is generally, destroyed, and a scar is left
after healing. In an excoriation the mucous layer of epithe-
lium is exposed, or this is destroyed and the corium exposed.
In an excoriation the corium is never destroyed, and no scar
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remains after healing. An ulcer heals by granulation (p.
109). Embryonic tissue by vascularization becomes granula-
tion-tissue, granulation-tissue is converted into fibrous tissue,
the fibrous tissue contracts, and by pulling the edges of the
ulcer toward each other lessens the size of the cavity. When
the granulations,reach the level of the skin the epithelium at
the edges of the ulcer proliferates and the sore is soon
covered over with new epithelium.

Necrosis of a superficial part may arise from—(1) In-
flammation. The pressure of the exudate can cut off the
circulation, or bacteria may directly destroy tissue. Suppu-
ration occurs. (2) The action of pus bacteria, causing pri-
mary cell-necrosis. (3) Bacteria of putrefaction and organisms
of suppuration acting upon a wound. (4) Traumatism or
irritants, producing at once stasis, which is added to by
secondary inflammation, the exudate undergoing purulent
liquefaction. (5) Prolonged pressure. (6) Deficient blood-
supply. (7) Faulty venous return. (8) Degeneration of a
neoplastic infiltration (gummatous, malignant, or tubercular).
(9) Trophic disturbance. (10) Nutritional disturbances (as
scurvy). Most ulcers are due to pus organisms, and even
areas of necrosis that arise from something else (as gumma-
tous degeneration) are likely to suppurate.

Classification.—Ulcers are classified into groups ac-
cording to the condition of the ulcer and the associated
constitutional state. In the first group we find the varicose,
hemorrhagic, acute, chronic, irritable, neuralgic, etc. In the
second group are placed the tubercular, syphilitic, senile,
scorbutic, etc. All ulcers, whatever their origin, are either
acute or chronic, and such conditions as great pain, hemor-
rhage, edema, exuberant granulations, phagedena, slough-
ing, eczema, gout, syphilis, scurvy, etc., are to be looked upon
as complications. The leg is so common a site of ulcers as
to warrant a special description of ulcers of this part. In
describing an ulcer state the patient’s previous history; the
supposed cause; the situation; the outline; the duration;
and the mode of onset of the ulcer. State if the ulcer is
single or if multiple sores exist, and if there is or is not pain.
Whether or not any healing has ever occurred, and the pa-
tient’s constitutional condition. Set forth the complications ;
the state of anatomically related glands ; the condition of the
edge, the floor, and the parts about the ulcer, and the nature
and quantity of the discharge.

Acute or inflamed ulcer of the leg may follow an
acute inflammation and may be acute from the start, or may
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be first chronic and then become acute. It is especially
common in drunkards and among those of dilapidated con-
stitutions. It is characterized by rapid progress and intense
inflammation. There is rarely more than one ulcer. In out-
line these ulcers are usually oval, but may be irregular. The
floor of an acute ulcer contains no granulations, but is com-
posed of the raw and inflamed tissues, or is covered with a
mass of gray aplastic lymph, or it may have upon it large
greenish sloughs. The edges are thin and undermined. The
discharge is very profuse and ichorous, excoriating the
surrounding parts. The adjacent cutaneous surface is in-
flamed and edematous, and there is much burning pain. In
some cases the glands in the groin enlarge. Constitution-
ally, there is gastro-intestinal derangement, but rarely fever.
When the ulcer spreads with great rapidity and becomes
deeper as well as larger in surface-area, it is called “ phage-
denic.” The formation of sloughs indicates that tissue-death
is going on so rapidly that the dead portions have not time
to break down and be cast off. Limited stasis produces
molecular death; more extensive stasis, a slough. If a
chronic ulcer becomes acute, the granulations are destroyed.
Treatment.—In treating an acute ulcer of the leg, give a
" dose of blue mass or calomel, followed in eight or ten hours
by a saline (3ij each of Rochelle and Epsom salt), and order
light diet. Deny stimulants except in a case of diphtheritic
ulcer. Administer opium if pain is severe. Spray the ulcer
with hydrogen peroxid, use the scissors and forceps to get
rid of sloughs, and after sloughs are removed wash the ulcer
with corrosive sublimate solution (1 : 1000), or paint it with
pure carbolic acid. Paint the skin adjacent to the ulcer with
equal parts of tincture of iodin and alcohol. Dress with hot
antiseptic fomentations. Apply a bandage from the toes to
well above the ulcer. Insist on the patient remaining in bed
with the leg slightly elevated. Change the dressings before
they cool and always as soon as they are saturated with
- discharge. Every day paint iodin on the parts about the
ulcer.

Many cases do very well after antiseptization, and dusting
the ulcer with iodoform, lead-water and laudanum being
applied to the inflamed parts around the ulcer; but in a bad
case hot antiseptic fomentations, compression, and elevation
are more useful until sloughs separate. If the discharge is
offensive, apply acetanilid, aristol, or iodoform, or use gr. iij
of chloral to every 3j of water, before applying hot fomenta-
tions or ordinary antiseptic dressing. A 25 per ceat. oint-
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ment of ichthyol is very useful applied around the ulcer.
If sloughs continue to form, touch with a 1 : 8 solution of
acid nitrate of mercury or with a solution of pure carbolic
acid, and reapply antiseptic fomentations. If an ulcer con-
. tinues to spread, clean it with peroxid of hydrogen, dry with
absorbent cotton, touch with nitrate-of-mercury solution
(1 : 8), and apply an antiseptic fomentation. Repeat the
application of nitrate of mercury every day until the ulcer
ceases to extend and granulations begin to form. When
granulations begin to form the moist hot dressings are no
longer necessary, and dry aseptlc or antiseptic dressings can
be used.

In an ulcer covered with a great mass of aplastic lymph
touch daily with a solution of silver nitrate (gr. xI to 3j) or
with acid nitrate of mercury (1 : 15), and dress with iodo-
form and antiseptic fomentations. Give internally tonics,
stimulants, and good food. In any case, when granulations
form, dress antiseptically with dry dressings, or employ a
non-irritant ointment, such as cosmolin. If granulations
form slowly, touch them every day with a solution of sil-
ver nitrate (gr. x to 3j) and dress antiseptically, or apply a
stimulating ointment (resin cerate or 3j of ung. hydrarg.
nitratis to 3vij of ung. petrolii, or an ointment of copper sul-
phate, gr. iij to 3j), or dress with gauze soaked in a solution
of 3 drops of nitric acid to 3j of gum Arabic.

Chronic ulcer of the leg is characterized by low action
and slow progress. It may be chronic from the start, or it
may result from acute ulcer. More usually it is found as a
solitary ulcer two inches above the internal malleolus. Syph-
ilitic ulcers often occur in a group, are usually crescentic,
and are frequent upon the front of the knee. A tubercular
ulcer may have no granulations, but is usually covered with
pale edematous granulations, which signify the existence of
a tendency to venous stasis. The edges of the tubercular
ulcer are undermined and irregular, the parts about it are
livid and tender, and the discharge is thin and scanty (p. 194).
An ordinary chronic ulcer is circular or oval, and is sur-
rounded by congested, discolored, and indurated skin, this
induration being due to fibrous tissue, and there is often ec-
zema or a brown pigmentation of the neighboring skin. The
floor of the ulcer is uneven, and usually is covered with
granulations, each of which is red and the size of a pin-point,
but which may be exuberant or edematous. If granula-
tions are absent, the ulcer has the appearance of a piece of
liver, or is smooth and glazed. The edges are thick, turned
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out, and not sensitive to the touch. Occasionally, but
rarely, they are thin and undermined. Some ulcers are
indurated and adherent; this adhesion to the deeper struct-
ures prevents healing by antagonizing contraction. An
ulcer may fail to heal because of severe infection; because
of want of rest; because of absence of granulations, the
result of deficient blood-supply; because of edematous
granulations; because of exuberant granulations; because
of adhesion to deep structures, and because of some con-
stitutional disease.

Treatment.—In treating a chronic ulcer, give a saline
cathartic every day or so. Treat any existing diathesis. In-
sist on rest and, if possible, elevation. Asepticize the ulcer.
Draw blood by shallow scarifications of the bottom and
edges of the ulcer and the skin about it. If the ulcer is

adherent to deeper structures,
s make incisions like those

H shown in Fig. 45, each cut
£ ’*a_ going through the deep fas-
"6 R cia. These incisions, besides
LX) - permitting contraction, allow
TLEE granulations to sprout in
F1G. 45s.—Incisions for adherent ulcer. the cuts and absorb exudate.

After incision keep the part
elevated and dressed antiseptically for two days. In two
days after scarification or incision scrape the ulcer with a
curet until sound tissue is reached. Use hot antiseptic
fomentations for two days more, then paint around the ulcer
with tincture of iodin and alcohol (1 : 3), dress the parts
about the ulcer with ichthyol ointment, and dress the ulcer
antiscptically or with sterile gauze. In a day or so the use
of ichthyol can be discontinued and the ulcer can be dressed
antiseptically with sterile gauze, normal salt solution, boric
acid, bichlorid of palladium, chlorin-water, a solution of per-
manganate of potassium, sulphur, glutol, protonuclein, or
bovinin.  Glutol (formalin-gelatin) is very useful in some
cases and so is protonuclein. When healing begins, treat
as outlined for healing acute ulcer (p. 143).

Complications.—Remove by scissors and forceps any
badly damaged tissue. Take out dead bone; slit sinuses;
trim overhanging edges. Treat eczema by attention to the
bowels and stomach, and locally by washing with ethereal
soap and by the use of powdered oxid of zinc or borated tal-
cum), the leg being wrapped in cotton. Ineczema, avoid ordi-
nary soap, grease, and ointment. Varicose veins demand
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either ligation at several points, excision, circumcision by
Schede’s method (p. 348), or the continued use of a flannel
roller- or a Martin rubber-bandage. Never operate on vari-
cose veins if phlebitis exists. Inflammation is met by rest,
elevation, painting the neighboring parts with dilute iodin,
and applying about the ulcer ichthyol ointment, For cal-
loused edges, blister, employ radiating incisions, or cut the
edges away. Ordinary thick edges should be strapped. In
strapping use adhesive plaster and do not completely encircle
the limb (Fig. 46). Edematous granulations require dry dress-

F1G. 46.—Strapping of ulcer of leg (after Liston).

ings and pressure by a flannel-bandage, a rubber-bandage, or
adhesive plaster. When the parts are adherent the ulcer is
immovable, being firmly anchored to structures beneathit. In
such a condition completely or partly surround the sore
with a cut through the deep fascia (Fig. 45). This cut sets
the ulcer free from its anchorage and permits it to contract.
If the bottom of the ulcer is foul, dry it and touch with a solu-
tion of acid nitrate of mercury (1 : 8) or with crystals of pure
carbolic acid. Repeat this every third day and dress with
hot antiseptic fomentations until granulations appear. Super-
fluous granulations (proud flesh) should be cut away with
scissors, scraped away, or burned down with a strong solu-
tion of silver nitrate or with the solid stick of lunar caustic.
Absence of granulations or scantiness of granulations means
deficiency of blood-supply. The surgeon endeavors to
bring more blood to the part, and to do this induces inflam-
mation. The usual method of procedure is to apply daily
10
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to the sore a solution of nitrate of silver (10 to 15 grains
to the ounce). In obstinate cases blister the ulcer or scrape
it, or paint it with tincture of iodin, or apply pure carbolic
acid, or touch it with the actual cautery.

Irritable ulcer is due to exposure of a nerve and destruc-
tion of its sheath. Find with a probe the painful granula-
tion and divide it with a tenotome, or curet the ulcer or burn
it with the solid stick of silver nitrate. If healing entirely fails,
skin-graft. Among the methods of skin-grafting are—(1)
Reverdin’s, (2) Thiersch’s, and (3) Krause’s. (See Plastic
Surgery.)

When a man having an ulcer must go out and about, use
a firmly applied roller-, or, better still, a Martin bandage.
This bandage, which is made of red rubber, limits the amount
of arterial blood going to the ulcer and favors venous flow
from the sore and its neighborhood. The bandage should
be used as follows : before getting out of bed spray the sore
with hydrogen peroxid by means of an atomizer, dry off the
froth with absorbent cotton, wash the leg with soap and
water, dry it with a towel, dust the extremity with borated
talcum powder, and put on the bandage—all of which should
be done before putting a foot to the floor. At night, after
getting on the bed, remove the bandage, wash it with soap
and water, dry it with a towel, hang it unrolled over a chair,
and again cleanse the leg and ulcer. If these rules are not
strictly observed, the Martin bandage will produce pain, sup-
puration, and eczema of the leg.

Tubercular Ulcers (see p. 194).

Syphilitic Ulcers (see p. 250).

A healthy ulcer is covered with small, bright-red granu-
lations which do not bleed on touching, are painless, and
grow rapidly. The edges are soft and show the opalescent
blue line of proliferating epithelium. The sore is movable,
the discharge is purulent and yellow, and the parts about
are not inflamed.

Various Ulcers.—The fungous or exuberant ulcer is
produced by interference with the return of venous blood from
the part, and it is specially common after burns and other
injuries when cicatricial contraction causes venous obstruc-
tion. The granulations are large, deep red in color, bleed
when touched, form rapidly, and mount above the level of
the skin. The discharge from a fungous ulcer is profuse,
thin, and bloody. In the treatment of such an ulcer venous
return must be favored by bandaging and by clevation of
the part. If the edges are very thick, divide them in a num-
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ber of places. The superfluous granulations should be burnt
off with lunar caustic or cut off. Strapping with adhesive
plaster or the use of a rubber-bandage does good. The
sore can be dressed with europhen, aristol, or dry aseptic
gauze,

A varicose ulcer is an ulcer complicated by varicose
veins. It is usually single, is oval, round, or irregular in
outline, and is most often seen above the inner malleolus.
Its edges are thick, everted, and swollen. The swelling is
largely due to edema, and is found to pit on pressure. The
edges are not undermined, but slope gently to the floor of
the ulcer. The floor is usually covered with rather large
granulations which bleed freely on touching. In a varicose
ulcer the destruction of tissue often begins at the margin of
a congested area and advances toward the center. Such an
ulcer is usually surrounded by eczema. To aid the healing
of a varicose ulcer it is first of all necessary to favor the
return of venous blood from the part by position and
bandaging. Martin’s bandage is very useful. It may be
necessary to operate on the veins.

BErethistic, irritable, or painful ulcers, which are very
sensitive, are due to the exposure of nerve-filaments and
destruction of their sheaths. They are especially found near
the ankle, over the tibia, in the anus (fissure), or in the
matrix of the nail (ingrowing nail). Curetan erethistic ulcer,
and touch with pure carbolic acid or with the solid stick of
silver nitrate. Chloral, gr. xx to the ounce, allays the pain ;
so do cocain and eucain for a time. ‘

The indolent ulcer shows no tendency to heal. In such
an ulcer there is usually venous congestion from varicose
veins or from cardiac weakness. A great mass of scar-tissue
forms at the base and edges, which fastens the ulcer to bone
or fascia, so that the edges cannot contract. Healthy gran-
ulations cease to form. Varicose ulcers are apt to become
indolent. The edges of such an ulcer are thick, smooth,
immovable, and free from tenderness. Granulations are
entirely absent or there are seen here and there a few
unhealthy granulations. The discharge is thin, seropuru-
lent, and offensive. The parts about the ulcer are congested
and pigmented. The pigmentation is due to the fact that in
an area of chronic congestion numbers of red blood-cells have
been disintegrated. Such an ulcer is treated by making
incisions to loosen the base and edges, so that contraction
can take place, correcting the venous congestion by means
of position, the use of compression and cardiac stimulants,
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and the employment of stimulating applications to the ulcer
in order to increase the supply of arterial blood.

The callous ulcer is the most chronic form of indolent
ulcer and is sunken deeply below the level of the skin. Its
border is hard and knobby. Its floor shows no granula-
tions, and is either smooth and glistening or foul and liver-
colored. The discharge is thin and scanty, and the ulcer
varies little in appearance from week to week or even from
month to month. The treatment consists in scraping and
cauterization of the ulcer; cutting through the edges by
radiating incisions ; application of antiseptic dressings and a
firm bandage. In some cases strap thc ulcer. In severe
cases extirpate the ulcer and apply skin-grafts.

The hemorrhagic ulcer bleeds easily and profusely. Press-
ure must be applied, and it is sometimes necessary to cut
away or burn away the granulations.

Phagedenic Ulcer.—The phagedenic ulcer results from
the profound microbic infection of tissues debilitated by local
or constitutional disease, and is commonly venereal. This
ulcer has no granulations and is covered with sloughs ; its
edges are thin and undermined, and it spreads rapidly in all
directions. It requires the use of strong caustics or Paque-
lin’s cautery, followed by iodoform dressing and antiseptic
fomentations. Internally use tonics and stimulants.

The edematous ulcer may result from impediment to
the venous return or, as Nancrede points out, may be pro-
duced by the persistent use of poultices or wet dressings
upon any ulcer.! It is most often met with in tubercular
processes and is occasionally seen when varicose veins exist.
The granulations are large and pale, and are apt to bend
over like unsupported vines. The discharge is profuse and
seropurulent. The edges are softened and desquamating.
An edematous ulcer requires dry dressings, stimulation, and
compression.

A rodent or Jacob’s ulcer is a superficial epithelioma
developing from sebaceous glands, sweat-glands, or hair-
follicles. It requires scraping and cauterization, or, what is
better, excision.

Marjolin’s ulcer is an epithelioma arising from a chronic
ulcer.

Decubitus, or bed-sore, is due to pressure upon an area of
feeble circulation (p. 164). Itis really a condition of gangrene.

Neuroparalytic or trophic ulcer is due to impairment of
the trophic centers in the cord.

L Principles of Surgery.
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The perforating ulcer, as it was named by Vesigne, com-
monly affects the metatarsophalangeal joint or the pulp of
the great toe about a corn. The parts about the corn in-
flame, and pus forms and reaches into the bone. A sinus
evacuates the pus by the side of the corn. As this ulcer
may be present in anesthetic leprosy, in a paralyzed limb, and
tabes dorsalis, and as the part on which it occurs is apt to
be sweaty, cold, and more or less anesthetic, and as the sore
may be hereditary, it is usually set down as trophic in origin.
Treatment of a perforating ulcer consists, according to
Treves, in going to bed and poulticing. Every time a poul-
tice is removed the raised epithelium around the ulcer is cut
away and then the poultice is reapplied. In about two
weeks an ulcer remains surrounded by healthy tissue. Treves
treats this sore with glycerin made to a creamy consistency
with salicylic acid, to each ounce of which Mx of carbolic
acid have been added. He directs the patient to wear during
the rest of his life some form of bunion-plaster to keep off
pressure. Nerve-stretching has been recommended as the
proper treatment for perforating ulcer. If in a perforating
ulcer the bone is diseased, it must be removed. This ulcer
tends to recur in the same spot or in adjacent parts, and it
may be necessary to amputate the toe or the foot.

The scorbutic ulcer is covered with a dark-brown crust,
beneath which are pale and bleeding granulations. The
parts adjacent are of a violet color.

Epitheliomatous, sarcomatous, tubercular, and syphilitic
ulcers are considered under these respective diseases.

Fistula.—A fistula is an abnormal communication be-
tween the surface and an internal part of the body, or
between two natural cavities or canals. The first form is
seen in a rectal fistula, a urethral fistula, or a biliary fistula;
and the second form is seen in a vesicovaginal fistula. Fis-
tule may result from congenital defect, as when there is fail-
ure in the closure of the branchial clefts, and can arise from
sloughing, traumatism, and suppuration. Fistula are named
from their situation and communications.

A sinus is a tortuous track opening usually upon a free
surface and leading down into the cavity of an imperfectly
healed abscess. A sinus may be an unhealed portion of a
wound. Many sinuses are due to pus burrowing subcu-
taneously. A sinus fails to heal because of the presence of
some irritant fluid, as saliva, urine, or bile; because of the
existence of a foreign body, as dead bone, a bit of wood, a
bullet, a septic ligature, etc.; or because of rigidity of the
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sinus-walls, which rigidity will not permit collapse. Sinuses
may be maintained by want of rest (muscular movements)
and general ill-health. The walls of a tubercular sinus are
lined with a material identical with the pyogenic membrane
of a cold abscess.

Treatment.—In treating a fistula or a sinus, remove any
foreign body, lay the channel open, curet, brush with pure
carbolic acid, and pack with iodoform gauze. In obstinate
cases entirely extirpate the fibrous walls, sew the deeper
parts of the wound with buried catgut sutures, and approxi-
mate the skin-surfaces with interrupted sutures of silkworm-
gut. Fresh air is a necessity, and nutritious food and tonics
must be ordered.

VIIl. MORTIFICATION, GANGRENE, OR SPHACELUS.

Mortification, or gangrene, is death in mass of a portion of
the living body—the dead portions being large enough to be
visible—in contrast to ulceration, or molecular death, in
which the dead particles have been liquefied, cannot be
seen, and are cast away. When all the tissues of a part are
dead the process is spoken of as sphacelous. Gangrene is
in reality a form of necrosis, but clinically the term necrosis
is restricted to molar death of bone or to death of parts
below the surface ¢z masse. In gangrene a portion of tissue
dies because of anemia, and the dead portions may either
desiccate or putrefy. Gangrene may be due to tissue-injury,
either chemical or mechanical, to heat or cold, to failure of
the general health, to circulatory obstruction, to nerve-dis-
order, the nerves involved being the vasomotor or possibly
the trophic, or to microbic infection. A microhic poison can
directly destroy tissues. It can indirectly destroy them by
causing such inflammation that the products obstruct the
circulation, but gangrene can occur when no bacteria are
present. The essential cause of gangrene is that the tissues
are cut off from a due supply of nourishment, and cell-nutri-
tion is no longer possible. In other words, the essential
cause of gangrene is the cutting off of arterial blood. Nan-
crede says: “ Indeed, except when the traumatism physically
disintegrates tissues, as a stone is reduced to powder, heat
or strong acids physically destroy structure, or cold sus-
pends cellular nutrition so long that when this nutrition
becomes a physical possibility vital metabolism cannot be
resumed, gangrene always results from total deprivation of

pabulum.” !
Y Principles of Surgery.
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Classification.—Gangrene is divided into the following
three great groups:

(1) Dry gangrene, which is due to circulatory interference,
the arterial supply being decreased or cut off. The tissues
dry and mummify.

(2) Moist gangrene, which is due to interference not only
with arterial ingress, but also with venous return or capillary
circulation, the dead parts remaining moist.

(3) Microbic gangrene, arising from virulent bacteria. In
this form the bacterial process causes the gangrene, and is
not merely associated with it.

The above classification, if unqualified, suggests erroneous
ideas. It indicates that there is an essential difference
between dry gangrene and moist gangrene, which is not the
case. If when gangrene begins the tissues are free from
fluid, the patient develops dry gangrene; if they are full of
fluid, he develops moist gangrene. If the arterial supply is
gradually cut off, the tissues are sure to be free from fluid,
and the gangrene will certainly be of the dry form. If arte-
rial blood is suddenly cut off, the gangrene may be dry
or moist, according as to whether the tissues are or are not
drained of fluid. When gangrene results from inflammation,
strangulation, and infection, it is certain to be of the moist
variety, because the tissues are sure to be filled with fluid.

Nancrede says, in his very valuable work on the Prin-
aples of Surgery : *“ Yet, let accidental inflammation have
preceded the final blocking of an artery, or let ligation of
the main artery cause gangrene because the collateral circu-
lation cannot become developed, and if an aneurysmal sac is
so situated as to interfere with a free return of venous blood
and lymph, this anemic gangrene will in both instances
prove moist and not dry.”

There are many gangrenous processes which belong under
one or other of the above heads, namely: congenital gan-
grene, a rare form existing at birth; constitutional gangrene,
arising from a constitutional cause, as diabetes; cutancous
gangrene, which is limited to skin and subcutaneous tissue,
as in phlegmonous erysipelas; gascous or cmphysematous
gangrene, in which the subcutaneous tissues are filled with
putrefactive gases and crackle on pressure; hospital gan-
grene, which is defined by Foster as specific serpiginous ne-
crosis, the tissues being pulpefied: some consider it a trau-
matic diphtheria; co/d gangrene, a form in which the parts
are entirely dead (sphacelus); /of gangrene, which is asso-
ciated with inflammation, as shown by heat; dermatitis gan-
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grenosa infantum, or the multiple cachectic gangrene of
Simon; idiopathic gangrene, which has no ascertainable
cause ; muxed, which is partly dry and partly moist ; primary,
in which the death of the part is direct, as from a burn;
secondary, which follows an acute inflammation ; multiple, as
gangrenous herpes zoster; diabetic or glycemic gangrene,
which arises during the existence of diabetes; gangrenous
ecthyma, a gangrenous condition of ecthyma ulcers ; pressure,
which is due to long compression; purpuric or scorbutic,
which is due to scurvy ; Rayraud’s or idiopathic symmetrical,
which is due to vascular spasm from nerve-disorder; senide,
the dry gangrene of the aged; wenous or static, which is due
to obstruction of circulation, as in a strangulated hernia;
trophic, which is due to nutritive failure by reason of disorder
of the trophic nerves or centers; thrombotic, which is due to
thrombus ; embolic, which is due to embolus; and decubitus,
decubital gangrene, or bed-sores due to pressure.

Dry gangrene arises from deficiency of arterial blood.
For this reason Nancrede calls it anemic gangrene.

This form of gangrene is far more apt to result from the
gradual than from the sudden cutting off of the supply of
arterial blood, and is more common if the blood-vessels are
atheromatous than if they are healthy ; but even in a person
with healthy arteries gangrene will ensue upon blocking of
the main artery, if the collaterals fail to supply the part with
blood. This form of gangrene can occur after laceration,
ligation, or the lodgement of a thrombus in the main
artery of a limb; but in such cases considerable fluid usually
remains in the tissues and the gangrene is apt to be moist
rather than dry.

Obstruction due to thrombus is not unusual in the diseased
arteries of the aged, and such obstruction generally results in
dry gangrene. An embolus may cause dry gangrene in rare
instances. If it does so, it is probable that the blocking was
not at once complete. When an embolus lodges in an artery
and causcs dry gangrene, the case runs the following course :
sudden severe pain at the seat of impaction, and also tender-
ness; pulsation above, but not below, this point, after ob-
struction has become complete ; the limb below the obstruc-
tion is blanched, cold, and anesthetic; within forty-eight
hours, as a rule, the area of gangrene is widespread and
clearly evident; the limb becomes reddish, greenish, blue,
and then black; the skin becomes shrivelled and its outer
layer stony or like horn because of evaporation. The entire
part may become dry; but usually there are spots where
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some fluid remains, and these spots are soft and moist, and
the dead tissue, where it joins the living, is sure to be moist.
The moist areas become foul and putrid, but the dry spots
do not. In dry gangrene, at the point of contact of the
dead and living tissues, inflammation arises in the latter
structures, a bright-red line forms, and exudation and
ulceration take place. This line of ulceration in the sound
tissues is called the “line of demarcation.” It is Nature's
effort at amputation, and in time may get rid of a large por-
tion of a limb, and then heal as any other ulcer. A line of
demarcation rarely causes hemorrhage, because it ulcerates
through a vessel only after inflammation has caused occlu-
sion by thrombosis. In dry gangrene from arterial obstruc-
tion there are gastro-intestinal derangement and some fever.
The gangrene does not extend up to the point of obstruc-
tion, but only to a region in which the anastomotic circula-
tion is sufficiently active to permit of the formation of a line
of demarcation. Below this point inflammatory stasis arises,
but before this can go on to ulceration the parts die. In
cases where the arterial obstruction is sudden and complete
the limb swells decidedly. This is due to the sudden loss
of vis @ tergo in the arterial system, venous reflux occurring
and fluids transuding. In such a case the tissues contain
fluid and putrefy, and the process, though due to the cutting
off of the arterial circulation, is moist gangrene. Dry gan-
grene attacks the leg more often than the arm. Thrombus
in an artery rarely causes gangrene except in the aged, as
the collateral circulation has time to adjust itself; but gan-
grene may follow thrombus, and when it does it comes on
more slowly than does gangrene from embolus, and is certain
to be of the dry form.

Treatment of Non-senile Dry Gangrene—When injury of
a healthy artery causes us to fear dry gangrene the patient
should be placed in bed and the part elevated a little, kept
wrapped in cotton-wool and warmed with hot bottles or
hot water-bags. The dying part is dressed antiseptically,
and the surgeon sees to it that the patient gets plenty of
sleep and nourishment. It is advisable to give tonics and
stimulants. Wait for a line of demarcation and amputate
well above it.

Senile gangrene, chronic gangrene, Pott's gangrene
(Fig. 47), is a form of gangrene due to feeble action of the
heart plus obliterating endarteritis or atheroma of peripheral
vessels. The vessels do not properly carry blood, and may
at any time be occluded by thrombosis. In a drunkard, or
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in a victim of syphilis or tubercle, the changes supposed to
characterize old age may appear while a man is young in
years. It was long ago said, with truth, “a man is as old as

F1G. 47.—Senile gangrene of the feet (Gross).

his arteries.” Senile gangrene most often occurs in a toe
or the foot.

Symptoms.—A man whose vessels are in the state above
indicated is generally in feeble health and has a fatty heart
and an arcus senilis (a red or white line of fatty degeneration
around the cornea). His toes and feet feel cold and numb,
and they “go to sleep” very easily, and he suffers from
cramp of the legs and feet. He is dyspeptic and short of
breath, and his urine is frequently albuminous. The arte-
ries are felt as rigid tubes, like pipe-stems. He is in danger
of edema of the lungs and of dry gangrene of the toes. A
slight injury of a toe, for instance, cutting a corn too close,
will produce extensive inflammatory stasis followed by
thrombosis, which completely cuts off the blood-supply and
causes gangrene of the part. Gangrene is usually announced
by the appearance of a purple and ancsthetic spot, followed
by a vesicle which ruptures and liberates a small amount of
bloody serum and exposcs a dry floor. In the parts about
the gangrenous area there is often burning pain.  The tissues
immediately adjacent to the dead spot are in a condition of
edema and stasis, the parts being purple, the color disap-
pearing slowly under pressure and returning slowly when
pressure is removed.  The parts a little further removed are
edematous and hyperemic, the color disappearing rapidly
on pressure and returning rapidly when pressure is removed.
The dead parts do not putrefy at all or do so but slightly,
hence the odor is never very offensive and is usually trivial.
They are anesthetic, hard, leathery, and wrinkled, and




SENILE GANGRENE. 155

resemble a varnished anatomical specimen or the extremity
of a mummy (hence the term mummification). Before the
line of demarcation forms there is burning pain; after
it forms pain is rarely present. If embolism or thrombus in
a diseased vessel caused the gangrene, the pain is severe. In
senile gangrene the periphery is always dry, the part nearer
the body being generally somewhat moist. The process
may be very limited or it may spread up to the knee. As it
spreads the area of hyperemia advances at the margin, the
area of stasis follows, and the zone of gangrene becomes
more extensive. When tissues are reached the blood-supply
of which is sufficiently good to permit of inflammation,
Nature tries to limit the gangrene by the formation of a line
of demarcation. A line of demarcation may begin, but prove
abortive, the tissue mortifying above it. This proves that
tissue near the line is in a state of low vitality. Whena
limited area is gangrenous constitutional symptoms are
trivial or absent, but when a large area is involved the
fever of septic absorption exists. Death may ensue from ex-
haustion caused by sleeplessness and pain, from septic
absorption, or from embolism of internal organs. In many
cases of senile gangrene thrombosis arises in the superficial
femoral artery or its branches (Heidenhain), an observation
it is important to bear in mind when amputating. '

Prevention of Senile Gangrene in the Predisposed—We
should caution such a patient to avoid injuring his toes and
feet. Cutting his corns carelessly is highly dangerous,
and any wound, however slight, requires rest and anti-
septic dressing. The victim of general atheroma must wear
woollen stockings, put a hot-water bag to his feet on
cold nights, and attend to his general health. A little
whiskey after each meal is indicated, and occasional courses
of nitroglycerin are desirable.

Treatment of Scnile Gangrene.—When gangrene occurs,
if it is limited to one toe or a portion of several toes, if it is a
first attack, if there is no fever or exhausting diarrhea, if there
is no tendency to pulmonary congestion, if the appetite is
fair and sleep refreshing, it is best to avoid radical inter-
ference. Await the formation of a line of demarcation.
While awaiting the line of demarcation dress the part anti-
septically and raise the foot several inches from the bed;
apply warmth, give the patient nourishing diet, stimulants,
and tonics ; see to it that he sleeps, and during the spread of
the gangrene watch for fever, diarrhea, pulmonary congestion,
and kidney-failure. When a line of demarcation forms, dress
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with antiseptic fomentations and iodoform, and every day
pick away dead bits with the scissors and forceps. In many
cases healing will occur; but even when the parts heal the
patient will always be in deadly peril of another attack. If
the gangrene shows a tendency to spread, if it involves more
than a portion of several toes, if it is not a first attack, if there
is sleeplessness, fever, exhausting diarrhea, absent appetite,
or a strong tendency to pulmonary congestion, do not delay,
but at once amputate high up. If the gangrene shows no
tendency to limit itself, or if the patient develops sepsis or
exhaustion, at once amputate high up. The best point at
which to amputate is above the knee, so that the deep
femoral artery, which rarely becomes atheromatous, will
nourish the flap. Never amputate below the tubercle of the
tibia. Some operators disarticulate at the knee-joint. Heiden-
hain affirms that so long as the gangrene is limited to one or
two toes we should merely treat it antiseptically, elevate the
limb, and wait for the dead part to be cast off spontaneously ;
if, however, it extends to the dorsum or sole of the foot, we
should amputate at once above the knee. He further states
that gangrene of the flaps almost always occurs in amputa-
tion below the knee, and high amputation is indicated in
advancing gangrene with or without fever! When amputa-
tion has been performed and the Esmarch band has been
removed and no arterial bleeding takes place from the
superficial femoral artery, a clot is lodged in that vesscl.
If such a condition exist, insert into the artery a fine rubber
catheter or a filiform bougie and break up the clot. When
blood flows we are sure that the clot has been washed out.?

In moist or acute gangrene (Fig. 48) the dead part re-
mains moist and putrefies As Nancrede points out, there
are two forms of moist gangrene: * that limited to the areas
actually killed by a traumatism, with some surrounding tissue
which dies,” and “that which tends to spread widely, this
latter usually being caused by specific micro-organisms, an
intense, widespread, pyogenic inflammation resulting, in-
volving the subcutaneous and intermuscular cellular planes,
by strangulation of the vessels of which all blood-supply to
the remaining soft parts is destroyed.””® In a case of
gangrene the parts remain moist, either because the main
artery has become suddenly blocked, and the tissue-fluids
are unable to flow out of the limb, or because the main vein

Y Deutsche medicinische Wochenschrift, 1891, p. 1087.
? Severeanu.  See Mancozet's report before the second Pan-American
Medical Congress. 3 Nancrede's Principles of Surgery.



MOIST GANGRENE FROM INFLAMMATION. 157

is blocked. It may arise in a limb after ligation, obstruction,
or destruction of its main artery, main vein, or both ; after
long constriction, as by a tight bandage; after crushes and
lacerated wounds; and after thrombosis of the vein. Moist
gangrene may follow acute inflammation, or may be due to

F1G. 48.—Acute gangrene (Gross).

local constriction (strangulated hernia), crushing, chemical
irritants, heat, and cold.

Moist gangrene of a limb is seen typically when both
vein and artery are constricted, damaged, or destroyed. The
leg swells greatly and is pulseless below the obstruction ; the
skin, at first pale, cold, and anesthetic, becomes livid, mot-
tled, or purple or greenish, and is raised into blebs which
contain a reddish or brown fluid. ‘“These blebs, being
caused by the accumulation of serum beneath epithelium
which has lost its vital connection with the derm, can be
slipped around upon the surrounding true skin, the epithe-
lium readily separating for long distances around, as in a
cadaver” (Nancrede). The extremity swells enormously,
there is pain at the seat of obstruction, and sapremic symp-
toms quickly develop. The bulle break and disclose the
brown derm and sometimes the deeper structures, which are
swollen and edematous. The fetor is horrible. The sapro-
phytic organisms may lead to the formation of gas, and if
the gas is retained in the tissues pressure with the finger will
develop a sensation of crackling. This condition is known
as emphysema. A line of demarcation soon forms,

Moist gangrene from inflammation is duc to pressure of
the exudate cutting off the blood-supply, or to loss of blood-
circulation because of microbic involvement of vessels and
clotting of blood. It occurs in phlegmonous erysipclas.
When an inflammation is about to terminate in gangrene all
the signs of inflammation, local and constitutional, increase ;
when gangrene occurs they cease, bulle and emphysema are
noted, with great swelling and all the other symptoms of
molar death. The sudden cessation of pain is very suggestive
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of gangrene. The constitutional symptoms are those of sup-
purative fever and sapremia, or possibly of septic infection.

When a wound becomes gangrenous the surface looks
like yellow or gray tow, the discharge becomes profuse and
very fetid, and the parts about swell enormously and gradu-
ally become gangrenous.

Treatment of Moist Gangrene—In extensive moist gan-
grene of a limb wait for a line of demarcation, and amputate
clear of and above it. While waiting for the line to form
dress the dead parts antiseptically, wrap the extremity in
cotton, apply heat, and slightly elevate the limb. Give opium,
tonics, nourishing food, and stimulants. In inflammatory
gangrene relieve tension by incisions and then cut away the
dead parts, brush the raw surface with pure carbolic acid,
dust with iodoform, and dress with hot antiseptic fomenta-
tions. Stimulate freely and feed well. A gangrenous wound
is treated as pointed out in the section on Sloughing.

Acute microbic gangrene, fulminating gangrene, gan-
grenous emphysema, gangrene foudroyante, or traumatic
spreading gangrene, results from a virulent infection of a
wound. The condition may be due to a mixed infection
with virulent streptococci and organisms of putrefaction ; or
to infection with the bacilli of malignant edema, and putre-
factive organisms. Some cases are due to the bacillus of
malignant edema alone; some are due to the bacillus aéro-
genes capsulatus of Welch and Flexner. The injury is usually
severe—often a crush which destroys the main artery and
renders an anastomotic circulation impossible. In such severe
accidents the limb is much swollen and the pulse below the
seat of injury is imperceptible, and the surgeon is often at
this time uncertain whether to amputate at once or wait. In
some cases traumatic spreading gangrene arises after trivial
injuries. This form of gangrene is commonest after com-
pound fractures, and begins within forty-eight hours of the
accident. The extremity becomes enormously swollen from
edema. The gangrene does not begin at the periphery, as
does ordinary moist gangrene, but at the wound-edgcs,
which turn red, green, and finally black ; the extremity soon
undergoes a like change and becomes mortified. The skin
peels off, emphysematous crackling, due to gas formed and
retained in the tissues, can be detected over large areas, and
the extremity becomes anesthetic and pulpy. The gangrene
spreads up and down from thc wound, and red lines, due
to lymphangitis, run from above the wound. The adjacent
lymph-glands swell, and in thirty-six hours the gangrene
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may involve an entire limb. No line of demarcation forms.
The system is soon overwhelmed with ptomains, and the
patient suffers from septic intoxication, and often passes into
profound collapse with subnormal temperature. Traumatic
spreading gangrene must not be confused with erysipelas.
In erysipelas the color is red, pressure instantly drives it out,
and on the release of pressure it at once returns. In early
gangrene the color is purple, pressure fails to drive it out at
all or only does so very slowly, and if the surface is blanched
by pressure, on the release of pressure the color crawls
slowly back.

Treatment—In treating traumatic spreading gangrene a
line of demarcation need not be waited for, as none can form.
Amputation should at once be performed high up, the flaps
are brushed with pure carbolic acid, and stimulants must be
given in large amount.

Hospital gangrene or sloughing phagedena is a disease
that has practically disappeared from civilized communities.
It formerly occurred in crowded, ill-ventilated hospitals.
Some consider it traumatic diphtheria. Koch thinks it is
due to streptococci. Jonathan Hutchinson says, ““ hospital
gangrene is set up by admitting to the wards a case of
syphilitic phagedena.” It may show itself as a diphtheritic
condition of a wound, as a process in which sloughs which
look like masses of tow form, or as a phagedenic ulcera-
tion. The surrounding parts are inflamed and painful, and
buboes form in adjacent lymphatic glands. The system
passes into a low septic state.

Treatment.—In treating hospital gangrene ether should be
given, the large sloughs removed with scissors and forceps,
the parts dried with cotton and cauterized with bromin. The
surgeon should take a tumblerful of water and into it pour
the bromin, which will fall to the bottom of the glass. The
drug can be drawn up with a syringe and injected into the
depths of the wound. The wound should be plentifully
sprinkled with iodoform and dressed with hot antiseptic
fomentations. When the sloughs separate the sore can be
treated as an ordinary ulcer. The constitutional treatment
is that employed for sepsis. If a limb is hopelessly damaged
by this form of gangrene, wait for a line of demarcation and
amputate.

Special Forms of Gangrene.—Symmetrical or Ray-
naud’s gangrene arises in severe cases of Raynaud’s disease.
Itis a dry gangrene. Raynaud's disease, a vasomotor ncu-
rosis seen in children and young adults, is characterized by
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attacks of cold, dead bloodlessness in the fingers or toes as a
result of exposure to cold or of emotional excitement (local
syncope). In the more severe cases there are capillary con-
gestion and livid swelling (local asphyxia). A chilblain is
anarea of local asphyxia. In Raynaud’s disease the patient
complains of pain, tingling, and stiffness in the affected parts.
Attacks of Raynaud’s disease occur again and again, are
often accompanied by hemoglobinuria, and may never
eventuate in gangrene. The pathology is uncertain. Local
syncope is thought to be due to vascular spasm, and local
asphyxia to some contraction of the arterioles, with dilatation
of the capillaries and venules. It is after local asphyxia that
gangrene may appear.

Raynaud’s gangrene is most commonly met with upon
the ends of the fingers or the toes, but it may attack the
lobes of the ears, the tip of the nose, or the skin of the arms
or the legs. Sometimes the disease is seen upon the trunk.
When gangrene is about to occur the local asphyxia at
that point deepens, anesthesia becomes complete, and the
part blackens and feels cold to the touch. The epidermis
raises into blebs, which rupture and expose dry surfaces.
A line of demarcation forms, and the necrosed area is
removed as a slough. Widespread gangrene from Raynaud’s
disease is rare; there is not often a large area involved—
rather a small superficial portion.

Treatment of Raynaud's Discase—~When attacks of Ray-
naud’s disease are so severe as to threaten gangrene, put the
patient to bed; if the feet are affected, elevate the legs
slightly, wrap the extremities in cotton-wool, and apply heat.
If the hands are affected, wrap them in cotton-wool, elevate
them slightly, and apply heat. Massage is useful. When
gangrene occurs, dress the part antiseptically until a line of
demarcation forms, and then remove the dead parts by
scissors, forceps, and antiseptic fomentations. If amputation
becomes necessary, which will rarely be the case, wait for
a line of demarcation.

Diabetic gangrene resembles in many points senile gan-
grene, but the dead portions remain somewhat moist and
putrefy. Some attribute it directly to sugar in the blood.
Some think the tissues are simply less resistant to infection.
Many hold that it is of neurotic origin. Heidelhain be-
lieves that it is due to arterial sclerosis. Diabetic gangrene
is most usually met with upon the feet and legs of elderly
people, but it may arise at any age and may attack the gen-
ital organs, thigh, lung, buttock, eye, back, finger, or neck.
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It may affect only a single area, may attack several areas,
or may be symmetrical. It may arise in any stage of
diabetes from the earliest to the latest. It may begin as a
perforating ulcer. As in senile gangrene, a trivial injury is
apt to be the exciting cause, but it may arise without any
antecedent injury. When the gangrene follows a traumatism
there are no prodromic symptoms. When it arises spon-
taneously in the skin it is often preceded by pain of a
neuralgic nature and attacks of “livid or violaceous dis-
coloration of the skin, with lowered surface-temperature and
sometimes loss of sensation” (Elliot). Diabetic gangrene is
often superficial, but may become deep if it follows an injury
or ulcer. The gangrenous area is somewhat moist as a rule,
but may be dry. The parts about are livid and may be
covered with vesicles. It spreads slowly, but more rapidly
than senile gangrene. There is little tendency to the forma-
tion of any line of demarcation, although occasionally spon-
taneous healing occurs. Surgeons. have become shy of
amputating in such cases, but the experience of Kuster, of
Berlin, proves conclusively that an amputation should be
performed at once in diabetic gangrene of the leg, and
should be done above the knee. If operation is performed
below the knee, the flaps will become gangrenous. It has
been noted that sugar will sometimes disappear from the
urine after an amputation. Of 11 amputations by Kuster,
6 recovered and 5 died; and of these 5, 3 had albumin in
the urine as well as sugar.!

Heidelhain warmly advocates early high amputation, with
the making of short flaps. When the patient dies after
operation, he usually does so in coma. In any case after
operation, treat the diabetes by means of drugs and diet.
If amputation is refused or if the gangrene is not upon an
extremity, treat the gangrenous area by hot antiseptic
fomentations, the daily removal of portions of dead tissue,
the administration of antidiabetic drugs, and the use of suitable
articles of diet. Never fail to examine the urine in every case
of gangrene, for diabetes might be present when it had not
been suspected. Surgical operations upon diabetics are, of
course, very dangerous, and are only advised in emergencies,
because the wound is apt to slough and coma may arise.

Gangrene from ergotism is a peripheral dry gangrene
arising from tonic vascular contraction produced by the
ergot in bread made from diseased rye. The gangrene is

! See the convincing article of Charles A. Powers, in Amer.
Scirmees, Now vt i80, 5 mer. Journal of Med.

11



Gaz:grene from Froet-tite.—Frosttoc = oot o=

-
$m the frzers, toes Nose, and ears, but the Zemiizl orTets

feenanas e feet and Land the kamos o
arms may oe attzexed (old causes a p"m P eenmzas
f the esess and rard numbness o the part .c'

reaction e Veals Coat e, the part reccens ard swells and
a r,.,,',..'.:; ser-zlon or actual pain is experxncec. I- a
triv:al frost-hite the swelling and recrness uscally Gsaprear
altor a fow cays, but in some cases the redness 15 permarent,
ardin many cases the redress returns uncer the mitence
of <livht coid (see Chilblzins.
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)

¥ Pick, in Heath's Surgical Dictionary.
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wool. A sufferer from frost-bite should not suddenly be
brought into a warm room. When gangrene follows, if only
small areas be involved, allow the dead part to come away
spontaneously, applying in the meanwhile hot antiseptic
fomentations. If separation be delayed by cartilage, liga-
ment, or bone, cut through the retaining structure. If ampu-
tation becomes necessary, await a line of demarcation, as it
is not possible to be certain how high tissue-damage extends,
and to amputate through devitalized parts would mean
renewed gangrene.

Noma, or cancrum oris, is a condition beginning as a
sloughing ulcer on the gums or cheeks; it produces throm-
bosis and gangrene. It affects young children who live
amid filth and squalor or who are convalescing from acute
fevers. This disease may destroy large portions of the
cheeks and jaws. The constitu- .
tional symptoms are diarrhea, fever,
and great exhaustion. Death is the
usual result, due frequently to septic
bronchopneumonia (Bowlby). Lin-
gard has found a bacillus which he
believes is causative of noma, but
most observers consider pus organ-
isms as causative.

The treatment of noma consists
in destruction of the diseased tissue
by nitric acid or the actual cautery,
the use, locally and often, of peroxid
of hydrogen and antiseptic washes,
and, internally, the employment of
nutritious food, stimulants, and ton-
ics. After arrest of the gangrene a
plastic operation may be required.

Sloughing is a process by which
visible portions of dead tissue are
separated. These visible portions
are called “sloughs;” if they were
large, they would be called * gan-
grenous masses.” A large septic
slough is a gangrenous mass; a
small gangrenous mass is a slough;
there is no difference in the process,
which corresponds to the formation of a line of demarcation.
Sloughing requires thorough and frequent irrigation with an
antiseptic fluid, removal of the sloughs, and antiseptic treat-

F1G. 42.—l mprovised apparatus for
the irrigation of a wound.
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ment. An irrigator can be improvised from an ordinary
bottle (Fig. 49). Antiseptic fomentations are applied until
granulation is well advanced. In some cases continuous
irrigation with a hot antiseptic fluid is useful; in other
cases continued immersion in a hot antiseptic solution is
employed.

Phagedena is a process (most common in a venereal
sore) in which the surrounding tissues are rapidly eaten up,
the sore becoming jagged and irregular, with a sloughy base
and thin edges; the discharge becoming thin and reddish,
and the encircling tissues becoming deeply congested. This
ulcer has no tendency to heal. It is due to a specific poison
which has not yet been isolated. Noma vulve is a form of
phagedena which attacks the genitals of little girls who are
unhealthy, dirty, or convalescent from a specific fever.

The treatment of phagedena consists in repeated touch-
ing with tincture of chlorid of iron and the local use of
iodoform, the employment of continued irrigation or immer-
sion in hot antiseptic fluids, or the application of the cautery,
chemical or actual. After using the cautery the part is
dressed with hot antiseptic fomentations. Whatever else is
done, tonics, stimulants, and nutritious diet must be given.

Decubitus, Decubital Gangrene, or Bed-sore.—A
bed-sore is the result of local failure of nutrition in a person
whose tissues are in a state of low vitality from age, disease,
or from injury. The arterial condition of the aged favors the
development of bed-sores. Such sores are due to pressure,
aided it may be by some slight injury or by the irritation of
urine, feces, sweat, crumbs or other foreign bodies in the bed
or by wrinkling of the sheets. The pressure destroys vas-
cular tone, stasis results, thrombosis occurs, and gangrene
follows. In some cases, after pressure is removed there are
stasis, vesication, suppuration, and the formation of an ugly
ulcer, surrounded by a zone of swelling and hyperemia.
These ordinary pressure-sores arise like splint-sores due to
the pressure of a splint upon the tissues over a bony promi-
nence. They occur over the heels, elbows, scapul®, tro-
chanters, sacrum, and nucha. The pressure interferes with
the blood-supply, the weakened tissues inflame, vesication
occurs, sloughs form, and an ugly ulcer is exposed. When
a bed-sore is about to form the skin becomes red and
edematous. Pressure with the finger drives the color out
rather slowly. The color becomes purple or black, a slough
forms and scparates, and a large, irregular, foul cavity is
exposed. The discharge is profuse and offensive. The
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parts about are swollen and red. If the sore is not upon an
ancsthetic part, much suffering is produced by it. Bed-
sores are most common in paralyzed parts; such parts are
anesthetic, and injurious pressure is not painful and does not
attract attention, and in such parts there is vaso-motor
paresis.

The acute bed-sores of Charcot are seen during certain dis-
eases and after some injuries of the nervous system. These
sores are usual over the sacrum in acute myelitis, and may
appear in four or five days after the beginning of a disease
or the infliction of an injury. The surgeon sees acute bed-
sores upon the buttock of the paralyzed side after brain-
injuries, and over the sacrum in spinal injuries. Some be-
lieve these sores are due to vaso-motor disorder ; but others,
notably Charcot, attribute them to disturbance of the trophic
nerves or centers.

Treatment of Bed-sores.—The “ounce of prevention”
is here invaluable. From time to time, if possible, alter the
position of the patient, keep him clean, maintain the blood-
distribution to the skin by frequent rubbing with alcohol
and a towel, keep the sheet clean and smooth, and in some
situations use a ring-shaped air-cushion to keep pressure
from the part. When congestion appears (paratrimma, or
beginning sore), at once use an air-cushion or a water-bed
and redouble the care to frequently change the position of
the patient. Not only protect, but also harden, the skin.
Wash the part twice daily and apply spirits of camphor or
glycerol of tannin ; or rub with salt and whiskey (3ij to Oj);
or apply a mixture of 3ss of powdered alum, f3ij of tincture
of camphor, and the whites of four eggs; or paint with
corrosive sublimate and alcohol (gr. ij to 3j); or apply tan-
nate of lead or equal parts of oil of copaiba and castor oil ; or
paint on a protective coat of flexible collodion.

When the skin seems on the verge of breaking, paint it
with a solution of nitrate of silver (gr. xx to 3j). When
the skin breaks, a good plan of treatment is to touch once
a day with silver solution (gr. x to 3j) and cover with zinc-
ichthyol gelatin. We can wash the sores daily with 1 : 2000
corrosive-sublimate solution, dust with iodoform, and cover
with soap plaster, with lint spread with zinc ointment, or with
dry aseptic gauze. When sloughs form, cut most of them off
with scissors after cleaning the parts, slit up sinuses, and use
antiseptic fomentations. In sloughing Dupuytren employed
pieces of lint wet with lime-juice and dusted the sore with
cinchona and charcoal. In obstinate cases use the continu-
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ous hot bath or the ice poultice. When the sloughs sepa-
rate, dress antiseptically or with equal parts of resin cerate
and balsam of Peru. If healing is slow, touch occasionally
with silver solution (gr. x to 3j). Bed-sores, being expressive
of lowered vitality, demand that the patient shall be stimu-
lated, shall be well nourished, and shall sleep soundly.

Ludwig’s Angina (Angina Ludovici).—This disease is a
streptococcus infection about the submaxillary gland and
the cellular tissue beneath the mucous membrane of the
floor of the mouth and of the upper portion of the neck.
The inflammation eventuates in suppuration and gangrene.
The disease arises as a painful swelling in the neighborhood
of the submaxillary gland. The swelling rapidly increases,
involves the neck and floor of the mouth, causes great dif-
ficulty in opening the mouth and in swallowing, and may
lead to edema of the glottis.! The constitutional symptoms
are those of septicemia or pyemia. The disease may arise
in an apparently healthy man or during or after an infectious
fever.

Treatment.—At once incise below the body of the lower
jaw, open the submaxillary space, cut away gangrenous tis-
sue, paint with pure carbolic acid, pack with iodoform gauze,
and apply hot antiseptic fomentations. The constitutional
treatment is that of septicemia.

Postfebrile Gangrene.—Dry or moist gangrene may
follow any fever, but is most frequent after typhoid (may
follow typhus, influenza, measles, scarlet fever, etc.). Keen
tells us that the gangrene resulting from arterial obstruction
is apt to be dry, and that from venous obstruction is usually
moist. The same observer has collected 203 cases? It is
most usual in the lower extremities, but may appear in the
upper extremities, cheeks, ears, nose, genitals, lungs, etc.
Some writers have assigned as the cause weakness of cardiac
action, but most observers believe an obstructing clot is the
usual cause. This clot may come from the heart, but is
usually secondary to endarteritis due to the action of the
toxins of the bacilli of the specific fever. Keen shows that
in some cases gangrene is due to obstruction of peripheral
vessels and not of a main trunk. Gangrene most often
appears late in the course of the fever, and may begin as
early as the fourteenth day of the typhoid, but may arise far
into convalescence. In rare cases gangrene arises after
thrombophlebitis. In the course of a continued fever frequent

Y Tillmann’s 7ext-book of Surgery, translated by B. T. Tilton.
? Keen, on the Surgical Complications and Sequels of Typhoid Fever.
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examinations should be made to see that gangrene is not
arising. Keen says particular examination from time to time
should be made of the lower extremities, and in young girls,
of the genitals. If gangrene arises in an extremity, apply
antiseptic dressings, wait for a line of demarcation, and then
amputate. If gangrene occurs in other regions, remove the
dead tissue and employ hot antiseptic fomentations.

Rules when to Amputate for Gangrene.—In dry
gangrene, due to obstruction of a non-diseased artery, wait
for a line of demarcation. In senile gangrene, if it affect
only one or two toes, let the dead parts be cast off sponta-
neously. If a greater area is involved or the process
spreads, amputate above the knée without waiting for the
line. In ordinary moist gangrene wait for a line of demar-
cation. In traumatic spreading gangrene amputate at once.
In fospital gangrene and in Raynaud’s gangrene wait for a
line of demarcation. In diabetic gangrene amputate at once,
high up. In ¢rgot gangrene, in postfebrile gangrene, and in
JSrost gangrene wait for a line of demarcation.

IX. THROMBOSIS AND EMBOLISM.

Thrombosis is the antemortem coagulation of blood in
the heart or in a vessel, the coagulum remaining at its point
of origin and plugging up the vessel partially or completely.
The process is known as thrombosis; the clot is called the
thrombus. This process is an essential part in the arrest of
hemorrhage; it occurs in phlebitis and
arteritis, and affords a frequent basis for
embolism. Thrombi may form in the
veins, in the arteries, and in the heart.
Clotting is due to destruction of white
blood-cells, fibrin-ferment being set free,
causing the union of calcium and fibrin-
ogen and thus forming fibrin. Throm-
bosis is more common in the veins than
in the arteries, the slow blood-current
and the existence of valves favoring the
deposit, though not causing it. A throm-
bus forms gradually, being deposited
layer by layer, hence it is stratified or )
laminated. Fig. 50 shows a thrombus F;f;,ﬁ‘,’;,’;’l"{:i':}(’&’,;:n;"“
in a vein. All thrombi are either septic
or aseptic, and they are also spoken of as fibrinous, red, he-
mostatic, leukocytic, etc.
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Causes of Thrombosis.—The essential cause of all intra-
vascular thrombi is damage to the endothelial coat. Any
condition which causes the blood to contain an excess of
fibrin-forming elements favors thrombosis, in the sense that
a slight injury of the vascular endothelium will be followed
by clot formation. Among conditions favoring thrombosis
we must note particularly slowing of circulation, however
caused. Among special favoring conditions are retarded
circulation in tuberculosis, influenza, and fevers, the blood
clotting behind the vein-valves after the endothelium has
been damaged by toxins ; inflammations; the pressure of a
bandage or of a splint; varicose veins; ligation of a vessel;
injuries of a vessel; foreign bodies in a vessel; atheroma in
arteries ; sutures in a vessel; certain diseases, such as gout,
typhoid fever, pregnancy, and septic processes; phlebitis
or arteritis arising in the vessel or from extension of sur-
rounding inflammation; and entrance of specific organ-
isms.

It has been asserted that so long as the endothelium of a
vessel is uninjured a clot does not form. Slowing of the
blood-current in aseptic conditions, it is now taught, will
not cause thrombosis. One of the functions of the endo-
thelial coat is to keep the blood fluid by preventing corpus-
cular disintegration. A thrombus can form only when fibrin-
ferment is set free, and fibrin-ferment can be set free only
when white corpuscles disintegrate. When moving blood
coagulates, the third corpuscles first settle out, and then the
leukocytes. This is known as the white or ** antemortem "
thrombus—the clot of moving blood. Thrombi from moving
blood are rarely pure white: they contain some red cor-
puscles, forming mixed thrombi. The red thrombus plugs
vessels which are cut across or ligated; it also occurs in
septic processes, and is formed after death. A thrombus
soon undergoes a change. An aseptic clot is usually * or-
ganized,” that is, absorbed and replaced by fibrous tissue.
The walls of the injured vessel become filled with leukocytes,
leukocytes invade the clot, the endothelium proliferates, and
the young cells follow the colonies of leukocytes into the
thrombus. The thrombus is gradually removed by leuko-
cytes and replaced by fibroblasts, the new tissue is vascu-
larized and becomes granulation-tissue, the granulation-tissue
is converted into fibrous tissue, and the fibrous tissue con-
tracts. Insome rare instances a thrombus is implanted on the
wall of the vessel, and the tube is not permanently occluded.
In most instances the vesscl is converted into a narrow cord of
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fibrous tissue. A thrombus may degenerate and break down
(fatty degeneration), giving rise to em-
boli or undergoing calcification. A cal-
cified thrombus in a vein is known as a
phlebolith. An infected thrombus may
undergo liquefaction, infective emboli
being set free (Fig. 51). A thrombus
in an artery is apt to extend to the first
collateral branch, but does not pass
higher, the blood-current into the
branch preventing further extension.
Remember this fact when an artery is
cut near a large branch. If we simply . 0 ombue
tie the artery, such a short clot will be of a vein (schematic).
formed that the vessel will not be

obliterated. Tie not only the artery, but also the branch.
A clot in a vein may extend a long distance. The author
has seen in a post-mortem examination a venous thrombus
reaching from the ankle to the vena cava. A spreading
clot of this sort is known as a propagated thrombus.

Symptoms.—The symptoms are dependent on the seat
of the obstruction. An organ or a part of an organ may
exhibit functional aberration. The local signs in a vessel
accessible to touch or sight are the presence of a clot; if it
be in an artery, anemia and the absence of pulse below the
clot; if it be a vein, swelling and edema below it. There is
usually pain at the seat of trouble, and anesthesia below it.
Moist gangrene may follow venous thrombosis, and dry gan-
grene, arterial thrombosis. Thrombosis of the mesenteric
vein is followed by gangrene of the bowel. Thrombophlebi-
tis is a spreading inflammation of a vein in which a septic
thrombus forms. We see this condition sometimes in the
lateral sinus of the brain as a result of suppuration in the
middle ear; in any of the cerebral sinuses after infected
compound fracture of the skull; and in the uterine veins in
puerperal sepsis. Infective thrombophlebitis is an early
step in pyemia. Thrombo-arteritis is a spreading inflamma-
tion of an artery in which a septic thrombus forms or in
which a septic embolus lodges. It occasionally attacks an
aneurysmal sac.

Treatment.—If a thrombus forms in a large vessel of a
limb, raise the limb a few inches from the bed, keep it per-
fectly quiet to avoid detachment of fragments (emboli), apply
a bandage from the toes up, and place hot bottles around the
extremity. The great danger is the formation of emboli, so
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movements and rough handling are to be avoided. Gangrene
is another danger, hence favor venous return and the
development of the collateral circulation by warmth, eleva-
tion, and bandaging. In septic thrombophlebitis, if the
vessel is accessible, tie it above and below the clot, open
the vessel, remove the clot, irrigate, and pack the wound
with iodoform gauze. Internally the treatment is stimulant
and supporting. Massage is unsafe in any condition of
thrombosis, and is particularly dangerous in septic throm-
bosis. In thrombo-arteritis treat as in thrombophlebitis. If
angrene follows thrombosis, treat as previously directed
p. 154).

Embolism signifies vascular plugging by a foreign body
(usually a blood-clot) which has been brought from a dis-
tance. Emboli may arise either in the venous or in the
arterial system, but lodge only in an artery, in capillaries,
or in the veins of the liver. The initial thrombus may form
upon a diseased heart-valve or in a vein. It may be composed
of fat, micro-organisms, air, or a portion of a tumor. An
embolus is arrested when it reaches a vessel whose diameter
is less than its own. It is usually caught just above a bifur-
cation. When an embolus lodges, it at once partially or
entirely obstructs the circulation, and increases in size by
thrombosis. A non-septic embolus usually “ organizes,” and,
as described on page 168, is replaced by fibrous tissue. A
soft embolus may disintegrate and permit of re-establishment
of the circulation. An embolus may cause an aneurysm.
A septic embolus breaks down, forms a metastatic abscess,
and sends other emboli onward. Fig. 52 shows an impacted
embolus.

An embolus is more serious than a thrombus: it causes
sudden plugging, which makes dangerous anemia inevitable,
and it will produce gangrene if the collateral circulation fails.
Embolism of the mesenteric artery causes necrosis of the
intestine. In organs with terminal arteries (spleen, kidney,
brain, and lung) there is no collateral circulation and
embolism causes infarction. The embolus produces an area
of anemia ; the removal of all propulsion upon the venous
blood causes it to flow back and stagnate, and vascular ele-
ments exude, forming a wedge-shaped area of red tissue, the
embolus being the apex of the wedge. This is known as the
“red infarction,” and is often seen in the lung (Fig. 53). The
white infarction, seen in the brain and kidney, is not due to
retrogression of venous blood, but is due to anemia and
resulting coagulation-necrosis. A scptic embolus causes
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septic thrombosis and a septic infarction, arfd a septic infarc-
tion is followed by suppuration and the production of a
pyemic abscess. If emboli come from a thrombus in one
of the veins of the pulmonary circulation, they lodge in the
lungs, and rarely, though occasionally, pass through. Em-
boli formed in vessels of the systemic circulation lodge most
often in the lungs, brain, kidney, or spleen (Nancrede).
Emboli passing into the portal vein lodge in the liver.
Symptoms.—The symptoms depend upon the organ
involved. They are sudden in onset, and consist of loss of

F1G. 53.—Diagram of a hemorrhagic
Embolus i infarct : a, artery obliterated by an em-

Fic. 52.— us impacted bolus (¢) ; v, vein filled with a secondary
at bifurcation of a.branch of the thrombus (¢k); 1z, center of infarct,
pulmonary artery (Green). which is becoming disintegrated ; 2, area
of extravasation; 3, area of collateral
hyperemia (O. Weber).

function which may be permanent or which may be followed
by inflammation, softening or gangrene. Embolism of the
cerebral arteries may cause aphasia, paralysis, or coma.
Embolism of the pulmonary artery may cause almost instant
death. Embolism of the central artery of the retina causes
blindness. Embolism of a large artery of a limb produces
symptoms identical with thrombus, except more sudden and
decided. Embolism of the superior mesenteric artery pro-
duces symptoms similar to those caused by acute intestinal
obstruction.

Treatment.—The treatment of aseptic embolism depends
upon the part involved. In a limb, keep the part warm in
order to stimulate the collateral circulation, elevate several
inches from the bed, apply a bandage lightly from the periph-
ery, and insist on perfect quiet. Massage is unsafe. If gan-
grene ensues, await a line of demarcation and amputate. In
septic thrombo-arteritis in an accessible region it would be
good surgery to act as in septic thrombophlebitis. After an
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operation upon veins (as the operation for varicocele or for
hemorrhoids), after a cutting operation, and after fracture,
avoid as much as possible movements or handling, as frag-
ments of thrombus may be detached. Operations upon the
rectum may be followed by hepatic embolism and abscess of
the liver.

Fat-embolism is an accumulation in the capillaries of
liquid fat after injuries of adipose tissue, high tension forcing
the fat into the open mouths of veins. Some little fat may
get into the blood by means of the lymphatics. Fat-em-
bolism occasionally arises during osteomyelitis, after extensive
bruises, crushes, or lacerations, and after amputations, fract-
ures, resections, or rupture of the liver.! This fluid fat ac-
cumulates especially in the capillaries of the lungs and brain.

Symptoms.—The symptoms are those of edema of the
lungs and exhaustion, often with coma or delirium, and some-
times, in the beginning, are wrongly thought to be due to shock.
There are restlessness, dyspnea, rapid pulse and respiration,
normal or subnormal temperature, and cyanosis. If pulmo-
nary edema becomes marked, the patient spits up a bloody
froth. If lifeis prolonged a day or two, oil is found in the urine.
Small amounts of oil may be found in the urine after serious
injuries or operations when no symptoms of embolism exist.
Nevertheless, the presence of the oil is always an ominous
sign, and is often a warning. These symptoms never occur
until at least twelve hours after the accident, and rarely
before the third day. The symptoms occur at a later period
than those of shock, and at an earlier period than those of
ordinary embolism of the lung. If some of the oil is forced
through the vessels of the lung, it will lodge in other regions
and produce other symptoms. Oil may appear in the urine
as above stated. Urinary suppression may occur. Delirium
may arise or the patient may pass into coma. Severe cases
of fat-embolism are commonly fatal; milder cases are often
recovered from.

Treatment.—The treatment consists in the administration
of stimulants, such as strychnin, alcohol, and carbonate of
ammonium, the use of external heat; the use of oxygen by
inhalation; and the administration of diuretics and of nitro-
glycerin hypodermatlcally Artificial respiration may tide a
patient over a crisis. If an external wound exists, the drainage
must be free, and the damaged part should be thoroughly
immobilized. In order to prevent fat-embolism after a
severe injury insist on rest. Massage used early after some

1 G. H. Makins, in Heath’s Dictionary.
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injuries is dangerous, as it may force fluid fat into the vessels.
When a severe contusion causes the formation of a large
cavity filled with blood Groubé advises incision, to lessen
the danger of fat-embolism.!

Air-embolism.—Air may enter a vein during a surgical
operation or it may be injected accidentally while giving a
hypodermatic injection, hypodermoclysis, or a saline infusion
into a vein. It is very rarely that any symptoms follow. It
was long thought that such an accident must be extremely
dangerous. Dr. Hare's experiments indicate that quantities
of Lair may be injected into the veins of a dog without
apparent harm. The entry of a small amount of air into the
veins of a human being will not be apt to induce dangerous
symptoms, but it may be fatal. The more rapidly it is intro-
duced and the greater the amount, the greater is the danger.
The manner in which it can induce death is doubtful. Some
maintain that it causes the blood in the right side of the heart
to froth,and thus prevents normal action of the valves, the
heart becoming unable to propel blood through the lungs.
If a surgeon divides a large vein, air may be sucked in, and
there is particular danger of such an accident if a vein at
the root of the neck or a cerebral sinusis torn or incised. If
such an accident happens, there is a sucking sound and serious
symptoms may or may not follow. If serious symptoms are
produced, they arise suddenly, and consist of extreme failure
of circulation, gasping for air, convulsions, and possibly death.

Treatment.—Compress the vein with the finger and clamp
it quickly. Suspend the anesthetic, lower the head, employ
artificial respiration and inhalation of oxygen, and give
strychnin hypodermatically.

X. SEPTICEMIA AND PYEMIA.

Septicemia, or sepsis, is a febrile malady due to the in-
troduction into the blood of pyogenic organisms or the
products of pyogenic organisms or saprophytic bacteria.
There is no one special causative organism, and any microbe
which produces inflammatory and febrile products may cause
it. Either streptococci or staphylococci may be present.
Septicemia arises by absorption of septic matter by the lym-
phatics. Clinically we make two forms of septicemia: (1)
sapremia, septic or putrid intoxication; and (2) septic infec-
tion, true or progressive septicemia. In these conditions
the area of infection is usually discovered by the surgeon;

! Rev. de Chir., July, 1895,
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but when it cannot be located the disease is called by the
Germans cryptogenetic septicemia.

Sapremia, septic or putrid intoxication, is due to the
absorption of poisonous ptomains from a putrefying area. The
bacteria do not enter the blood, but their toxins do, and, as
these toxins are active poisons, the condition is comparable
to poisoning by successive alkaloidal injections, the symptoms
and prognosis depending upon the dose. Not unusually
there is absorption not only of the toxins of saprophytic
bacteria, but also the toxins of pyogenic micro-organisms.
Even if some of the organisms enter the blood, they do not
multiply in this fluid. Slight symptoms and recovery follow
a small dose ; grave symptoms and death follow a large one.
The poison does not multiply in the blood, and a drop of the
blood of a person laboring under putrid intoxication will not
produce the disease when introduced into the blood of a well
person ; in other words, the disease is not infective. Con-
siderable putrid material must be absorbed to cause sapremia.
What is known as surgical fever is due to the absorption of a
small amount of putrid or fermented wound-fluid, and is in
reality a mild form of sapremia. If sapremia arises, it does so
soon after the infliction of a wound, and after a large rather
than small wound, when a large amount of wound-fluid is pent
up under pressure. It may follow labor where putrid fluid
is retained in the womb, may follow an injury of or an opera-
tion upon a joint, may follow amputation where decomposing
blood-clot or wound-fluid is pent up within the flaps, or may
ensue upon an abdominal operation or injury. In sapremia
there always exist a considerable absorbing surface and a
large amount of dead matter which has become putrid.
Roswell Park points out' that sapremia arises from putre-
faction of a blood-clot or wound-fluids which are re-
tained like foreign bodies in the tissues, and does not arise
from putrefaction of the tissues themselves. He speaks of
the condition as due to the absorption of poison from a
“ putrid suppository.” Sapremia will not occur after granu-
lations form. The term putrefaction is used because this is
the usual change, but any fermentative organism may cause
the disorder. Sapremia is a malignant form of surgical fever,
and its existence means an ill-drained wound, and a fermenting
and probably putrid collection of blood-clot or wound-fluid.

In sapremia there is congestion of the stomach, intestines,
and other abdominal viscera, particularly the kidneys, and
also of the brain. Numbers of red blood-cells disintegrate.

Y Treatise on Surgery by American Authors,
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Symptoms—The patient often seems to react incompletely
from the injury, he feels miserable, complains of headache,
nausea, and pain in the back and limbs, or, he may react and
in a day or two develop this condition of malaise. In some
cases an aseptic fever is directly succeeded by sapremia.
In most cases of sapremia, between twenty-four hours and
two or three days after labor, after an injury, or after an
operation, there is a chill, or at least a chilly sensation, though
in some cases this is wanting. The temperature rapidly
rises to 103° F. or even more. There are severe headache, dry
and coated tongue, rapid and weak pulse, nausea and often
vomiting, diarrhea, great prostration, restlessness, muscular
twitching, and active delinum. The wound is found to be
foul, and often there is drying up of wound-discharge. There
is diminution or suppression of urine, and a strong tendency
to congestion of various organs. Jaundice is not unusual.
Blood-examination shows leukocytosis and corpuscular dis-
organization. Petechial spots are often noticed upon the
skin. They occur also upon mucous membranes and serous
surfaces, and result from the plugging of small vessels
with detritus of broken-down red corpuscles and consequent
vascular rupture. Great elevation of temperature often pre-
cedes death. In some cases the dose of poison is so large
that the patient passes into rapid collapse without preliminary
fever. Some cases are recovered from if the initial dose is
not overwhelming and if additional doses are not absorbed.
Many cases die of exhaustion. Some become linked with
fatal pyemia or septicemia. The blood should always be
examined for organisms by making cover-glass preparations.

Treatment—The treatment consists in at once draining
and asepticizing the putrid area and administering very large
doses of alcohol and large medicinal doses of strychnin and
digitalis. The patient should be purged and diaphoresis
favored. The hot bath is valuable to cause sweating. The
action of the kidneys must be maintained if possible. Purga-
tives, diuretics, and diaphoretics aid in removing the toxin,
and stimulants sustain the strength of the patient during the
elimination of the poison. Allay vomiting by champagne,
cracked ice, calomel, cocain, or carbolic acid with bismuth.
Give food every three hours. Feed the patient on milk, milk
and lime-water, liquid beef-peptonoids, and other concen-
trated foods. Use quinin in stimulant doses. Antipyretics
are useless. Watch for any visceral congestion, and treat it at
once. The use of saline fluid by hypodermoclysis or intra-
venous infusion dilutes the poison and stimulates the hcart,
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skin, and kidneys to activity. Antistreptococcic serum is
useless in sapremia.

Septic infection, or true septicemia, is a true infective
process. In sapremia the blood contains toxins of putrefac-
tive organisms, but not the organisms themselves. In septic
infection the blood contains both pyogenic toxins and multi-
plying pyogenic organisms. In sapremia the causative con-
dition is putrid material lodged like a foreign body in the
tissues. In septic infection the tissues themselves are suppu-
rating, and both bacteria and toxins are being absorbed by
the lymphatics. Of course, septic infection may be associated
with septic intoxication or may followit. In suppurative fever
the tissues suppurate, but only the pyogenic toxins are ab-
sorbed, and not the pyogenic organisms. In septic infection
both the pyogenic bacteria and toxins enter the blood, and
the bacteria multiply in the blood and produce continually
increasing amounts of poison. The symptoms of sapremia
depend on the dose. In septic infection only a small number
of organisms may get into the blood, but they multiply enor-
mously. The pus microbes cause true septicemia, and reach
the blood chiefly through the lymphatics, but to some degree
by penetrating the walls of vessels. A drop of blood from a
man with septic infection will reproduce the disease when in-
jected into the blood of an animal ; hence the disease is truly
infective. The wound in such cases is often small, but may be
large, and is commonly punctured or lacerated, and the dis-
ease begins later after the infliction of a wound than does sapre-
mia. No wound may be discoverable, the infection having
arisen from an unrecognized focus of suppuration,for instance,
gonorrhea, middle-ear disease, caries of teeth, tonsillar sup-
puration, appendicitis, etc. Septicemia in which the initial
atrium of infection is not discovered is called cryptogenetic
septicemia.

The organisms which are found in the blood and organs
are staphylococci or streptococci, usually both. The blood is
found to have lost much of its coagulating power ; it remains
fluid for some time after death, and minute hemorrhages
take place in the brain, mucous membranes, skin, serous mem-
branes, muscles, and various viscera. There may be inflam-
mation of synovial and serous membranes. There is conges-
tion of the gastro-intestinal tube and of the abdominal
viscera. The lymph-glands are larger than normal and the
spleen is notably enlarged. The wound contains numbers
of bacteria.

Symptoms—The type of this condition is mct with in
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puerperal septicemia or in an infected wound. The post-
operative rise may continue for an undue time and septicemia
develop. Septicemia may arise during the existence or after
the abatement of sapremia, or may arise when the aseptic
fever has passed away and when there has been no putrid
intoxication. It begins in from four to seven days after
labor or an injury, usually with a chill, which is followed by
fever, at first moderate, but soon becoming high. In some
cases there is a chilly sensation, but no distinct chill. There
is always great prostration even before the chill. The fever
presents morning remissions and evening exacerbations, and
may occasionally show an intermission. When the remis-
sion begins there is a copious sweat. As the case progresses
the temperature may fluctuate, and it often rises very high
before death. The pulse is small, weak, very frequent, and
compressible. The tongue is dry and brown, with a red tip.
Sordes gather on the teeth and gums. Vomiting is frequent,
and, as a rule, there is diarrhea. Low delirium alternates
with stupor, and coma is usual before death. The great
prostration is a noticeable and characteristic feature of the
sufferer from septicemia. There are subsultus tendinum and
carphologia. Toward the end the face often becomes Hippo-
cratic. Visceral congestions occur. The spleen is enlarged,
ecchymoses and petechie are noted, urinary secretion be-
comes scanty or is suppressed, and the wound becomes dry
and brown. Blood-examination detects disintegration of red
globules and marked leukocytosis. Cover-glass preparations
made from the blood may disclose pyogenic bacteria. When
septicemia arises from an infected wound, red lines due to
lymphangitis are usually seen about it, and there is enlarge-
ment of related lymphatic glands. In some cases, however,
the wound and the parts about it look normal.

The prognosis is bad, and in some malignant cases death
occurs within twenty-four hours, but mild cases often recover.

The treatment is the same as for septic intoxication. Anti-
streptococcic serum is employed by some surgeons, but the
value of this method is as yet doubtful.

Pyemia.—Pyemia is a condition in which metastatic ab-
scesses arise as a result of the existence of septic thrombo-
phlebitis, the disease being characterized by fever of an in-
termittent type and by recurring chills. It is not actually
due to free pus in the blood, but to the passage into the
blood of clots filled with toxins or infected by streptococci
and staphylococci. After a wound is inflicted blood clots in
the divided veins. If the wound-fluid becomes putrid, the in-

12
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travenous clots may become filled with ptomains. If suppura-
tion occurs, the clots may become filled with the toxins of
pyogenic organisms or be invaded by the organisms them-
selves. Thus it becomes evident that pyemia may develop
with sapremia or with septicemia. It may also develop
when neither has existed. A suppurating focus about a vein
may cause thrombophlebitis and clot formation even when
no wound exists. This is seen in thrombophlebitis of the
lateral veins secondary to suppuration of the middle ear.

A vessel-thrombus runs up in the lumen of a vein, and
the apex of the clot softens, a portion of it is broken off by
the blood-stream and carried as an embolus into the circula-
tion. Many of these poisonous emboli enter into the blood
and lodge in some vessels which are too small to transmit
them, and at their points of lodgement form embolic, second-
ary, or metastatic abscesses. If the embolus contains only
" toxins the danger is infinitely less than if it contains bacteria.
The secondary abscess if caused by a clot containing only
toxins may not lead to further dissemination of disease. If
the embolus contains bacteria, thrombophlebitis occurs about
it, and new infected emboli form and are sent throughout
the system. Wounds of the superficial parts and bones pro-
duce pyemic infarctions and metastatic abscesses of the lungs.
When these infarctions break into fragments particles may
return to the heart and lodge, or may be sent out through
the arterial system to form other foci in distant organs. In-
fected areas connected with the portal circulation (intestinal
injuries or suppurating piles) may produce abscess of the liver.
Wounds of bones which open the medullary cavity or diploic
structure are particularly apt to be followed by pyemia, and
the disease may follow labor, phlegmonous erysipelas, and
other conditions. Malignant endocarditis is called *‘arterial
pyemia,” and is due to endocardial embolic infection. In this
disorder infected emboli lodge in the kidneys, the spleen, the
alimentary tract, the brain, or the skin (Osler). Idiopathic
pyemia is a misnomer. Some primary focus of infection
must exist, as was pointed out when discussing septicemia.

Symptoms.—The wound often becomes dry and brown,
and sometimes also offensive. A severe and prolonged chill
or a succession of chills ushers in the disease ; high fever fol-
lows, and drenching sweats occur. The chills recur every other
day, every day, or oftener. After the sweat the temperature
falls and may become nearly normal. The temperature often
oscillates violently. The general symptoms of vomiting, wast-
ing, etc., resemble those of septicemia. In some cases the
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mind remains clear, in many the delirium is purely nocturnal.
The skin becomes jaundiced, and a profound adynamic state
is rapidly established. The blood shows disintegration of
red corpuscles and leukocytosis. The spleen is enlarged.
The lodgement of emboli produces symptoms whose nature
depends upon the organ involved. Lodgement in the lungs
causes shortness of breath and cough, with slight physical
signs. Lodgement in the pleura or pericardium gives pro-
nounced physical evidence. Lodgement in the spleen pro-
duces severe pain and great enlargement. The parotid gland
not unusually suppurates.

In a suspected case of pyemia always examine for a wound,
and if this does not exist, remember that the infection may
arise from gonorrhea, osteomyelitis, suppuration in the middle
ear, appendicitis, dental caries, tonsillar suppuration, abscess
of the prostate, etc. Chronic pyemia may last for months ;
acute pyemia may prove fatal in three days. The chief
complications are joint-suppuration, bronchopneumonia,
pleuritis, endocarditis, pericarditis, peritonitis, pyelitis, venous
thrombosis, and abscesses.

Treatment is the same as for septicemia. Open, drain,
and asepticize any wound and any accessible secondary
abscess.

XI. ERYSIPELAS (ST. ANTHONY'S FIRE).

Erysipelas is an acute, contagious, spreading capillary
lymphangitis due to the streptococci of erysipelas, which
grow and multiply in the smaller lymph-channels of the
skin and its subcutaneous cellular layers and also in the
lvmph-channels of serous and mucous membranes. The
disease is characterized by a rapidly spreading dermatitis, by
a remittent fever due to absorption of toxins, and by a ten-
dency to recurrence. It is always preceded by a wound, a
scratch, or an abrasion, which may have been trivial and may
never have been noticed. The so-called idiopathic erysipelas
is preceded by a breach of surface continuity so small as to
escape notice. The initial point of infection may be in the
mouth, the nostril, the pharynx, the auditory meatus, between
the fingers or toes, at the margin of a nail, or in a cutaneous
furrow. The involved area may or may not suppurate.
Suppuration does not require a mixed infection, as the strep-
tococcus is identical with the streptococcus progenes.  Erysip-
elas is most common in the spring and fall, and is most
usually met with among those who are crowded into dark,
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dirty, and ill-ventilated quarters; it attacks by preference
the debilitated and broken-down (as alcoholics and sufferers
from Bright's disease). The disease may become endemic
in special places or localties. The poison of erysipelas will
produce puerperal fever in a lying-in woman. The strep-
tococcus was first obtained in pure cultures by Fehleisen.
This organism is widely diffused. The question of identity
with the streptococcus pyogenes is discussed on p. 41.

Forms of FErysipclas—Ambulant, crratic, nugratory, or
wandering erysipelas is a form which tends to spread widely
over the body, leaving one part and going to another.
Bullous erysipelas is attended by the formation of bulla.
In diffused erysipelas the borders of the inflammation grad-
ually merge into healthy skin. Erypthematous erysipelas
involves the skin superficially. Aetastatic erysipelas appears
in various parts of the body. Pucrperal erysipelas begins
in the genitals of lying-in women, producing puerperal fever.
Erystpelas simplex is the ordinary cutaneous form. Erysipelas
neonatorum begins in the unhealed navel of a newborn child
and spreads from this point. Zyphoid erysipelas occurs with
profound adynamia. Universal erysipelas involves the
entire body. Cellulitis is erysipelas of the subcutaneous
layers. Phlegmonous erysipelas involves the skin and the
cellular tissues, and causes suppuration, and often gan-
grene. FEdematous erysipelas is a variety of phlegmonous
erysipelas with enormous subcutaneous edema. Lymphatic
erysipelas is characterized by rose-red lines due to lymphan-
gitis. Venous erysipelas is marked by the dark color of venous
congestion. Mucous erysipelas involves a mucous mem-
brane. Erysipelas may attack the fauces, producing a very
grave condition.

Clinical Forms.—The clinical forms are cutaneous erysip-
elas, cellulocutaneous or phlegmonous, cellulitis, and mucous
erysipclas.

Cutaneous erysipelas most frequently attacks the face.
A fever suddenly appears, rises rapidly, reaches a consider-
able height, is remittent in type, and usually terminates in
four or five days by crisis. At the time of febrile onset spots
of redness appecar on the skin. These spots run together,
and a large extent of surface is found to be red and a little
elevated. Any wound, ulcer, or abrasion which exists becomes
dry and unhealthy, and its edges redden and swell. The
erysipclatous area of redness and swelling extends, its mar-
gin is usually sharply defined from the healthy skin, and the
color fades at the original focus as the disease advances at
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the periphery of the red area. The color fades at once on
pressure and returns at once when pressure is removed.
There is slight burning pain, which is increased by pressure.
In the hyperemic area vesicles or bulle form, containing
first serum and later it may be sero-pus, but there is rarely
genuine suppuration in cutaneous erysipelas. Edema affects
the subcutaneous tissues, producing great swelling in regions
where there is much loose cellular tissue (as in the eyelids).
The anatomically related lymphatic glands may become large
and tender. In an ordinarily strong person the color is
bright red or more rarely dark red. A dusky color pre-
cedes suppuration. A blue color precedes gangrene or
indicates profound cardiac and pulmonary involvement. Ery-
sipelas spreads now in one direction, now in another, in-
fluenced, according to Pfleger, by the furrows of the skin.
When the disease ceases to spread the swelling and redness
gradually abate, and after they disappear desquamation takes
place, and the blebs become dry and crusted.

In strong subjects the symptoms of cutaneous erysipelas
are usually slight. In the old and debilitated the symp-
toms are typhoidal, deliium comes on, and death is usual.
Possible complications are meningitis, pneumonia, septicemia,
pleuritis, pyemia, endocarditis, arthritis, and albuminuria.
Erysipelas neonatorum is generally fatal. In some instances
an attack of erysipelas will cure an old skin eruption, a new
growth, an ulcer, or an area of lupus. This is the erysipele
salutaire of our French confréres.

Treatment—Ilsolate the patient, asepticize a wound, if there
be a wound, and administer a purge. Cases of cutaneous
erysipelas occurring in a fairly healthy, young, or middle-
aged subject, tend to get well without treatment. If a per-
son is debilitated free stimulation is necessary. Tincture of
chlorid of iron and quinin are usually administered. Nutri-
tious food is important. For sleeplessness or delirium use
chloral or the bromids ; for high temperature, cold sponging.
To prevent spreading some have advised injection of the healthy
skin near the blush with a 2 per cent. carbolic solution or with
fluid containing gr. 1k of corrosive sublimate. A band of iodin
painted on the skin may arrest the progress of the disease,
and so may a ring streaked around a limb or about an ery-
sipclatous area by lunar caustic. Kraske has suggested a
method of preventing the spread of cutaneous erysipelas
which is often effective. The patient is anesthetized. At
about two inches from the margin of the redness a scries
of cuts are made into the skin, to a sufficient depth to
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cause free oozing. Each cutis crossed by another cut and
a ring of scarifications is made to surround the erysipelas.
After the oozing ceases the scarified area is soaked for one
hour with a solution of carbolic acid (1 : 20) or corrosive
sublimate (1 : 2000). The part is dressed with pads wet with
carbolic acid (1 : 40) or corrosive sublimate (1 : 2000). This
operation causes the formation of a protective barrier of
leukocytes. Locally, paint the inflamed area with equal parts
of iodin and alcohol and apply lead-water and laudanum.
The iodin is germicidal and quickly enters the lymph-
spaces. The lead-water and laudanum allays the burning
pain. If an extremity be involved, bandage it. Another
good application is a 50 per cent. ichthyol ointment with
lanolin. A very useful method is Von Nussbaum’s. The
author applies it somewhat modified, as follows: wash the
part with ethereal soap, irrigate with a solution of corrosive
sublimate (1 : 1000), dry with a sterile towel, apply an oint-
ment of ichthyol and lanolin (50 per cent.), and dress with
antiseptic gauze. Some use iced-water cloths and some
prefer hot fomentations. Others apply borated talc or sali-
cylated starch. Ringer advised painting every three hours
with a mixture composed of gr. xxx of tannic acid, gr. xxx
of camphor, and 3iv of ether. J. M. Da Costa recommends
pilocarpin internally in the beginning of a case. Antistrepto-
coccic serum has been used in erysipelas, and great results
have been claimed for it. Roger and Charrin’s serum may
be used. The dose is 30 c.c. Itis asserted that under its
influence the temperature soon becomes normal. We have
had no personal experience with the serum treatment.
Cellulocutaneous or phlegmonous erysipelas is charac-
terized by high temperature (104°-106° F.), the rapid onset of
grave prostration, irregular chills, sweats, and a strong ten-
dency to delinum. The constitutional condition may be one
of suppurative fever, sapremia, septicemia, or pyemia. The
parts are red, as in cutaneous erysipelas, and the tumefaction
1s vastly greater. The swelling is brawny, comes on early,
increases with exceeding rapidity, induces a high degree of
tension, and frequently produces sloughing or even cutaneous
gangrene. The lymphatic glands are swollen, but the in-
flamed lymphatic vessels are hidden by the tumefaction. In
most cases suppuration occurs, and when this happens the
parts become boggy and the pus is widely disseminated in
the subcutaneous and intramuscular tissues, and even into
muscular sheaths and tendon-sheaths (purulent infiltration).
When the disease abates sloughs form, which leave ulcers
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upon being cast off. In bad cases muscles, vessels, tendons,
and fascia may slough away. The commonest complications
are suppression of urine, bronchopneumonia, congestion and
edema of the lungs, meningitis, congestion of the kidneys,
and acute pleurisy. Septicemia or pyemia may occur. We
sometimes meet with this form of erysipelas after extravasa-
tion of urine. Itis not a pure streptococcus infection. There
is a mixed infection with other pyogenic cocci, and often
with organisms of putrefaction.

Treatment—At once asepticize and drain any existing
wound, and dress such a wound with hot antiseptic fomenta-
tions. If there are inflamed lymph-vessels or glands above
the area of cellulocutaneous infection, paint the skin above
them with iodin and smear it with blue ointment. Make
numerous incisions into the inflamed tissues. These incisions
should be near together, and each cut should be two or three
inches long. Spray the wounds by means of hydrogen
peroxid in an atomizer, wash with corrosive-sublimate solu-
tion (1 : 1000), and pack each wound with iodoform gauze.
Dress with many layers of gauze wet with a hot solution of
corrosive sublimate and covered with a rubber-dam, a hot-
water bag being laid upon the dressing. If sloughs form,
cut them partly away and employ hot antiseptic fomentations.
Change the dressings often. In some cases it may be necessary
to employ continuous irrigation with warm antiseptic fluid, or
continuous immersion in a hot aseptic or antiseptic bath. It
is not unusually necessary to operate for the removal of en-
larged lymphatic glands. In rare cases amputation is de-
manded. When granulations begin to form, treat as a healing
wound. The constitutional treatment is that previously set
forth as applicable to septicemia, viz., purgation, the use of
diuretics and diaphoretics, the administration of strychnin,
quinin, digitalis, alcoholic stimulants, and nourishing food.
Antistreptococcic serum is employed by some. In severe
cases employ hypodermoclysis or saline infusion into a vein.

Cellulitis.—Cellulitis is a microbic inflammation of the
cellular tissue. It may be due to staphylococci, to strepto-
cocci, to other pyogenic bacteria, or to mixed infection with
two varieties of pyogenic organisms. The commonest form is
streptococcus infection, and this is a variety of erysipelas.
Infection with the bacillus aérogenes capsulatus causes gan-
grenous cellulitis. In cellulitis of the subcutaneous tissue
the organism finds entrance by means of a wound. Swell-
ing precedes redness. The swelling is not so marked as
in phlegmonous erysipelas, and the redness is darker and is
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not so noticeable as in cutaneous erysipelas. The redness of
cellulitis is about the wound, it spreads but does not fade at
the center as does ordinary erysipelas, red lines due to lymph-
angitis ascend the limb from the infected wound, and the ana-
tomically associated lymphatic glands enlarge. In the
wound and its neighborhood there is severe throbbing pain.
The constitutional symptoms of infection develop rapidly. In
trivial cases the lymphatics dispose of the poison and sup-
puration does not occur. In severe cases pus forms about
the wound and lymphatic glands may suppurate. Phleg-
monous erysipelas may develop, septicemia or pyemia may
arise.

Treatment.—Open, disinfect, and drain the wound. Paint
jodin upon the skin over inflamed lymphatic vessels and
glands and cover with ichthyol ointment. Dress the wound
and the adjacent inflamed area with hot antiseptic fomenta-
tions. It may be necessary to mdke incisions as in phleg-
monous erysipelas. In some cases it is necessary to remove
breaking-down glands. The constitutional treatment is that
used for septicemia.

XII. TETANUS, OR LOCKJAW.

Tetanus is a microbic disease invariably preceded by some
injury and characterized by spasm of the voluntary muscles.
The wound may have been severe, it may have been so slight
as to have attracted no attention, or it may have been in-
flicted upon the alimentary canal by a fish-bone or other
foreign body, or may have been situated in the nose, urethra,
vagina, or ear. The so-called idiopathic tetanus is either not
tetanus at all, or the term expresses the fact that we have not
found the traces of an injury which did exist. Tetanus arises
most frequently after punctured or lacerated wounds of the
hands or feet, and before it appears a wound is apt to sup-
purate or slough ; but in some instances the wound is found
soundly healed. The fact that the bacillus of tetanus is
anderobic explains the comparative frequency with which
punctured and lacerated wounds are attacked, for in such
wounds the bacilli are deeply lodged in recesses or cavitics
into which air does not penetrate or are covered with dis-
charges which excludeair. Nancrede points out that sup-
puration favors the growth of tetanus bacilli, because the
pyogenic organisms consume oxygen. Tctanus may appear
twenty-four hours after an accident, but it may not arise
until several wecks have elapsed. It prevails more in certain
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localities than in others. Colored people are very suscep-
tible, and the disease may exist endemically. Tetanus is due
to the growth in a wound of a bacillus (first described by
Nicolaier and first cultivated by Kitasato), the toxic products
of which, absorbed from the wound, poison the nervous sys-
tem precisely as would dosing with strychnin. The bacilli
are not taken into the blood, and only the toxic products
are absorbed, hence tetanus is an intoxication. Tetanus
bacilli or their spores are found particularly in garden-soil,
in the dust of walls, walks, and cellars, in street-dirt, and
in the refuse of stables.

Symptoms.—Acute tetanus begins within ten days of
an accident. The usual period of incubation is from three
to five days. In most cases the first symptom is stiffness of
the jaw in opening the mouth. In some cases the first symp-
tom is stiffness of the neck, and the patient believes he has
“ caught cold.” In any case the neck soon becomes stiff,and
finally both the neck and jaw are as rigid almost as iron.
The muscles of deglutition become rigid on attempts at
swallowing. The muscles of the back, legs, and abdomen
are thrown into tonic spasm, but the arms rarely suffer. 1f
the infected injury is on the hand or foot, that extremity
usually is found to be rigid. Spasm of the face-muscles
causes the risus sardonicus, or sardonic smile (contraction
particularly of the musculus sardonicus of Santorini). The
contraction of the muscles of the back is often so powerful
as to bend the patient back like a bow and allow him
to rest only on his occiput and heels. This condition is
known as * opisthotonos.” If he is bent forward, so that the
face is drawn to the legs, it is called “emprosthotonos.” If
his body is curved sideways, it is designated * pleurosthot-
onos.” An upright position is * orthotonos.” The spasm
may be so violent as to cause muscular rupture. The fixa-
tion of the jaw is called trismus.

The characteristic condition in tetanus is one of widely
diffused tonic spasm, aggravated frequently by clonic spasms
arising from peripheral irritations. These irritations may
be draughts, sounds, lights, shaking of the bed, attempts
at swallowing, contact of the bed-clothing, the presence of
urine in the bladder or of feces in the rectum, or various
visceral actions. The clonic spasms begin early in the case
and become more frequent and more violent as the disease
progresses. The muscles become more rigid and the atti-
tude produced by the tonic contraction of the muscles
is temporarily exaggerated. The forcible contraction of
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the jaw may loosen or break teeth. The spasm of the
diaphragm, of the glottis, and of the muscles of res-
piration may produce death and always produce great
dyspnea. The man laboring under a tetanic convulsion
presents a dreadful picture; he is bent into some unnatural
attitude, the face is cyanotic and covered with drops of sweat,
the lips are covered with froth which is often bloody, the eyes
bulge and are suffused, and the countenance expresses deadly
terror and suffering. The agonizing “ girdle-pain” so often
met with is due to spasm of the diaphragm. Each clonic
spasm causes a hideous scream by the constriction of the
chest forcing air through a contracted glottis. During the
progress of the disease constipation is persistent, and reten-
tion of urine is the rule (because of sphincter spasm).
The mind is entirely clear until near the end—one of the
worst elements of the disease. Swallowing in many cases is
impossible. Talking is very difficult and it is impossible to
project the tongue. The muscles throughout the body feel
very sore. The temperature may be normal, butit is usually
a little elevated, and always rises just before death. Hyper-
pyrexia sometimes occurs (108°-110° F.), and the temperature
may even ascend for a time after death. Insomnia is obstinate.
In 80—90 per cent. of cases of acute tetanus death occurs
in the course of two or three days. If a patient lives a
week, his chance of recovery is good. Death may be due
to exhaustion or to carbonic-acid narcosis from spasm of
the glottis or fixation of the respiratory muscles.

Chronic tetanus comes on late after a wound (from ten
days to several weeks). The symptoms are not so severe
as in acute tetanus. The muscular spasm is widespread,
but it may not be persistent, intervals of relaxation permit-
ting sleep and the taking of food. Chronic tetanus may last
some weeks, and in about 40 per cent. of cases the dis-
ease can be cured. 7rismus neonatorum or trismus nascen-
tinm, the lockjaw of the newborn, is due to infection of
the stump of the umbilical cord, and is practically invari-
ably fatal. Hydrophobic tetanus, head tetanus, or cephalic
tetanus, is a condition in which the spasms are confined chiefly
to the face, pharynx, and neck, although the abdominal mus-
cles are usually also rigid. It follows head-injuries, and gives.
a better prognosis than does general tetanus.

Diagnosis.—Tetanus may be confounded with strychnin-
poisoning, with hysteria, or with tetany. Wood's table makes
the diagnosis clear between tetanus and hysteria :!

Y Nerwvous Diseases, by Prof. H. C. Wood.
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TETANUS.

HYSTERICAL TETANUS.

STRYCHNIN-POISONING.

Muscular symptoms
usually commence
with pain and stifiness
in the back of the
neck, sometimes with
slight muscular twitch-
ing; come on gradu-
ally. Jaw one of the
earliest parts affected ;
rigidly and persistent-
ly set.

Persistent muscular
rigidity very generally,
with a greater or less
degree of permanent
opisthotonos, empros-
thotonos, pleurosthot-
onos, or orthotonos.

Consciousness pre-
served until near
death, as in strychnin-

poisoning.

Draughts, loud
noises, etc., produce
convulsions, as in
strychnin - poisoning ;
may complain bitterly
of pain.

Eyes open and rig-
idly fixed during the
convulsion,

Commences with
blindness and weakness.

Muscular symptoms
' commence with rigidity
of the neck,which creeps
" over the body, affecting
' the extremities last. Jaws
rigidly set before a con-
vulsion, and remain so
between the paroxysms.

Persistent opisthoto-
nos and intense rigidity
between the convulsions
and after the convulsions
"have ceased, the opis-
thotonos and intense rig-
idity lasting for hours.

Consciousness lost as
the second convulsion
comes on, and lost with
every other convulsion,
the disturbunce of con-
sciousness and motility
being simultaneous.

Crying-spells alterna-
ting with convulsions.

Eyes closed.

Partial spasm in the
leg,producingin Wood's
cases crossing of the feet
! and inversion of the toes.
"If all the muscles were
i involved,eversion would
!'occur, as the muscles of
| eversion are the stronger.

Begins with exhilaration and
restlessness, the special senses
being usually much sharpened.
Dimness of vision may in some
cases be manifested later, after
the development of other symp-
toms, but even then it is rare,

Muscular symptoms develop
very rapidly, commencing in the
extremities, or the convulsion
when the dose is large seizes
the whole body simultaneously.
Jaw the last part of the body
to be affected; its muscles re-
lax first, and even when, during
a severe convulsion, it is set, it
drops as soon as the latter ceases.

Muscular relaxation (rarely a
slight rigidity) between the con-
vulsions, the patient being ex-
hausted and sweating. If re-
covery occurs, the convulsions
gradually cease, leaving merely
muscular soreness, and some-
times stifiness like that felt after
violent exercise.

Consciousness always pre-
served during contulsions, ex-
cept when the latter become so
intense that death is imminent
from suffocation, in which case
sometimes the patient becomes
insensible from asphyxia, which
comes on during the latter part
of a convulsion and is almost a
certain precursor of death.

The *“slightest breath of air”
produces convulsion. Patient
may scream with pain or may
express great apprehension, but
“crying-spells’’ would appear
to be impossible.

Eyes stretched wide open.

Legs stiffly extended with
feet everted, as the spasms affect
all the muscles of the leg.
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Tetany is distinguished from tetanus by the milder nature
of the spasms, by the greater limitation of the rigidity, by the
fact that spasms begin in the hands or feet, not in the jaw and
neck, and in most cases by periods of distinct intermittence.

Treatment.—Far better even than to treat tetanus well is
to prevent it. Careful antisepsis will banish it as a sequence
of surgical operations as thoroughly as it has banished sep-
ticemia. Every wound must be disinfected with the most
scrupulous care. Every punctured woundis to be incised
to its depth and thoroughly cleaned and drained. Puer-
peral tetanus is prevented by antiseptic midwifery, and
tetanus neonatorum is obviated by the antiseptic treatment
of the stump of the cord. When tetanus exists, always look
for a wound, and if one is found, open it ; if there are sloughs,
cut them away, wash the wound with peroxid of hydrogen
and then with a hot solution of corrosive sublimate (1 :500),
dry the wound with gauze, paint the surfaces of the wound
with bromin, and secure drainage by packing with iodoform
gauze. Dennis disinfects the wound with a solution of tri-
chlorid of iodin (3 per cent.).

Keep the patient in a darkened, well-ventilated, and quiet
apartment, so as to exclude as far as possible peripheral irri-
tation. Watch for the occurrence of retention of urine, and
use the catheter if it is necessary. Secure movements of the
bowels by administering salines, castor oil, croton oil, or
enemas. Give plenty of concentrated liquid food, and stimu-
late freely with alcohol. If swallowing causes convulsions,
give an inhalation of nitrite of amyl before an attempt is
made to swallow. If this treatment does not make swallow-
ing possible, partially anesthetize the patient and feed him by
means of a pharyngeal tube passed through the nose. Large
doses of the bromid of potassium, or of this drug with chloral,
give the best results, as far as drug treatment is capable of
giving results. If bromid is used, give about 3j every four to
six hours. Other drugs that have been used with some suc-
cess are gelsemium, morphin, curare, injections and fomen-
tations of tobacco, physostigmin, anesthetics, cocain, and can-
nabis indica. An ice-bag to the spine somewhat relieves the
girdle-pain. Hot baths have been advised.

Yandell says, in summing up Cowling’s report on tetanus:
“ Recoveries from traumatic tetanus have been usually in
cases in which the disease occurs subsequent to nine days
after the injury. When the symptoms last fourteen days,
recovery is the rule, apparently independent of treatment.

1

v American Practitioner, Sept., 1870.
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The true test of a remedy is its influence on the history of
the disease. Does it cure cases in which the disease has set
in previous to the ninth day? Does it fail in cases whose
duration exceeds fourteen days? No agent tried by these
tests has yet established its claims as a true remedy for
tetanus.”!

It is now claimed by some observers that we have a rem-
edy which fulfils the requirements of Yandell in the tetanus
antitoxin serum of Tizzoni. A horse is injected repeatedly
with the toxins obtained from cultures of tetanus bacilli, the
strength of the injections being gradually increased. Even-
tually the animal becomes immune to tetanus. Some days
after the final injection a cannula is placed in the jugular
vein of the immunized animal, blood is drawn into a sterile
vessel and is permitted to coagulate during twenty-four
hours, and at the end of this period the serum is separated
from the clot, is evaporated to dryness in a vacuum over
sulphuric acid, and the powder is placed in hermetically
sealed glass tubes. In order to use the serum dissolve the
powder in sterile water, in the proportion of 1 gm. to 10 c.c.
The fluid serum sold in the shops bears this proportion to
the powder. The serum can be given subcutaneously or
intravenously or can be injected into the brain. If used sub-
cutaneously, from 20to 30 c.c. of the fluid serum should be
injected into the abdominal wall, and this dose should be
given every six or eight hours until there is improvement,
Then from 5 to 10 c.c. should be given every six or eight hours.
As the symptoms abate the doseis lessened and the intervals
between the doses areincreased. Ina violent case of tetanus
the first dose should consist of 40-50 c.c., and this can be re-
peated in four or five hours. In a case of tetanus which
recovered, reported by Mixter, enormous doses were given.
This patient received in the aggregate 3400 c.c. of serum, or
285 c.c. a day? Roux and Borrel maintain that the toxins
of tetanus pass from the blood into nervous tissue and are
fixed in the nerve-cells. As the antitoxin when given hypo-
dermatically or intravenously remains in the blood, it can only
antidote the poison in the blood and not that in the nerve-
cells. These observers advise that the antitoxin be placed
where the toxins are active, that is, that it be thrown into the
cerebrum. The skull is trephined or opened with a small
drill, a blunt needle is passed to the depth of one and a half
inches into the frontal lobe, and the serum is slowly injected.

Y Quoted by Hammond, in his Diseases of the Nervous System.
? Boston Med. and Surg. Jour., Oct. 6, 1898.
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The serum should be concentrated. One gram of dry anti-
toxin is dissolved in 5 c.c. of water, and this amount is the
proper dose. The opposite frontal lobe should also be in-
jected either at once or the next day. Even when serum
has been injected into the cerebrum it should also be given
subcutaneously.

The value of the tetanus antitoxin is doubtful. It seems
to distinctly benefit chronic tetanus, but to have only a trivial
effect on the acute disease. Nancrede estimates that antitoxin
treatment has lessened the mortality of acute tetanus about
5 per cent. The intracerebral injection is still an experi-
ment. Kitasato has shown that injections of iodoform render
animals immune, and Sonnani has maintained that this drug
in a wound prevents the disease. If antitoxin is not obtain-
able, give hypodermatic injections of iodoform, 3 to 5 grs.
tid

XIil. TUBERCULOSIS.

Tuberculosis is an infective disease due to the deposition
and multiplication of tubercle bacilli in the tissues of the
body. It is characterized either by the formation of tubercles
or by a widespread infiltration, both of these conditions tend-
ing to caseation, sclerosis, or ulceration.

A tubercle is an infective granuloma, appearing to the
unaided vision as a semitransparent gray mass the size
of a mustard-seed. The microscope shows that a gray

tubercle consists of a number of
cell-clusters, each cluster constitut-
ing a primitive tubercle. A typi-
cal primitive tubercle shows a cen-
ter consisting of one or of several
polynucleated giant-cells surround-
ed by a zone of epithelioid cells
which are surrounded by an area
of leukocytes. When the bacillus
obtains a lodgement the fixed con-
nective-tissue cells multiply by kary-
okinesis, forming a mass of nucleated
polygonal or round cells, called * epi-
thelioid” from their resemblance to
epithelial cells, and at the same time
) . the blood-supply of the growth is
',',‘,i;w;‘,1,"53'.'.',’?2;’1‘1', '}‘f;’j‘lf{i:;'f_‘ limited by occlusion of surrounding
vessels through multiplication of the
cells of their endothelial coats. Some of the epithelioid cells
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proliferate, and others attempt to, but fail for want of blood-
supply. Those which fail to multiply succeed only in dividing
their nuclei and enormously increasing their bulk (giant-cells).
Giant-cells, which may also form by a coalescence of epi-
thelioid cells, are not always present. The presence of irri-
tant bacterial products induces surrounding inflammation and
numbers of leukocytes gather about the epithelioid cells (Fig.

The bacilli, when found, exist in and about the epithe-
lioid cells, and sometimes in the giant-cells. They may not be
found, having once existed, but having been subsequently
destroyed. Bacilli, when present, can easily be overlooked.
In an active tubercular lesion, even if the bacilli be not found,
injection of the tubercular matter into a guinea-pig will pro-
duce lesions in which they can be demonstrated. A tubercle
may caseate—a process that is destructive and dangerous
to the organism. Caseation is due to a coagulation-necrosis
arising from direct microbic action upon a cellular area which
contains no blood-vessels, the nutrition of the area being cut
off by obliteration of surrounding vessels. This process
starts at the center, and the entire tubercle becomes converted
into a soft yellowish-gray mass. Caseation forms cheesy
masses, which may soften into tubercular pus, may calcify,
may become encapsuled by fibrous tissue, and may be replaced
by an area of sclerosis. '

A tubercle may undergo sclerosis, which is an attempt on
the part of Nature to heal and repair. Coagulation-necrosis
occurs in the center of the tubercle; * hyaline transformation
proceeds, together with a great increase in the fibroid ele-
ments, so that the tubercle is converted into a firm, hard
structure ” (Osler). Infiltrated tubercle is due to the running
together of many minute infective foci, or to widespread infil-
tration without any formation of foci. Infiltrated tubercle
tends strongly to caseate.

The bacillus of tubercle, discovered by Koch, is a little
rod with a length equal to about half the diameter of a red
blood-corpuscle. It can be stained with anilin, and this stain
is not removable by acids (it being the only bacillus except
leprosy which acts in this way). In its growth the tubercle
bacillus causes the formation of toxins, and the absorption
of toxins induces constitutional symptoms. These bacilli
exist in all active lesions: the more active the process the
greater is their number. They may be widely distributed,
and are occasionally though rarely identified in the blood.
They exist in enormous numbers in phthisical sputum, but
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are not found in the breath of consumptives. Their great
medium of distribution is dried sputum mixed with dust.
They are found in the milk of tubercular cows, and some-
times in the meat of diseased animals.

Infection may be due to hereditary transmission. Con-
genital tuberculosis is occasionally, though rarely, seen.
Tuberculosis is apt to appear in young children. Some
think this is due to infection from without upon tissues
whose resistance is lowered by hereditary predisposition ;
others think it is due to a tardy development of the germs
transmitted by heredity. That the disease may be present
in a latent form is shown by the experiment in which the
viscera of the fetus of a consumptive mother showed no
tubercles, but produced the disease in guinea-pigs when
inoculated.! Tuberculosis may arise by inoculation, inocu-
lation-tuberculosis being seen inleather-workersand in those
who dissect tubercular bodies (butchers and doctors are
liable to anatomical tubercle). Osler mentions as other causes
of inoculation the bite of a tubercular patient, the washing
of infected garments, and circumcision in which suction is
employed by anindividual with phthisis. Granulation-tissue,
chronic abscess, and areas of dermatitis may be infected from
without (G. R. Fowler). Infection through the air is very
common. The bacteria of the dried sputum adhere to par-
ticles of dust and are carried into the lungs. Infection by
meat, milk, and other foods may arise by this dust settling
upon them in quantity, but more often it is due to disease
of the animals. Milk is a common vehicle of contagion,
and it can be infected even when an ulcerated udder does
not exist.

Infection is favored by hereditary predisposition—that is
to say, by hereditary tissue-weakness, which, by maintaining
a lowered momentum of nutritive processes, lessens the nor-
mal resistance to infection. Hutley studied 432 cases of
tuberculosis. In 23.8 per cent. one or both parents had the
disease (the father alone in 11.5 per cent., the mother alone
in 9.9 per cent.,,and both in 2.4 per cent). Two types of
these predisposed persons are mentioned: (1)the sanguine
type, or those with oval faces, clear skin, large blue eyes,
long lashes, a nervous manner, precocious minds, little
fat, and with long, slender bones, these children being often
graceful and beautiful; and (2) those with stolid counte-
nances, thick lips and noses, thick, muddy skin, dark, coarse
hair, swollen necks, heavy bones, clumsy gait, and ungainly

! Quoted by Osler from Birch-Hirschfeld.
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figure. The latter type is the phlegmatic form—the classical
scrofula.

Tubercle tends to arise at points where the normal resist-
ance of the tissue is lessened by disease or injury, the process
of phagocytosis being in such a spot limited in activity, and
the germicidal power of the body-fluids being at a low ebb.
The organisms, which are destroyed by healthy cell-activities,
are victorious when those activities are diminished. Catar-
rhal inflammations of the air-passages favor phthisis, and
slight traumatism is not unusually followed by a develop-
ment of tubercle. Severe traumatism is rarely followed by
tubercular trouble. It is probable that in a slight trauma-
tism a sufficient number of leukocytes do not gather, and a
sufficient amount of serum is not effused to kill the bacteria.
Lowered health, impure air,and improper or insufficient food
all favor the development of tubercle. When an area
becomes tubercular it is not unusual for indican to appear in
the urine. Any tubercular process tends to spread locally
and to produce inflammation. A tubercular area is always
a danger to the system; from this as a focus dissemination
may occur, tubercular lesions appearing in a distant part or
general tuberculosis setting in.

Scrofula is not a disease. It is a condition of tissues in
which low resisting power makes them hospitable hosts to in-
vading bacilli of tubercle. Some observers teach that scrofula
is tuberculosis of bones, glands, and joints; others teach that
it is latent tuberculosis until some cause lights it into activity ;
while still others say that it is a tendency rather than a dis-
ease. It is certain that some lesions of scrofula are not tu-
bercular (eczema capitis, facial eczema, corneal ulcers, gran-
ular lids, and chronic catarrhal inflammations), and that they
result from ill-health, poor nutrition, bad air, and improper
diet. A person who is recognized as of a scrofulous type
may never develop tubercular lesions. It is unquestionable,
however, that strumous subjects are peculiarly apt to develop
true tubercular lesions. These lesions often appear after a
tissue or an organ has become the seat of a primary non-
tubercular inflammation ; the bacilli, which could not live in
the healthy tissue, thrive in the tissue weakened by disease.
Scrofula is generally of congenital origin, one or both parents
being tubercular, scrofulous, or in ill-health; it may, how-
ever, be acquired as a result of poor food, bad air, crowding,
and general lack of sanitation. The scrofulous are very
prone to develop tubercular lesions of bones, joints, and
lymphatic glands.

13
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Tubercular Abscess.—For description of Tubercular
Abscess, see p. 134.

Tuberculosis of the Skin.—Zupus begins before the
age of twenty-five, most usually upon the face, especially
the nose. Three forms are recognized: (1) /upus vulgaris,
in which pink nodules appear that after a time ulcerate and
then cicatrize partly or completely. These nodules resemble
jelly in appearance; (2) Zupus exedens, in which ulceration is
very great; and (3) lupus hypertrophicus, in which large
nodules or tubercles arise. Lupus may appear as a pimple,
as a group of pimples, or as nodules of a larger size. The
ulcer arises from desquamation, and is surrounded by inflam-
matory products which, by progressively breaking down, add
to the size of the raw surface. The ulcer is usually super-
ficial, is irregular in outline, the edges are soft and neither
sharp nor undermined, the sore gives origin to a small amount
of thin discharge,the parts about are of a yellow-red color,
the edges are solid and puckered and scar-like, and there is
no pain. The ulceris often crusted, the crusts being thin and
of a brown or black color; it may be progressing at one
point and healing at another; it is slow in advancing, but
often proves hideously destructive. The scars left by its
healing are firm and corrugated, but are apt to break down.
Clinically it is separated from a rodent ulcer by several points.
The rodent ulcer is deep, its edges are everted, and the parts
about filled with visible vessels. It is not crusted, has not a
puckered edge, does not spontaneously heal at any point,
and its edges and base are hard.

Anatomical tubercle, the verruca necrogenica of Wilks,
is due to local inoculation with tubercular matter. It is met
with in surgeons, the makers of post-mortems, leather-
workers, and butchers, usually upon the backs of the hands
and fingers. It consists of a red mass of granulation-tissue
having the appearance of a group of inflamed warts. Pus-
tules often form.

Scrofulodermata or tubercular gummata are chronic
inflammations of the skin, the granulation-tissue product of
which caseates, mixed infection occurs, and small abscesses,
sinuses, or ulcers form. A tubercular ulcer has a floor of a
pale color, and has no granulations at all, or is covered with
large, pale, edematous granulations. The discharge is thin
and scanty. It is surrounded by a considerable zone of
purple, tender, and undermined skin, which is apt to slough.
When healing occurs the skin puckers and usually inverts.

Tuberculosis of Subcutaneous Connective Tissue.
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—In this form of tuberculosis nodules of granulation-tissue
form and break down (tubercular abscesses). In the deeper
tissues these abscesses are usually associated with bone-,
joint-, or lymphatic-gland disease (see Cold Abscess, p. 134).

Tuberculosis of the Mammary Gland.—(See p. 137).

Pulmonary Tuberculosis.—In adults the lungs are
more commonly affected than any other structure. The
lung affection may be primary or may be secondary to some
distant tubercular process. Pulmonary tuberculosis belongs
to the province of the physician and requires no description
here.

Tuberculosis of the Alimentary Canal.—A tuber-
cular ulcer of the lip occasionally occurs, and may be mis-
taken for a cancer or a chancre. A tubercular ulcer of the
tongue is commonly associated with other foci of disease.
Such ulcers are separated from cancer by their soft bases
and edges and by the rarity of glandular enlargements,
and from syphilitic processes by the therapeutic test. Con-
firmation of the diagnosis is obtained by cultivations and in-
oculations. Tubercle may affect the pharynx, palate, tonsils,
and very rarely the stomach. It is thought that the acid
gastric juice must protect the stomach from tubercle, because
tubercle bacilli are frequently introduced into the stomach,
but the organisms very rarely lodge and multiply in the
stomach-wall.

Intestinal tuberculosis may follow pulmonary tuber-
culosis, but it may arise primarily in the mucous membrane
of the bowel or result from tubercular peritonitis. Intestinal
tuberculosis causes diarrhea and fever, may resemble appen-
dicitis, and may cause abscess and perforation. Fistula in
ano is frequently tubercular, and when it is the lungs are very
often involved, the pulmonary lesion being usually primary.

Tuberculosis OF the Liver.—Tubercular disease of the
liver causes cold abscess or cirrhosis.

Peritoneal tuberculosis may be primary, infection hav-
ing been by way of the blood, may be part of a diffused
process, or may follow intestinal tubercle, the serous and
muscular coats of the bowel having been at some point in
contact or a follicular ulcer having perforated (Abbe). The
germ may have entered by the Fallopian tube. It may be
due to ovarian or Fallopian tuberculosis, or to ulceration
of a tubercular appendix. It usually causes ascites, tym-
pany, and tumor-like formations composed of adherent
bunches of bowel or omentum or distended mesenteric
glands.
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The pericardium may be attacked with primary tuberculo-
sis, or the process may be secondary to pleural tuberculosis.

Tuberculosis of the pleura is not uncommon. Tuber-
cular pleurisy may be acute or chronic. In some instances
mixed infection takes place and suppuration occurs. The
tuberculosis may be primary, but is usually secondary to
pulmonary tuberculosis, and may be due to direct extension
or to the rupture of an area of pulmonary softening.

Tuberculosis of the brain induces meningitis and
hydrocephalus (p. 674).

Tubercular disease of bone is very common in youth,
and is usually preceded by a sprain or a contusion, which is
oftener slight than severe. The injury establishes a point of
least resistance, and in the damaged area the bacilli are
deposited and multiply. The organisms may be deposited
directly from the blood, or may arrive in an embolism from
a distant tubercular focus (lung or lymph-gland), which
embolus is caught in a terminal-artery in the end of a long
bone and causes a wedge-shaped infarction (Warren).

Tubercular osteitis, as a rule, begins just beneath the
articular cartilage or in the epiphysis (Warren). The prod-
ucts of the tubercular inflammation may be absorbed, may
be encapsuled by fibrous tissue, or may caseate.

Tubercular disease of the joints is called “ white
swelling ” and also pulpy degeneration of the synovial mem-
brane. Joints are especially liable to tuberculosis in youth,
although the wrist and shoulder not infrequently suffer in
adult life. Joint-tuberculosis is often preceded by an injury.
The tubercular process may begin in the synovial membrane.
Primary synovial tuberculosis is most often met with in the
knee-joint. Usually the disease begins in the head of a
bone, dry caries resulting, necrosis ensuing, or an abscess
forming which may break into the joint.

Tuberculosis of lymphatic glands is known as “ tu-
bercular adenitis.” It is the most typical lesion of scrofula.
The common antecedent of a tubercular adenitis of the neck
is slight glandular enlargement as a result of catarrhal in-
flammation of the mucous membrane of the mouth. Tuber-
cular adenitis is most frequent between the third and fifteenth
years. A person not of the tubercular type may acquire
tuberculosis of the glands, but the disease is unquestionably
of much greater frequency in those who are recognized as
predisposed to tuberculosis. Tubercular glands may get
well, may even calcify, but usually caseate if left alone.
After healing they may break down and soften (residual
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abscess). They very frequently suppurate because of mixed
infection. Though at first a local disease, tubercular glands
may prove to be a dangerous focus of infection, furnishing
bacteria which are carried by blood or lymph to distant
organs or throughout the entire system. Glandular enlarge-
ment is in rare instances widely diffused, but it is far more
commonly localized. Enlargement of the cervical glands is
most common. Tubercular disease of the mesenteric glands
causes tabes mesenterica.

Cervical lymphadenitis may be confused with lymphade-
noma. The former, as a rule, first appears in the submaxil-
lary triangle, the latter in the occipital or sternomastoid
glands. Tubercular glands weld together, they are apt to
remain localized for a considerable time, and they tend to
soften. They may be accompanied by other tubercular
manifestations. Lymphadenoma from the start affects many
glands, it may be in several regions, although in some cases
there is a distinct beginning in one region. Lymphadenoma
shows very little tendency to suppurate and does not break
down except late in the course of the disease, and is accom-
panied by great debility and anemia. Malignant gland-
tumors infiltrate adjacent glands and other structures, binding
skin, muscles, and glands into one hard, firm mass.

Tuberculosis of the Kidney (page 958).—Tubercu-
losis may affect the ureter, bladder, prostate gland, seminal
vesicles, urethra, Fallopian tube, ovary, and uterus.

Tuberculosis of the Testicle.—This disease is not
rare. It is rarely primary, being usually preceded by tuber-
culosis of the kidney, bladder, or prostate. But one testicle
is affected in the beginning, but the other gland is apt to be
attacked later. The disease appears as a painless nodule in
the epididymis, and as the testicle and the vaginal tunic
become involved a hydrocele forms. The tubercular mass
softens, becomes adherent to the scrotum and breaks or
bursts, exposing the damaged testicle (fungus of the testicle).
The cord is always involved in tuberculosis of the testicle.

Diagnosis of S8urgical Tuberculosis.—The diagnosis
may be determined by purely clinical facts. It may require
the use of the microscope, cultivation-experiments, or inocu-
lations. In a suspected tubercular lesion remove a portion
of the tissue if it be accessible (by Mixter’s cannula), and
make sections, stains, and cultivations. If no bacilli are
found, inoculate a guinea-pig with the suspected material.
If it be tubercular, the animal will develop miliary tuber-
culosis in a few weeks.



198 TUBERCULOSIS.

Prognosis.—The prognosis varies with the age, sex, dura-
tion, extent, and situation of the lesion. The prognosis is
best in children, and is better in males than in females.
Tuberculosis of the skin gives a fair prognosis. Tubercular
adenitis is often cured. Any tubercular lesion is, however, a
menace to the organism, and tends strongly to recurrence.

Treatment.—Destroy the bacilli present and radically re-
move infected areas which are accessible. Never be satisfied
with the removal of part of a diseased focus. Incomplete
operations are apt to be followed by diffuse tuberculosis,
because many pathways, vascular and lymphatic, are opened
to infection. Among the many drugs which have been
recommended for local use we mention the following : iodin,
carbolic acid, guaiacol, arsenous acid, corrosive sublimate,
chlorid of zinc (Lannolongue), phosphate of iron, balsam
of Peru (Landerer), camphorated naphtol, oil of cinnamon,
cinnamic acid (Landerer), and iodoform.! Iodoform used
locally upon or in tubercular areas is of great value, and
there is no drug which takes its place. Lupus may be
treated by the application of blue ointment; by curetting,
cauterizing with carbolic acid, and dressing with iodoform ;
by excision, followed in some instances by sliding in of a
flap of sound tissue or immediate skin-grafting. If treating
a nodular and non-ulcerated area, wash it with a 2 per cent.
solution of corrosive sublimate and inject several nodules
with camphorated naphtol, one drop for each nodule. In
seven or eight days inject other nodules, and so on. Koch'’s
lymph has cured some cases of lupus. Enlarged glands
of uncertain character and very recent tubercular enlarge-
ments should be treated by rubbing ichthyol into the skin
over the glands and treating the patient hygienically, and by
the internal administration of antitubercular drugs. If this
plan fails to cure, the glands should be removed. When
glands break down they should be removed, or should be
opened, curetted, and packed. The rule must be to com-
pletely dissect out enlarged lymphatic glands which fail to
quickly respond to treatment, removing capsules and glands.
In any tubercular trouble climate is of very great impor-
tance. Osler sums up climatic necessities as “ pure at-
mosphere, equable temperature, and maximum amount
of sunshine.” Open-air life is imperative. The patient
must have a well-ventilated sleeping-room, and his house
should be free from dampness. Nourishing diet is essen-

1See article upon “ Tuberculosis,”” by George Ryerson Fowler, Brooklyn
M.d. Jour.,Nos. 8 and 9, 1894.
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tial. To secure a gain in weight is a constant aim. Give
meat, milk, cream, butter, and cod-liver oil. The oil is
poorly borne in hot weather, during which period it should
be discontinued. Advancing doses of beechwood, creasote,
guaiacol carbonate, arsenic, quinin, and stimulants have their
uses. (For treatment of tuberculosis of bones, joints, peri-
toneum, pleura, etc., look under special regional headings.)

Bicr's Method —A few years ago Bier set forth a new
plan for treating tubercular lesions. It consists in causing
venous obstruction and passive congestion. In the area of
passive congestion the tissue-cells form antitoxins which
kill the bacteria or attenuate their virulence. The treatment
is founded upon the principle announced by Laennec, that
“ cyanosis is antagonistic to tubercle.” The plan is applied
particularly in joint-tuberculosis. An elastic band three
inches broad is placed around the limb, above the seat of
disease, and it is applied sufficiently tight to cause conges-
tion. Several pieces of lint ought to be interposed between
the skin and the band. By applying a flannel bandage
from the periphery to the lower border of the disease the
congestion is limited to the area of trouble. The patient
should wear the band continually and move about with it
on. Some people wear it without any inconvenience, but
others complain greatly after wearing it but a short time.
Bier and others have reported cures.

Kocl's Tuberculin.—The specific treatment by Koch’s tu-
berculin or paratoloid has excited widespread interest. It
has not fulfilled the expectations which many entertained,
but does benefit some cases, notably lupus. A serious draw-
back to the value of Koch’s tuberculin is that it often causes
fever and inflammation to a dangerous degree. In some
cases, as Virchow showed, it produces acute miliary tubercu-
losis. Koch's lymph is a glycerin-extract of a culture of
tubercle bacilli, and the usual dose is 1 milligram, given hy-
podermatically into the back by Koch's pistonless syringe.
After it has been used for a time the dose may be increased
to 10 milligrams, or even much more. Bergmann gave 1
gram. Koch’s lymph causes inflammation and necrosis of
tubercular tissue by the action of certain antitoxins. Many
cases it improves. Some cases it apparently cures, but the
disease is apt to return. In pulmonary tubercle it must not
be given if there be much fever or extensive consolidation.
Chiene used tuberculin largely in joint-cases by giving two
or three doses a day and increasing the dose. It is best to
associate other treatment with the lymph. Tuberculin may
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be used for diagnostic purposes in animals. If tuberculosis
exists, an injection of tuberculin produces a marked reaction.
Czerny has shown that in renal tuberculosis in a human
being bacilli are often absent from the urine, but an injection of
tuberculin will cause bacilli to appear plentifully. Koch has
recently modified his tuberculin. He makes it as follows:
dried cultures of bacilli are mixed with distilled water, and
the mixture is agitated in a centrifuge. Two layers separate.
The upper layer is the old tuberculin. The lower layer is
the new tuberculin. The new tuberculin is given hypoder-
matically, at first in very small doses, but finally in doses as
large as 20 milligrams. It is not to be given in far advanced
cases or cases with much fever.

Hunter, of Lon