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FOREWORD

IT is with very mixed feelings that I sit down to write a Foreword to
this the thirteenth edition of ‘“ Rose and Carless,” which for me
is in reality a valedictory message. I am proud and happy to have
been permitted to send out twelve editions during the past thirty-
two years, and throughout this long period the book has rctained
its popularity, and has, I trust, fulfilled the purpose with which it
was originally conceived—viz., to serve as a textbook for students
preparing for their examinations, and also to be of use to practi-
tioners when face to face with surgical problems in after-life. The
constantly recurring testimony of those whom 1 have met in all
parts of the English-speaking world makes me realize with much
gratitude that this effort has not been in vain. The work was
necessitated by the revolutionary changes that followed the teach-
ing and practice of Lister, and made existing surgical textbooks
of little use. The material was really an elaboration of notes
which T had employed in tutorial classes for the Final Fellowship
examination; this was worked over carefully with my late colleague,
Mr. William Rose, and when the time appeared favourable was put
into print. The resulting book was received with gratifying favour,
and fresh editions were soon required.  The burden of preparing these
fell almost entirely on my shoulders, and ever since the retirement
of my colleague I have been solely responsible for them, with the
assistance of friends to whom I have been indebted for advice on
special scctions, and without whose splendid help T could never
have carried on. They are altogether too numerous to mention,
but to one and all of those who survive I would offer my very true
thanks.

The preparation of illustrations constitutes no small part of the
work of author or editor, and to friends who have helped by pro-
viding these, and to the artists who have worked upon them, the
book is much indebted.

Behind all these collaborators and occupying a place of helpful-
ness sccond to none, I would express thanks to the publishers, and
especially to Mr. A. A. Tindall, jun., who has always been rcady
with valuable suggestions, useful encouragement, and tactful advice,
and has not stinted the provision of illustrations or other costly
means for improving the book and furthering its interests.

Thus it has progressed for thirty years, with constant changes
necessitated by the rapid advances of one of the most progressive
sciences. There was a time when surgery was looked upon as
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vi FOREWORD

““ merely common sense with a little technical knowledge,” as one
of my old teachers used to say, but during my lifetime it has been
transformed, and is now a beneficent and beautiful art based on
sound scientific principles.

The time has at length come when by lapse of years I must lay
down the editorial pen and pass over the work to younger hands
and brains. I am happy in having one of my old pupils and house
surgeons in the place of editor-in-chief, and I feel confident that
Mr. Cecil P. G. Wakeley, who has already helped me in two editions,
will not only maintain the work on the old lines and carry on
the old traditions (in so far as they are good and true), but will also
bring to it the energy and freshness which are only too likely to be
missing when the direction is retained too long by one person. He
has already suggested improvements which have been brought into
effect, and will, I believe, add to the usefulness and value of the
book, and he has gathered round him a band of fresh workers whose
contributions will be most valuable. Amongst them I greet most
heartily his colleague on the surgical staff at King’s College Hospital,
Mr. John B. Hunter, whose name and ancestry are a sufficient
recommendation. The co-operation of these helpers ensures that
what is here sent forth is up-to-date, and thus I am able to hope with
confidence that the future success of the book will not be less than
that which it has secured hitherto. The old title will be retained,
and I am glad to think that my name and that of my colleague,
Rose, will still be remembered. The work has been my main con-
tribution to the profession which I have loved so truly and striven
to serve faithfully. From my Scottish home I shall watch its
progress with affectionate interest.

ALBERT CARLESS.

OVERDALE,
CRIEFF,
PERTHSHIRT .
August, 1930



PREFACE

THREE years only have elapsed since the last edition of this book
was published, and yet surgery has made many advances during
this comparatively short time. When my late chief, Mr. Albert
Carless,decided to take no active part in the production of the present
edition, it came as a great blow, for his stimulating enthusiasm,
his wealth of surgical knowledge, and his ever-ready help were
invaluable in the preparation of former editions with which I
was associated. I have, however, been most fortunate in having
his help in reading the proofs, and in giving us many valuable
suggestions which have proved more than useful.

The name of Carless will be remembered for many years to come,
as his textbook, which first appeared in 1898, has already gone
through twelve editions, and has been translated into many
languages, including Chinese and Arabic. In the Preface of the last
edition the work of Lister and its bearing on the surgery of to-day
was alluded to. One cannot help but feel that Lister’s teaching
and example have been handed down to us pure and unsullied by
Albert Carless. It has, indeed, been an honour and a privilege to be
associated with such a work. I wish its first collaborator well-
earned rest and much happiness in that delightful spot, Crieff, where
he has now settled.

Surgery is a progressive science, and it was naturally impossible
for me to undertake the responsibility of such a publication without
first-class assistance. My friend and colleague, Mr. John Hunter,
has collaborated with me in this edition, and his opinions and
advice have proved of inestimable value. Dr. Carnegie Dickson
has kindly revised the earlier chapters dealing with Bacteriology,
Inflammation, Immunity, etc. Mr. V. E. Negus has brought
up-to-date those chapters concerned with the Surgery of the Ear,
Nose, and Throat. Mr. Bishop Harman has written a chapter
on the Surgical Affections of the Eye, which I feel sure will
be of great assistance to students and practitioners. Another
valuable contribution is a chapter on Tropical Surgery, by Sir Frank
Powell Connor, which is new to this edition, tropical conditions
formerly being dealt with piecemeal throughout the book. Mr.
Eardley Holland has rewritten the section on the Surgery of the
Female Genital Organs, and Dr. Charles I'. Hadfield has revised the
chapter on Anwsthesia. The Radiographic Supplement, for which
Dr. Graham Hodgson is responsible, is entirely new. It is a real
pleasure to record my thanks to these collaborators for the wealth

vi




viii PREFACE

of new material which they have enabled me to add to this
edition. ’

It has naturally been my constant aim to prevent any increase
in the size of the hook, and in spite of the inclusion of these new
chapters, its bulk has been but slightly augmented.

In a textbook which is written for students and practitioners, it
is essential that the illustrations should be numerous and of good
quality. Many new illustrations have been used in this edition,
including five in colour and over thirty in the Radiographic Supple-
ment, and most of them have been specially drawn by Miss Mary
Barclay-Smith, to whom I now offer my warmest thanks for the
skilful way in which she has carried out this part of the work. The
microscopic drawings are the work of Mr. Richard Muir, the well-
known Demonstrator of Pathological Technique in the University
of Edinburgh. His drawings, both coloured and line, are as perfect
as it is possible to get them, and I wish to thank him for his great
assistance.

The publishers have done everything in their power to ensure that
the technical side of the production of the book and the illustrations
shall be of a high standard. To the furtherance of this end the
format has been altered and the general appearance of the volume
modernized. Tllesz.&.oi.ihﬁupm, has been.increased, and the
binding has been changed from the old-fashioned crushed back with
black lettering to a maroon cloth with gold letters. I feel sure that
these innovations will be approved, and am glad to take the oppor-
tunity of thanking most sincerely the publishers (and I might also add
the printers’ readers) for the great assistance they have been to me
in seeing this edition through the press. No one who has not had
to deal with the production of a large textbook can realize the mass
of detail involved, and the numerous pitfalls from which the publisher
can do much to safeguard the author. The cross-references and
figure references alone in this work run into thousands, quite apart
from the index.

It has been my endeavour to bring the text completely up-to-date,
and the modern use of radium in the treatment of malignant disease
has received due recognition. The injection treatment of varicose
veins and haemorrhoids, the Winnett-Orr treatment of compound
fractures, and the tannic acid treatment of burns, are a few of the
new subjects which have been incorporated.

CECIL P. G. WAKELEY.
24, QUEEN ANNE STREET, W. 1.
August, 1930.
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PLATE 1.

Fic. 1.—FiLm oF PuUs CONTAINING
STAPHYLOCOCCI, SHOWING THE GRAM-
Positive Cocct IN TypicAL BUNCHES.

A small mononuclear cell contains the
remains of an ingested pus-cell.
(Gram’s Stain, x 1000.)

F16. 3.~FILM OF SPUTUM, SHOWING
Mixep INFECTION WITH GRAM-
PosiTive PNEUMOCOCCI, AND GRAM-
NEGATIVE FRIEDLANDER’S B. PNEU-
MONIZE (LARGER) AND PFEIFFER’s B.
INFLUENZZ (SMALLER BACILLI).

(Gram's Stain, X 1000.)

F1c. 5.—FiLM oF GONORRHE@AL Pus.

Two of the pus-cells are crowded with
Gram-negative gonococci, a few of
which are also free, along with
some Gram-positive staphylococci.
(Gram’s Stain, x 1000.)

Fi1c. 8. — Hor-
MANN’S PSEUDO-
DIPHTHERIA Ba-

CILLUS.

Fi1e. 7.—B. prru-
THERIE,

Film from young
blood-serum cul-

ture, showing Film from young
typical meta- blood-serum cul-
chromatic gran-: ture, showing
ules. (Neisser’s ' ‘barring,’ but

absence of meta-
chromatic gran-
ules. (Acid Tol-
uidin Blue Stain,
X 1000).

Stain, X 1000.)

F1G. 2.—FI1LM OF PUS, SHOWING SHORT
CHAINS OF STREPTOCOCCUS PYO-
GENES FOR COMPARISON WITH F1a. 1.

A few cocci have been englobed within
the cells. (Gram’s Stain, X 1000.)

F16. 4—F1LM oF EMPYEMA Pus, SHOW-
ING A PURE INFECTION WITH PNEU-
MOCOCCI, WITH THEIR CAPSULES
STAINED.

The endothelial cell contains englobed
carbon-pigment. (Rd. Muir’s Cap-
sule Stain, X 1000.)

Fi1G. 6.—ANOTHER FiLM oF Gono-
RRHEAL URETHRAL DISCHARGE,
SHOWING A PURE GoNococcaL IN-
FECTION,

The cytoplasm of two pus-cells is
crowded with gonococci, and an
epithelial cell contains two pairs.
(Eeishman’s Stain, x 1000.)

F16. 9.—FILM FRoM VINCENT's Fusl-
SPIROCHZTAL INFECTION (TONSIL),
SHOWING THE TyricaL I'USIFORM
BACILLI AND SPIROCHZZETES.

A couple of surface squamous epithelial
cells and a pus-cell are also shown.
(Leishman's Stain, X 1000.)
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CHAPTER L

BACTERIOLOGY—INFECTION—IMMUNITY.
Revisep By W. E. CARNEGIE DICKSON, M.D., B.Sc., F.R.C.P.E.

THE importance to the surgeon of a study of bacteriology is twofold.
In the first place, many surgical diseases (especially those of an
inflammatory nature) are due to the action of bacteria; secondly,
these organisms are practically ubiquitous, and in the absence of
suitable precautions will inevitably enter any external wound,
whether accidental or operative, and by their development and
the inflammatory troubles which result therefrom delay the process
of healing, or even give rise to fatal results. Hence every surgeon
must have a general knowledge of the habits and distribution of
the more important species of bacteria, their mode of life, and the
mechanism by which they give rise to morbid processes in the human
body, as well as of the methods used in their investigation. It
was only by means of such knowledge that the present methods
of treating wounds were evolved, and without it these methods
cannot be intelligently applied in actual practice. Moreover, the
diagnosis of disease is often much assisted by the bacteriological
examination of morbid products, and its cure furthered by the use
of vaccines and antisera.

Bacteria (schizomycetes, or fission fungi) form a very important
group of minute unicellular plants which multiply by simple fission.
Although several thousand species have been described, compara-
tively few are of importance in medicine or surgery. They are
devoid of organs cxcept flagella, and contain no chlorophyll.
Their structure is extremely simple, consisting of a delicate cell-
wall (composed of a condensation of the body-substance) which
encloses a mass of protoplasm, in which there may be one or more
vacuoles and a few granules of unknown nature. External to the
cell-wall there is sometimes a gelatinous capsule, which may serve
to unite the bacterial cell loosely with its neighbours. When such
capsules become very prominent, large numbers of bacteria may
become embedded in a gelatinous mass, known as a zoogleea. Cap-
sule-formation is of some importance in diagnosis; the pneumococcus,
for example, possesses a well-marked capsule when it occurs in
blood or morbid exudates, and may thereby be distinguished from

many organisms otherwise resembling it.
I
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Flagella are delicate filamentous extensions of the protoplasm,
which occur in those bacteria which are possessed of spontaneous
motility. They are sometimes of great length, but are always
extremely thin, and are visible only after the use of complicated
staining processes. Their number is of importance in diagnosis.
The typhoid bacillus, for example, has usually from twelve to twenty
flagella, but the closely-allied B. col{ has from three to six.

Nothing akin to the sexual method of reproduction has been
observed amongst bacteria. Multiplication occurs as the result of
a process of simple fission, in which the cell becomes divided by a
thin membrane into two portions, which develop into mature
organisms. The two bacteria thus produced may be entirely
separated from one another, or may remain connected by means
of the capsules described above, thereby remaining united into
groups, which are more or less characteristic of the species. This
process of division may take place with great rapidity, so that
a suitable material which has become infected with one or two
bacteria may contain vast numbers in the course of a few hours.

In many of the rod-shaped bacteria (bacilli), endogenous spore-
formation occurs, not more than one spore developing in each cell.
A spore may be looked on as a resting-stage during unsuitable
conditions of environment, and from it, when the conditions become
favourable, a fresh generation develops. Spores are round or
oval in shape, and consist of a thick wall filled with protoplasm,
which contains less water than the mature bacterium, and has,
therefore, a highly refractile appearance when seen under the
microscope. The shape and size of the spores have much diagnostic
value; thus, the bacillus of tetanus has an almost spherical spore,
which is distinctly larger than the diameter of the rod in which it
is formed; the spore of the anthrax bacillus is oval, and little or
no broader than the rod itself. The position of the spore is also
of importance. The spores of the tetanus bacillus are at its
extreme end, giving the appearance of a drumstick; those of
anthrax are central. They resist drying to a far greater extent
than do the bacteria themselves. Anthrax spores have been pre-
served in the laboratory for twenty years without loss of viability
or virulence, but asporogenous anthrax dies in a few weeks when
dried. They are also very resistant to heat. Most bacteria (when
moist) are killed when exposed to a temperature of 60° C. for half
an hour, whereas many spores will withstand boiling for ten minutes
or even much longer. Lastly, they are very difficult to kill by
means of antiseptics. Anthrax spores can be killed by immersion in
1 in 20 carbolic lotion, but only after several days. Of the bacilli of
chief interest to the surgeon B. fetani, B. anthracis, and B. aedematis
maligni form spores, and of these only B. fetani in the body;
those of glanders, tubercle, diphtheria, typhoid fever, leprosy,
influenza, and soft sore are asporogenous.

The Classification of the bacteria is based, in the first instance, on
their morphology, but, owing to the simplicity of the shape of the
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organisms, morphological characteristics have to be supplemented
by physiological and by staining and cultural properties in the
definition of the separate species. Four groups are described—
cocci, bacilli, spirilla, and spirochates.

I. Cocci are organisms which are spherical, or nearly spherical.
They constitute the simplest forms of bacteria, since but few species
possess flagella, and spore-formation is unknown. (&) Micrococci
are those forms in which there is no definite arrangement into
groups. The term ‘staphylococcus '—more properly the name of
a species, e.g. Staphylococcus pyogemes—is applied to cocci in which
the individual elements are arranged in clusters resembling bunches
of grapes (Plate I., Fig. 1). (b) Diplococci (Plate I., Fig. 4) are
arranged in pairs, the two elements arising from the division of
a-single coccus remaining in more or less close apposition; many
of them, however, develop into chains on culture. (c) Streptococci
(Plate I., Fig. 2) develop longer or shorter chains, like a necklace,
owing to the successive planes of division in which the cocci are
divided lying parallel to one another at right angles to the long axis
of the chain produced. (d) In a few cases a coccus divides into two,
which are again divided in a plane at right angles to the first, so that
the four cocci which result lie at the corners of a square; these are
called Tetrads. Lastly, (¢) Sarcine are formed by three consecutive
divisions in the three planes of space, so that the eight cocci which are
formed lie at the corners of a cube, and the group resembles a bale
of wool tightly tied in three directions. These cocci often divide
again, and lead to the formation of composite masses.

II. Bacilli (Plate I., Fig. 7) have the form of straight or slightly
curvedrods. Spore-formation is common, and many possess flagella,
and are therefore motile. The terms streptobacillus for those which
remain adherent in chains, and leptothrix for forms which produce
long threads, are convenient.

III. Spirilla are curved or spiral organisms which may have a
single curve—e.g., the comma-shaped cholera vibrio—or may have
several curves. It is a group of little importance to the surgeon.

IV. Spirocheetes differ from spirilla in containing more curves
and in being flexible. They appear as long spiral organisms
(Plate VI., Figs. 1 and 2), which commonly show three types of
active movement—rviz., progression, flexion, and rotation on their
own axis. They have been classed by some biologists among the
protozoa, but are probably more correctly included in the bacteria.
The most important member of this group is Treponema pallidum,
the causal organism of syphilis, but a large variety of other spiro-
chates are to be found, particularly in lesions of the mouth and
genitalia.

Conditions of Life.—Bacteria resemble other plants devoid of
chlorophyll in being unable to form protein from simple materials
in the presence of sunlight, and have to be supplied with ready-
formed organic nitrogen from animal or vegetable sources. Re-
garded from this standpoint, they may be divided into two classes
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—the parasites, which can obtain their pabulum only from the
living animal or plant, and the saprophytes, which are unable to
do so, and flourish only in dead materials. The term facultative
saprophyte is apﬁlied to those organisms which prefer a parasitic
existence, but which will grow under suitable conditions in dead
materials. The gonococcus is a good example; it multiplies readily
in the living mucous membrane, but grows i vitro only with difficulty
and on certain special culture-media. Facultative parasites, on the
other hand, are organisms which grow best in dead materials, but
which have the power of adapting themselves to a parasitic existence.
It must be understood that the terms ‘ parasitic * and ‘ pathogenic ’
are not synonymous. A pathogenic organism is one that has the
power of producing disease, and it may do so without entering the
living tissues at all, as when putrefactive organisms gain access to
a blood-clot in the uterus and cause toxemia. A parasitic organ-
ism is not necessarily pathogenic, especially in the lower animals,
since these frequently harbour blood-parasites without appearing
to suffer apparent harm therefrom.

In addition to combined nitrogen, all bacteria require water,
certain salts, and a suitable temperature for their growth. The
necessity for a more or less fluid culture-medium must be borne in
mind in surgical practice, and every attempt must be made by
accurate co-aptation of parts, drainage, etc., to prevent the accum-
ulation of putrescible material in wounds or body cavities, or, in
other words, to keep them dry. This is well seen in dealing with
the peritoneum, the absorptive power of which is one of the chief
natural defences against peritonitis. In laboratory experiments large
amounts of fluid cultures of pathogenic bacteria can be injected
into the peritoneal cavity of animals without injury; the fluid is
rapidly absorbed and bacterial growth ceases. If, however, the
peritoneum is injured so that absorption is checked, the bacteria
continue to grow, and fatal peritonitis results.

The requirements of different bacteria as to temperature vary
greatly. The majority of those of importance in human pathology
grow best at or about the body temperature (37° C.), but many
forms, especially those which are commonly met with as saprophytes
outside the body (such as Staphylococcus pyogenes and B. coli), grow
well at 18° C., or even lower. Other forms flourish best at lower or
higher temperatures than these, but they are not of pathological
importance. Lower temperatures inhibit growth, but do not kill
the bacteria unless applied for long periods. The destruction of
bacteria and spores by heat has been already mentioned.

Light is injurious to almost all bacteria. This is especially
the case with B. tuberculosis, which in vitro is killed after a very short
exposure to sunlight and more slowly by diffused daylight.

Many pathogenic organisms require free oxygen for their develop-
ment, and are spoken of as aérobes. A few, such as the tetanus
bacillus, will grow only in the complete absence of oxygen, ceasing
to develop, though still remaining alive, when that gas is admitted;
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such organisms are called anaérobes. Bacteria which grow best in
air, but which will also grow in its absence, are called facultative
anaérobes, and those which grow best under anaérobic conditions,
but are capable of some growth in presence of oxygen, are called
facultative aérobes. In the living body both strict aérobés and
strict anaérobes are capable of growth. Moreover, a stnict anaérobe
may grow in a fluid freely exposed to air in the presence of other
organisms which have a great affinity for oxygen and rapidly absorb
it. In this way tetanus bacilli may flourish in superficial wounds
if other bacteria are present.

The simultaneous and co-operative growth of diverse types of
bacteria in a wound (symbiosis) is an important element in not
a few infections, and especially in those due to anaérobes, such as
the tetanus bacillus and the B. perfringens.

Bacterial Products.—By their growth bacteria act upon the media
in which they flourish, and thereby various substances often of
great importance are produced. The chief of these are (1) acids,
such as lactic, acetic, butyric, etc.; (2) alkalies; (3) gases, such as
sulphuretted hydrogen, marsh gas, etc.; (4) pigments, such as the
green colouring-matter produced by B. pyocyaneus and seen in the
so-called blue pus; (5) aromatic substances, such as indole, phenol,
and tyrosine; (6) alcohol and other similar bodies; (7) ferments—
e.g., diastase, invertase, and a ferment allied to rennin. A more
important enzyme is one resembling trypsin and having the power
of peptonizing protein material. It is produced by one of the
commonest pyogenic organisms (Staphylococcus pyogenes), and
plays some part in the destruction of the tissues in suppuration.
Its presence or absence is ascertained by cultivating the organism
on gelatin or coagulated blood-serum, either of which is digested
or ‘liquefied ’ if the enzyme is produced. (8) Certain crystallizable
organic substances develop, of definite chemical composition, allied to
the vegetable alkaloids, and spoken of as ptomaines. They have
some poisonous properties, and were once thought to be of great
importance in the production of disease, but are now merely of
historic interest. (g) The true Toxins have not yet been isolated in
a state of purity, though they have been thought by some authorities
to have some features in common with the enzymes. They are
intensely poisonous when injected into the blood or tissues, though
innocuous (in most cases) when taken by the mouth. They are very
unstable substances, the majority of them being readily destroyed
by heat, peptic digestion, etc., and when kept in a state of solution
gradually become inert. Their action is analogous to similar
vegetable and animal poisons, e.g. ricin and abrin, snake-
venom, etc.

Toxins are divided into two distinct classes: () Certain organisms,
of which the most important are the bacilli of tetanus and diph-
theria, produce soluble exotoxins which accumulate in the fluid in
which they are grown, and not in the bacterial cells. () In the case
of many other organisms, the specific poison appears to remain locked
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up in the bodies of the bacteria, and is only given off under con-
ditions which we are unable to reproduce experimentally; they are
known as endotoxing. For example, the soluble products secreted by
the tubercle bacillus have but little toxic action, whereas the washed
bodies of the bacilli themselves are extremely poisonous.

The pathelogical effects of these toxins are highly diverse, but in
nearly all cases they include the production-of fever. Some are
selective in their action, affecting only a certain class of cell—e.g.,
the cells of the central nervous system in the case of tetanus. Others,
such as those of the pyogenic bacteria, affect any tissues they may
happen to reach. Under natural conditions the results vary with
the amount of toxin present in the body, and with the susceptibility
of the animal and of the tissues in question. Thus a very powerful
toxin-may immediately destroy the vitality of a part en masse,
whilst one that is somewhat less intense in its action may kill the
tissues after causing an acute inflammation. In another group of
cases the inflammation may terminate in a slower but progressive
molecular death of the tissues, followed by suppuration or fibrosis.
A similar but still slower process leads to necrotic caseation. Finally,
if a very feeble toxin acts for prolonged periods it may serve as
a stimulant to growth and determine proliferation of the fibrous
tissues, etc., without the development of any external signs of
inflammation.

Distribution.—Bacteria are very widely distributed in nature.
Their presence in the air varies greatly with circumstances. They
are absent from the air of mountain-tops or mid-ocean, and present
in vast numbers in towns. They are not given off by evaporation
from the surface of liquids, ¢.g. sewage, containing them, and when
suspended in the air are usually adherent to particles of dust or
moisture. They are more plentiful in dry weather than in wet, and
more abundant in occupied houses than in the open air. When the
atmosphere of an enclosed space is kept at rest, the bacteria and
dust gradually sink to the bottom and the air becomes sterile. It
has been found that the air of schoolrooms contains far fewer bacteria
when the scholars are sitting quietly than when they are allowed to
move about—a fact which should be borne in mind by spectators at
a surgical operation. Expired air is sterile, but in speaking and
coughing minute particles of fluid are ejected, and are usually
charged with an abundance of bacteria, which are frequently patho-
genic, and constitute a source of danger. The bacterial content of
water also varies greatly. That suitable for a public water-supply
should contain but few bacteria, and pathogenic forms should be
absent. Water from natural sources may contain so many injurious
bacteria that a preliminary sterilization is absolutely necessary
before its use for surgical purposes. Earth contains vast numbers
of bacteria, and pathogenic varieties are frequently present, especially
in soil that has been artificially manured, perhaps for generations.
Anaérobic organisms of a virulent type, such as B. fefani and
B. perfringens, are then not infrequently present, and thus tetanus
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and gas gangrene often occur in wounds which have been brought in
contact with soil.

The human skin teems with bacteria, like anything else which is
exposed to dust and dirt. The majority of these organisms are
present simply by accident, and are readily removed by washing.
A few, however, are normal inhabitants of the skin, and are very
difficult to destroy, as they penetrate deeply into gland follicles.
Bacteria are also present in the alimentary canal from the mouth to
the anus, the external auditory meatus, the inferior meatus of the
nose, the conjunctiva, the anterior portion of the urethra, and
the vulva. The superior meatus of the nose, the deeper portion
of the urethra, and the upper part of the vagina in a virgin are in
general sterile, as are also the healthy gall-bladder, together with
the biliary and pancreatic ducts. The blood and deeper tissues
in health are usually free from germs, but careful observations
have shown that the escape of small numbers of bacteria from the
alimentary canal into the blood and lymph is of not uncommon
occurrence. Under conditions of health these bacteria do not find
suitable conditions for continued growth in the body, and are
soon destroyed in the blood; but when the general vitality of the
body is lowered, they may persist and, finding a suitable foothold
in an area of low vitality, may develop and give rise to patho-
logical effects. This is probably the explanation of the suppura-
tion that sometimes occurs in deep lesions, such as the subcutaneous
rupture of a muscle or ligament, and it is termed auto-infection (p. 65).

acteria may also remain latent in the tissues for a considerable
time without causing trouble, and then under suitable conditions
suddenly be stimulated into activity. This is particularly liable to
occur in cases of chronic and prolonged infection of irregularly
shaped wounds which heal slowly by granulation. Bacteria are
often imprisoned during the healing process, and may remain
quiescent until some fresh lesion such as a secondary operation,
or some grave depreciation of health, provides them with a new
opportunity of development. This condition is also probably the
explanation of the majority of the so-called cases of ‘idiopathic’
infections—e.g., erysipelas and tetanus (pp. 136 and 143), the germs
having been implanted as the result of a slight injury at some earlier
eriod. There can be little doubt that B. tuberculosis can simi-
arly remain latent in the body for years, and then may deter-
mine an outbreak of tuberculous trouble in some distant region.
Thus a slight injury to the knee has often been followed by tuber-
culous disease, but the infection probably arises from the previous
existence of tuberculosis in mesenteric or mediastinal glands where
the organisms had been encapsuled. Similarly the spirochzte of
syphilis may remain more or less quiescent in the tissues for many
years, and give rise to serious disease long after the clinical symptoms
of the original infection have disappeared.

A dangerous outcome of this possibility is that individuals may

become the unconscious carriers of disease, transmitting the infec-
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tion to many others—e.g., typhoid bacilli may establish a lodg-
ment in the gall-bladder, and every now and then some infected
discharge may escape: typhoid and paratyphoid bacilli may con-
tinue in the urinary tract for months or years; the throat and
naso-pharynx of an apparently healthy individual may contain
B. diphtherie or the meningococcus; and Entamaba histolytica of
dysentery may persist in the bowel wall for years. In this way
an explanation is possible of many an outbreak otherwise incom-
prehensible, and it emphasizes the necessity for the careful bacterio-
logical examination of suspects.

Certain micro-organisms other than bacteria require brief mention, but only
a few of them are of surgjcal importance.

1. The Saccharomyces, Torule, or yeasts are devoid of chlorophyll, and
multiply by budding, or under certain conditions by endogenous spore-forma-
tion. They are a very indefinite group, and the yeast-like fructifications, of
allied organisms often found in pathological conditions, have frequently
been mistaken for them. They are of importance in baking and brewing, and
they cause many forms of fermentation—e g., the alcoholic fermentation of
various sugars. The only important disease now attributed to the yeast-fungi
is blastomycotic dermatitis, which is characterized by multiple chronic lesions,
resembling verrucous tuberculides.

2. The Hy{bhomyceles, or filamentous fungi, are characterized by the presence
of a mycelial network of long fibres, and have a method of sporulation which
is more complicated than that seen in the bacteria and yeasts. The following
are the more important of their pathological effects:

Thrush, due to Oidium albicans, an organism sometimes included in the
blastomycetes, and called Saccharomyces or Monilia albicans.

Ringworm, which may be caused by Miggosporon Audouini (the small-
spored fungus), or the Trichophyton or large-spored fungus, of which there are
several varieties.

Favus, caused by Achorion Schonleinis.

Pityriagis versicolor, due to Microsporon furfur.

Keratomycosis, or parasite ulcer of the cornea, is due to fungi of the Asper-
gillus type, and similar organisms may also affect the lungs (pneumomycosis),
tongue, or the external auditory mecatus (otomycosis).

The group Streptothriz may be regarded as the lowest of the hyphomycetes,
and its members possess many similarities to the bacteria. They are of im-
portance, since their pathogenic members give rise to the group of diseases
known as ¢ actinomycosis.’ The streptothrices form long filamentous hyphe,
which are narrower than those of the higher fungi, and differ from the
leptothricial filaments sometimes exhibited by some bacilli in that they show
true branching. They form chain-spores, the protoplasm of the mycelial
threads collecting in small masses separated by spaces in which the sheath is
empty. These appear to be true spores, since they resist a temperature higher
than that which kills the mycelium itself. The streptothrices are widely
distributed, and many forms are known, of which but a few are pathogenic.

It is worthy of notice that the tubercle bacillus (as well as other organisms
usually classified as bacteria) sometimes grows into long branching filaments.
Hence some regard it as belonging to the streptothrices, and term it
‘ tuberculomyces.’

3. The Protozoa, or unicellular animals, are a group of considerable import-
ance, since many tropical affections are due to members of this family. ~The
life-history of many of them is not known in its entirety, but it has been traced
out in some. Malaria and the amcebic form of dysentery, together with the
tropical abscess of the liver associated therewith, are protozoal in origin.
Trypanosomes are also of animal nature, and by their development in the
body give rise to sleeping sickness and numerous other tropical diseases in
man and lower animals.
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Infection.

Infection may be defined as the entrance of living, virulent, patho-
genic bacteria into the tissues of a region where they can grow, and
whence their toxins may act on the tissues of the body. Certain
points in this definition require explanation:

(1) It is interesting to notice that dead bacteria, especially dead
tubercle bacilli, may cause pathogenic effects similar to those of
the living ones. This, however, can scarcely be spoken of as
infection, since one of the fundamental ideas of that process is that
it can be transmitted from one sufferer to another indefinitely.

(2) The question of virulence is one of the greatest importance,
since differing strains of the same organism may vary much in the
degree of virulence, as may also the same strain under varying
conditions. Thus, rabbits are often but little affected by the
injection of large amounts of a pure culture of Streptococcus
pyogenes, and yet it is possible so to exalt the virulence of the same
strain that an extremely small dose (possibly a single coccus)
may produce death. This exaltation of virulence is usually accom-
plished by ‘ passage ' through a series of susceptible animals, each
in turn being inoculated from the last; the disease appears more
rapidly and runs its course more acutely in each instance up to a
certain point of maximum intensity, which persists. Probably
something of the sort occurs under natural conditions, for an
organism taken directly from a patient is usually much more
virulent than one that has been cultivated in the laboratory. Thus,
a slight post-mortem wound infected from a case of streptococcal
peritonitis is usually very severe, indicating a very high degree of
virulence in the organism.

Cultures of an organism of diminished virulence are said to be
attenuated. The artificial attenuation of pathogenic bacteria is a
subject of great importance in connection with the production of
immunity, and it may be laid down as a general rule that the cultiva-
tion of an organism under slightly disadvantageous conditions
tends to diminish its virulence, and vice versa. For example, the
anthrax bacillus grows best at 37° C., or thereabouts, and retains
its virulence for long periods at this temperature, but if it is culti-
vated at 42° C. it becomes attenuated. Cultures thus treated
constitute Pasteur’s vaccine against anthrax; when injected into
animals it causes transient ill-effects, but the animal becomes
immune to the disease. The gonococcus is another organism whose
vitality is much influenced by heat. Growing best at a temperature
of 35° to 37° C., and capable of growth between 25° and 38° C,,
cultures are injuriously affected by a temperature of 40° or 40'5° C.,
and inasmuch as the normal tissues are not seriously harmed by
such a degree of heat, it is possible to employ diathermy with the
object of raising the local temperature of parts such as the prostate,
cervix uteri, or deep urethra, as well as of joints, when infected
with these organisms, and thereby attenuating their activities, and
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enabling the tissues to deal effectively with them. Similarly, growth
in a resistant animal also tends to produce attenuation of the virus
of certain diseases.

(3) The organism must be pathogenic if infection is to occur, and
by this we mean capable of producing disease in the animal in
question. Thus, the inoculation of the gonococcus into the urethra
of animals leads to no results, and infection does not take place.
Hence two factors must be present: the organism must be virulent
and the host susceptible.

(4) Lastly, an essential feature of infection is that the toxins of
the organism must act on the tissues of the host. Thus, it is quite
possible, and not uncommon, for streptococci to be present in the
outer layers of the skin, and B. diphtheriz in the mouth, etc.,
and yet for no harmful effects to arise, since either the organisms
do not form toxins, or else these toxins do not affect the tissues.
This is not infection, although in such cases any slight lesion or any
condition leading to local or general lowering of resistance may
bring it about.

The terms specific and non-specific as applied to infectious diseases
also require explanation. A specific disease is defined as one which
is always produced by a particular species of micro-organism, and
by no other. Thus, tetanus is a well-marked pathological entity,
always due to B. fefani, and may be taken as the type of a
specific infection. Suppuration, on the other hand, is caused by
many different species of bacteria, and is therefore termed non-
specific. The boundaries of these divisions are constantly changing
with the advancement of pathological research. The common
process is for diseases which are apparently homogeneous to be
split up into specific groups, each due to its own organism. Thus,
ringworm is now known to be due to several different forms of
fungus, and combined clinical and pathological research has shown
that the conditions due to one variety differ in minute points from
those due to another. Enteric fever, again, has been long known
to be caused by a bacillus (B. tyfhosus) which was supposed to be
specific; it has now been proved that other organisms (B. para-
typhosus A and B) can produce conditions which are very similar to
typhoid fever, and are known as paratyphoid fever A and B, but
each of these has characteristic manifestations and is in a way
specific. Again, actinomycosis was formerly thought to be a
specific disease due to a single organism, but it has now been shown
that several allied organisms may produce it. The reverse process
is sometimes seen, several apparently different diseases being united
together on the discovery of their cause. For example, malignant
pustule and woolsorter’s disease appear clinically to be quite distinct
maladies; yet since it has been found that they are both caused by
B. anthracis they can now be included as manifestations of one
specific disease. ’

Local Infective Processes are those caused at the site of inoculation
by the growth and development of the microbes. After a period
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of incubation—which varies with different organisms, and during
which we may imagine that they are struggling with the germicidal
action of the tissues, and establishing their foothold in the body—
the bacteria begin to grow and multiply, and by the deleterious
products of their activity cause irritation of the tissues and varying
degrees of inflammation.

These inflammatory foci may remain limited, or diffusion may
occur by the bacteria spreading with more or less rapidity by con-
tinuity of tissue or along lymph channels; or the organisms may be
widely disseminated through the body by the bloodvessels in the
shape of emboli. A certain amount of constitutional disturbance
may accompany these manifestations, due to the absorption of the
toxins produced locally, whilst in some diseases the general toxic
symptoms (or toxaemia) associated with some local mischief may be
extremely severe, as in tetanus and diphtheria. Hence local in-
fective processes may be classed in two divisions: (a) those in which
there is but little or no general tox@mia, such as a soft chancre,
a tuberculous abscess, or a mild attack of gonorrheea; and (b) those
in which the toxamic condition is well marked, as in erysipelas,
tetanus, diphtheria, etc., the character of the symptoms varying
necessarily with the different toxins.

General Infective Processes are those in which the organisms
develop and multiply in the blood-stream, so that inoculation of a
normal person with the blood would almost certainly transmit the
disease if a sufficient dose were introduced. Most of the bacteria
producing local infection are capable of giving rise to these general
diseases, and, indeed, in surgery we rarely see the latter without
some local condition being present to explain its origin.

Immunity.

Under ordinary circumstances every living animal is constantly
exposed to possible sources of infection. Bacteria are present in
the air we breathe, in our food and drink, as well as on the skin
and in the alimentary canal. It is obvious, therefore, that some
potent natural means of resisting the attack of these organisms
must exist, and it is only when these break down or are insufficient
that infection occurs. This power of resisting the invasion of
micro-organisms is termed immunity, and it is the exact opposite
of susceptibility. Further, the process of natural cure of any
infective disease is brought about by the production of such a
degree of immunity (whether local or general) as shall suffice to
destroy the causative bacteria. It is therefore obvious that the
study of immunity is of the greatest importance in connection with
the prevention and cure of disease, and the more so since the most
potent artificial methods of accomplishing these ends are those which
imitate, or stimulate, or give free play to, these natural processes.

Natural Immunity is that which is inherent in the constitution of
the animal when born, and not due to any event taking place in its
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life-hiStory. Thus the lower animals are all naturally immune to
gonorrheea and many other diseases which affect man, whereas man
is naturally immune to many diseases of the lower animals. In
most cases natural immunity is general throughout all the members
of the species, but this is not always the case; thus, some children
are absolutely immune to vaccinia, though the vast majority are
susceptible. Hence racial and natural immunity are not quite
identical.

It must be clearly understood that there is no absolute standard
of immunity, since the reaction of the tissues may vary from time to
time between the highest degree of susceptibility and the highest
degree of immunity. Thus, if several animals are inoculated with
equal doses of the same bacterial culture, one may show no ill-
effects; another may exhibit a slight amount of inflammation at
the site of inoculation; a third may acquire a spreading inflamma-
tion, which may progress to suppuration or gangrene; whilst a
fourth may develop a fatal general infection. Further, an animal
may be highly immune to an organism of ordinary virulence, but
at the same time highly susceptible to the same organism when its
virulence is exalted.

Again, the immunity or susceptibility of any animal to a given
bacterium is greatly influenced by external and internal conditions.
A study of these conditions is of fundamental importance in the
prevention of disease. Man possesses a very considerable degree of
immunity to nearly all bacteria, and it is only when this immunity
becomes lowered by general or local causes which depreciate the
vitality that infection occurs.

Of the general causes which predispose to infection, cold and
wet, especially if combined, are perhaps the most potent, but the
method in which they act is still uncertain. Starvation and mal-
nutrition are also important, and even in slight degrees have a very
decided effect on immunity. Thus, it has long been recognized that
post-mortem wounds received when fasting are more dangerous
than those received when digestion is in progress. In this case the
immunity may perhaps be correlated with the increased number
of leucocytes in the blood during digestion, but it does not appear
to be a constant fact that a large number of leucocytes always
implies a high grade of resistance, and vice versa. Age is an impor-
tant factor, children being, as a rule, much more susceptible than
adults. Immunity is greatly reduced by hamorrhage, and by
certain poisons, particularly alcohol. Protracted exposure to a
vitiated atmosphere is a very potent factor in the production of
susceptibility to the tubercle bacillus. Prolonged anasthesia lowers
the general resistance of the body, as do also certain diseases, notably
Bright’s disease and diabetes.

The local causes include injury, especially bruises, contusions,
burns, and the irritation due to chemical substances. This latter
condition is often used in the laboratory to exalt the virulence of
certain bacteria. Thus, pyogenic cocct are often without effect
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on rabbits, even in tolerably large doses; but if injected together
with some dilute lactic acid, the toxins of other bacteria (such as
B. prodigiosus), or other soluble irritant, they are frequently enabled
to develop and produce pathological results. Considerable surgical
importance is attached to this observation, since it must not be
forgotten that nearly all antiseptics are irritant, and if applied in
too concentrated a state or for too long may lower the local resist-
ance, and render the wound more liable to be infected by any
organism that may at the time or subsequently gain accidental
entrance. The local application of cold or hot liquids has a similar
action, and hence all fluids used to wash out wounds or body
cavities should be used exactly at blood heat, unless the direct effect
of the heat or cold is required. Lastly, a defective supply of fresh
blood, due to disease in the bloodvessels, or stagnation of venous
blood, due to tight bandaging, pressure, etc., also renders a part less
resistant to infection.

Acquired Immunity is of two kinds—active and passive.

Active immunity results from a previous attack of the disease,
from a subinfection or repeated subinfections with a dose of or-
ganisms too few in numbers or too low in virulence to cause any
actual disease, or, thirdly, from artificial inoculation. The exan-
themata are good illustrations of diseases conferring an active
immunity. The permanence of the resulting immunity varies
greatly. With some infections, such as small-pox, second attacks
of the disease are very rare, and the immunity is commonly complete
and lifelong. With other infections, such as those due to pneumo-
cocci or streptococci, the immunity is of short duration. All inter-
mediate grades are found.

The following are the most important artificial methods of bestow-
ing active immunity: (1) Inoculation of the disease as it occurs in
nature. This is of course a dangerous method, since the attack may
be as severe as one acquired in the normal way. It was formerly
practised as a preventive of small-pox before the introduction of
vaccination. (2) Inoculation with the causal micro-organism in an
attenuated condition, or with the virus containing it. Pasteur
applied this method in the prevention of anthrax in sheep and cattle,
the ‘ vaccines’ employed being living cultures of B. anthracis at-
tenuated by growth at 42° C. He also employed an attenuated
virus for the prevention and treatment of hydrophobia (p. 149). In
the case of vaccination against small-pox, the lymph employed
contains a living virus (whether that of small-pox itself in an
attenuated condition, or of a closely allied disease, being not
yet finally established). (3) Injection of dead cultures of bacteria
is used in the preventive inoculation against plague (Haffkine)
and against typhoid fever (Wright). The cultures are killed by
heat, and small doses injected subcutaneously. The result is a
local inflammatory reaction of varying severity, together with
general symptoms, such as fever and malaise. When these have
passed off, the patient has acquired some immunity to the disease,
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so that he is now able to withstand the injection of a larger dose, by
which means the immunity is greatly increased. This method
has now been extended to the trcatment as well as the prevention
of many other infective conditions. (4) Injection of the extra-
cellular toxins of the causative organism is of the utmost value
in immunizing the lower animals for the preparation of curative
sera, especially antidiphtheritic and antitetanic. The horse is
chosen for this purpose, since it is easy to handle, and yields a
large amount of serum at each bleeding. The principle of the
method is simple. A small quantity of the toxin (which has been
filtered to remove living bacteria) is injected subcutaneously. It
causes local inflammation, fever, and malaise; but when these
have subsided, another and slightly larger amount of toxin can
be tolerated. In this way the dose is gradually increased until
the animal is so resistant that the injection of enormous doses of
most powerful toxin will produce but slight and transient ill-effects.
In actual practice this method is usually modified, the earlier stages
being considerably shortened by the injection of a mixture of toxin
and antitoxin, or by the use of peculiar forms of toxin of diminished
activity. A very satisfactory method of immunizing the human
subject to diphtheria has been found in the injection of toxin (or
modified toxin) and antitoxin.

It will be noticed that in all these methods the animal which
subsequently becomes immune combats and overcomes the organism
or its toxin. For this reason it is termed an active immunity—i.e.,
it is acquired by the animal’s own active struggle against and victory
over the bacteria or their products.

Passive immunity is that which is conferred on an animal without
effort on its part by the injection of serum from an animal that has
already acquired an active immunity against the disease in question.
For example, if some of the serum from a horse which has been
actively immunized against tetanus is injected into a second horse
(or other animal), the latter will also become temporarily immune
to the tetanus bacillus or to its toxin. The second animal is not
rendered ill by the injection, and is merely the passive recipient of
protective substances which have been elaborated by the first.
The fact that the injection of these sera into man sometimes causes
transient ill-effects, such as fever, joint-pains, rashes, etc., in no
way modifies the truth of this statement: the phenomena in
question do not always occur, and are due, not to the protective
sEbstances, but to the ordinary serum proteins injected with
them.

Passive immunity cannot be bestowed by the injection of serum
from an animal which is naturally immune: most of the lower
animals, for example, are naturally immune to syphilis, but their
serum has no protective or curative action in man. The diseases
in which the serum has the greatest practical value for protection
or cure are those in which the specific micro-organisms produce
extracellular toxins. especiallv diphtheria and tetanus.
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Active and passive immunity also differ in other respects.
Passive immunity is produced immediately the serum is injected,
whereas active immunity is only developed slowly after the in-
jection of the toxin, or of the living or dead culture; in general, a
week at least must elapse before the full degree of immunity is
produced. Again, passive immunity lasts a comparatively short
time, unless, of course, the dose of the immunizing serum is repeated.
In the case of prophylactic injections of antidiphtheritic or anti-
tetanic serum in man, the duration of the immunity is probably
less than a month. Active immunity is usually much more lasting,
though its duration varies greatly in different cases. In most cases
of small-pox and the other exanthematous diseases it is permanent,
second attacks being extremely rare, whereas in pneumonia and
erysipelas it is of very short duration.

Nature of Immunity.—It is obvious that the victory of the body
over bacterial invasion is due to the development of immunity, either
local or general, and without going into details, more suitable for a
bacteriological textbook, some account must be given of the powers
inherent in the body on which the surgeon has to rely in order to
effect the recovery of his patient.

It has been already pointed out that bacteria must not only
gain entrance into the body, but must increase and multiply therein,
since it can scarcely ever happen that a sufficient number to cause
deleterious effects can be introduced at the original focus of in-
fection. In order to multiply in the tissues, they must find there
not only suitable food, warmth, and moisture, but also the absence
of antagonistic or germicidal materials. Now, whilst the living
blood-plasma does not assist bacterial growth, the blood-serum
derived therefrom is an excellent culture-medium, and hence there
is an abundance of nutriment available. The living tissues, how-
ever, do not submit passively to the growth in them of these foreign
invaders; they possess certain powers of resistance, and these must
now be briefly considered.

The injury produced by bacteria is effected by means of poisonous
substances either formed by the germs as secretions (exotoxins),
or contained within their bodies (endotoxins), and set free on their
death or disintegration. The action of such toxins is seen (2) in
local inflammation and destruction of tissues; (b) as general poisoning
of the whole body, shown by fever and prostration; or (c) in the form
of special affections of particular structures, as in the degeneration
of peripheral nerves met with in diphtheria, or the disturbance of
the central nervous system which accompanies tetanus or hydro-
phobia, resulting in spasms and convulsions. Certain organisms,
especially some of the streptococci, possess also the power of breaking
up the red blood-corpuscles (hzmolysis). Hemolysis by micro-
organisms of red blood-corpuscles occurring artificially in culture must
not, however, be taken as a criterion of pathogenicity. For example,
certain non-hzmolytic streptococci may be or become highly patho-
genic. The majority of staphylococci, even of low virulence, and
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many non-pathogenic organisms, are actively * hemolytic’ to red
blood-corpuscles in a test-tube. The value of the reaction as an
index of pathogenicity has of late been somewhat over-estimated;
though it is often useful for purposes of laboratory classification of
certain organisms.

In order to resist theattack, the cells of the body may either ingest
and destroy the germs themselves, or may render them harmless by
producing antidotes to neutralize their toxins. Inasmuch, more-
over, as the contest may be prolonged, and much damage may be
done to the tissues thereby (just as the ground over which armies
have fought is torn up by trenches, shell-holes, and the like), the
body must further possess the
power of repairing the damage
caused, or at least of patching
up the injured parts.

1. Destruction of the Bacteria
themselves is effected by two
main processes: phagocytosis
and bacteriolysis.

(a) Phagocytosis.— Metchni-
koff, starting from the idea
that unicellular protozoa (such
as the amocba) ingest, digest,
and assimilate the bacteria
found in water, was led to
examine the action of the leu-
B cocytes, or wandering cells of
F1G. 10 —PHAGOCYTOSIS OF BACILLUS  the higher animals, which in

coLt By CELLS OF PERITONEAL : ’

Exupate, TweNTY-FOUR HoURs their morphology so Strongly

AFTER INFECTION resemble the lower protozoa,
The polymorphonuclear lencocytes — and found in them a similar

(pus-cells) present 1n large numbers ~ power of engulfing and digest-

areactively ingesting the orgamisms,  jng  living micro-organisms.

whilst the mononuclears, probably Thi g -
dertved from the peritoneal endo- This process he termed * phago

thelium, are englobing the pus-  Cytosis’ (Fig. 10). A striking
cells (X 1,000 ) example occurs in Daphnia
(the fresh-water flea), an in-

sect which is so transparent that the whole phenomenon can be
followed under the microscope during life. It is affected with a
disease due to the growth in its tissues of a fungus known as Mono-
spora. The spores of this parasite are taken in with the food,
and penetrate from the alimentary canal into the body cavity;
when unchecked, they continue to grow until the whole insect is
filled with growth. If, however, but few spores gain access, the
defensive mechanism comes into play, and the spores are surrounded
and engulfed by the leucocytes, submitted to a process of digestion,
and finally destroyed. It is obvious that Daphnia is partially
immune to Monospora, and that the immunity depends on the
phagocytic activity of its leucocytes. Metchnikoff had no difficulty
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in finding many examples of the same process in man and the higher
animals. If, for instance, a culturd of a non-pathogenic organism
is injected into the peritoneal cavity of an animal, and portions of
the peritoneal fluid are examined from time to time, the bacteria
will be seen first lying free: then engulfed in the protoplasm of the
leucocytes, but retaining their normal appearance and staining
reactions: then less distinct and refractile than before, indicating
that they have undergone partial digestion, and in this state they
stain badly. Similar appearances may also be seen in sections of
tuberculous tissue, especially those that are healing, though here
thlel phagocytic cells are more especially the endothelioid or giant
cells.

The leucocytes are attracted to the region of the bacteria owing
to the fact that the latter give off soluble substances for which
the leucocytes have an affinity, so that they move into the region
in which these substances exist in a high state of concentration.
This process is known as chemiotaxis, and it is one which is widely
distributed throughout the lower members of the animal and
vegetable kingdoms. If, for instance, a capillary-tube filled with
meat-extract is placed in a watery emulsion of typhoid bacilli, the
latter will be attracted by chemiotaxis and enter the tube. Similar
phenomena are seen in the formation of an abscess: the pyogenic
bacteria give off substances which attract the leucocytes, so that
they soon become surrounded by a zone of these cells, and at the
same time some of these substances gain access to the blood and
attract the leucocytes from the bone-marrow, giving rise to a general
leucocytosis. It has been suggested that very virulent bacteria
can secrete special substances (aggressins), which repel the leucocytes
and so preserve the germs against attack (Bail).

Metchnikoff found that in cases where phagocytosis was active
recovery usually took place, and that when it failed the bacteria
continued to grow and death occurred; from this he argued that
immunity depends entirely on the leucocytes. He further noted
that in animals with acquired immunity the leucocytes had gained
the power of ingesting the bacteria, although previously unable to
do so; hence he explained acquired immunity as being due to the
education which the leucocytes had gained during the previous
attack. The opponents of the theory urged that only dead, or
at least non-virulent, bacteria were taken up by the cells, but
Metchnikoff’s great technical skill enabled him to isolate bacilli
that had been actually ingested by leucocytes and prove them to
be living and virulent.

The theory of phagocytosis was never generally accepted in its
original form, and it was soon found not to apply in certain cases.
Thus, it is possible to enclose active bacteria in a collodion sac,
which will allow the transudation of body-fluids, but will prevent the
passage of leucocytes; if such a contrivance is placed in the peritoneal
cavity of an immune animal, the bacteria are often killed. Further
research also showed that, even when bacteria are ultimately

2
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destroyed by phagocytic activity, they may lose their definite
outline, refractility, etc., and give other indications of being injured
whilst still free and extracellular.

(b) Bacteriolysis.—The direct action of the fluids of the body in
effecting destruction of the invading bacteria was definitely proved
by Pfeiffer. This observer immunized guinea-pigs against the cholera
vibrio, and when the immunity was fully established injected a
culture of that organism into the peritoneal cavity. Some of the
peritoneal fluid was withdrawn from time to time, and the organ-
isms therein examined microscopically. They were found to
undergo remarkable changes, losing their shape, becoming spherical,
and finally undergoing complete solution, the whole process often
taking half an hour or so. This is called Pfeiffer’s reaction, and is
specific—t.e., the peritoneal fluid of an animal vaccinated against
cholera has no effect on the typhoid bacillus or any organism other
than the cholera vibrio or its congeners. Further research showed
that the reaction can be obtained in witro, provided that the peri-
toneal fluid is perfectly fresh; if, however, the fluid is kept a day or
two, it loses its power, but regains it if mixed with perfectly
fresh serum, whether this be taken from a normal or from an im-
munized animal. Thus:

Fresh normal blood-serum--cholera vibrios=no reaction.

Fresh serum (or peritoneal fluid) from immunized animal--cholera
vibrios =solution.

Stale serum from immunized animald-cholera vibrios=no
reaction.

Stale serum from immunized animal--fresh serum from normal
animal+-cholera vibrios=solution.

It is obvious from this that fwo substances are necessary for the
solution of the organisms in the tissues of an immunized animal.
One occurs only in the fluids of the immunized, not in those of a
normal animal, and is an antibody similar to the agglutinins, but more
complex; it has received many names, but is usually known as
amboceptor. The other occurs in normal blood, as well as in the
blood of the immune animal, and is very unstable, rapidly disappear-
ing when the fluid is kept; it is also readily destroyed by heat. As
its presence is required to com plete such reactions, it is usually termed
complement.

Certain other phenomena allied to bacteriolysis also require
mention.

Haemolysis.—Bordet discovered that if the blood-corpuscles of
one animal are injected into another animal of a different species,
the plasma of the latter acquires the power of dissolving red blood-
corpuscles derived from any individual of the former species
(heemolysis). Similarly, if tissue-cells, such as those of glands or
epithelial surfaces, are injected, the serum of the recipient gains
the power of dissolving this particular type of cell, but not other
cells, even from the same animal (cytolysis). The importance of



BACTERIOLOGY—INFECTION—IMMUNITY 19

these phenomena in immunity is uncertain; but here also we may
note that two substances are required—iz., a specific amboceptor
(hamolysin or cytolysin) formed only in response to the injection;
and, secondly, complement, which is identical with that concerned
in bacteriolysis, and is present, though in very varying amounts,
in all fresh sera.

Agglutination.—The serum of a patient who has suffered from
an infective disease, or of one who has received a vaccine injec-
tion of the causative organisms, acquires in some instances the
property of causing these organisms, when suspended in serum,
to adhere together in clumps; it is said to ‘agglutinate’ them.
This reaction is of considerable diagnostic value, for example
in cases of suspected typhoid and allied fevers (Widal’s test).
Similarly, mn the investigation of certain diseases, the agglutina-
tion reaction is employed by the bacteriologist to identify the
causal organism. Thus in the investigation of bacillary dysentery
various organisms may be isolated from the stools, and 1if
one of these is found to be clumped powerfully by the patient’s
own serum, this affords strong proof that it is the infective
agent. The agglutinins are also useful as proving the identity
of an organism which has been isolated in culture. For example,
if a culture of an organism resembling the typhoid bacillus
had been isolated from the stools in a case of suspected typhoid
fever (or from drinking-water, etc.), the first test applied to establish
its nature would be to see if it is clumped with the serum of an animal
which had been injected with a known culture of typhoid bacilli.
The phenomenon of clumping is attributed to the presence of a
specific antibody (agglutinin) in the blood-serum; unlike the lysins,
the agglutinins do not require the presence of a second substance
or complement to complete the reaction.

Precipitation.—If any foreign protein substance, such as egg-
albumin or horse-serum, is injected into an animal, the latter
develops in its serum an antibody (precipitin) which gives rise to
a precipitate when it is mixed with a solution of the albuminous
substance employed. The value of this reaction in immunity is
unknown, but use is made of it in the investigation of blood-stains
to distinguish human blood from that of other mammalia.

Any substance which, when injected into a living animal, gives
rise to the production of a specific antibody (antitoxin, bacterio-
lysin, agglutinin, etc.) is called in this relation the antigen.

The precise origin of the different antibodies which take part
in the various reactions just described is unknown. Possibly some
of them are derived from leucocytes, and others from the cells of
the tissues which form the red and white blood-corpuscles. It was
noted by some of the earlier observers of the phenomena of immunity
that the leucocytes (phagocytes) acted more energetically in the
presence of serum than in its absence (Denys and Leclef). Wright
and Douglas investigated this reaction in detail, and found that,
whilst normal serum appeared to assist the cells to engulf bacteria,



20 A MANUAL OF SURGERY

the serum of patients recovering from an infection with the bacteria
in question acted much more powerfully. Experiment showed
further that the action of the serum was not in the direction of
increasing the vigour of the leucocytes, but of modifying the germs
in some way so that they were more easily engulfed and digested.
The hypothetical substances which produced this effect were named
opsonins (from opsono, I cook or prepare for food).

Wright devised a method by which the quantity of opsonin
present in a patient’s blood can be compared with that in the blood
of a normal person. Thus it is possible to count the number of
individual bacteria of any particular type which can be ingested by
washed healthy leucocytes when mixed with a patient’s serum, and
the number ingested by similar leucocytes mixed with the serum of
a known. healthy individual, the two mixtures being kept at the
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F1G. 11.—CHART orF OpsoNIC INDEX IN A CASE OF INJECTION
OF A STAPHYLOCOCCAL VACCINE.

body temperature for the same period of time. The ratio between
these two numbers is termed the opsonic index.

As a general rule, in cases of acute disease it is found that the
index is below normal, and that as recovery occurs it rises to or above
the healthy level. This rise may be sudden, as in most cases of
pneumonia, or gradual, as is usually the case in furunculosis. It is
not uncommon to see patients in whom, though the index is high,
the disease is advancing, and this is especially the case in tubercle.

The effects on the opsonic index of the injection of a bacterial
vaccine are interesting and instructive. After each injection there
is a rapid fall in the opsonic level (the negative phase, Fig. 1I),
followed by a rise, the index usually going well above normal (the
positive phase).” The improvement is supposed to coincide with
an increased amount of opsonin in the blood, and when this begins
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to diminish a fresh injection may safely be given. A second in-
jection should never be given during the negative phase, since,
if this is done, the index falls still further, and danger of dissemina-
tion or rapid spread of the disease might arise.

Experience has, however, shown that the estimation of the
opsonic index is unnecessary, and it is sufficient to rely for the
recognition of the good or bad effects upon the clinical results—
e.g., diminution of fever, discharge, or pain, commencing healing
of the wound, etc.—remembering, however, the cardinal principle
that sufficient intervals should elapse between the injections.

Complement Fixation.—It was noted above that the complement
which takes part in the different processes of bacteriolysis, hamo-
lysis, and cytolysis is one and the same. When a mixture is made
containing antigen, amboceptor, and complement, the three sub-
stances react, the complement being used up in the process. Thus,
if cholera bacilli, amboceptor, and complement are mixed together, as
in Pfeiffer’s experiment, the complement becomes fixed to the bacilli,
and if we add this mixture to a suspension of red blood-corpuscles
to which has previously been added some haemolysin, but no comple-
ment, no hamolysis will take place; whereas the addition of fresh
serum containing complement would produce this result. In other
words, the complement is able to perform either the reaction of
bacteriolysis or the reaction of hamolysis, but not both. This
phenomenon of complement fixation is used for diagnostic purposes
to test for the presence of bacteriolysins and other complement-
fixing antibodies in a patient’s serum. The antigen (z.e., the sus-
pected organism) is mixed with the patient’s serum and with
complement. If the patient is the subject of the disease caused
by the organism used as antigen, his serum will contain antibodies
to it, which will react with the antigen and the complement, and
the latter will be used up or fixed in the process. If the patient’s
serum contains no antibodies to this infection, no reaction will
occur, and the complement will remain free and active. The
presence or absence of free complement is then tested for by adding
to the mixture free blood-corpuscles and h@molysin. If there is no
antibody in the patient’s serum, the complement will still be free to
hemolyze the red corpuscles (negative reaction); but if the patient’s
serum contains antibodies as a response to infection, the comple-
ment will already have been fixed, and there will be no haemolysis
(positive reaction). This test is used as an aid to diagnosis in
gonorrheea, tuberculosis, etc. In syphilis a test on similar lines
(Wassermann reaction) is employed, but for spirochates is sub-
stituted as antigen a colloidal suspension in normal saline of lipoids
(alcoholic extract of normal heart-muscle and cholesterin). This
substitution of lipoids for spirochetes in the Wassermann test is
purely empirical.

2. Neutralization of Toxins.—We have thus far dealt only with the
methods whereby the body attacks and kills bacteria and with allied
conditions. It remains to consider the process by which neutralization
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of the toxins of the bacteria is secured. This type of immunity is
mainly associated with those bacteria forming soluble toxins which
are carried all over the body by the blood-stream, while the germs
themselves remain localized. Such are the bacilli of diphtheria,
tetanus and botulism, while the poison of snake-venom also gives
rise to an antidote of a specific nature in the body. Our knowledge
of this subject is largely the outcome of Behring’s investigations on
passive immunity, especially in relation to diphtheria.

Antitoxins.—If diphtheria bacilli are grown in a suitable liquid
medium and are then filtered off by passage of the fluid through a
porcelain filter, the bacterium-free filtrate is highly toxic, and a
small quantity injected subcutaneously will kill a guinea-pig. If,
however, it is mixed with a suitable dose of the serum of a person
who has ‘recovered from diphtheria, no fatal result occurs, the
serum of the convalescent patient contains an antidote or antitoxin.
A much more powerfully antitoxic serum may be prepared by
injecting a horse with rapidly increasing doses of the toxin, and
the serum of such an immunized animal may then be used for the
cure of the disease in man. Neither toxin nor antitoxin has ever
been isolated as a definite chemical body, but a fixed quantitative
relation holds between them, the same amount of a given antitoxic
serum always just neutralizing a measured amount of a particular
toxic solution, just as a given quantity of caustic soda always
neutralizes the same amount of hydrochloric acid. Antitoxin
formation has no relation to natural immunity, for the blood
of an animal which is naturally immune, say to tetanus, does not
contain tetanus antitoxin; but in recovery from tctanus in a sus-
ceptible animal the antitoxin appears in the blood. When this
happens, any fresh toxin that the bacilli form will be immediately
neutralized, and the latter will thereby be deprived of their power
to injure the cells of the animal. In the production of passive
immunity similar phenomena take place; the antitoxin artificially
injected into the blood combines with the toxin and protects the
cells from its action.

The practical applications of these researches into immunity are
twofold: diagnostic and therapeutic.

The chief examples of their diagnostic application are (@) the
agglutination reaction in the diagnosis of typhoid, paratyphoid,
Mediterranean (Malta), and other fevers, etc., and in determining
the causal relationship of a particular organism in bacillary dysentery
and other diseases; (b) the complement-fixation test in syphilis
(Wassermann’s reaction, p. 21), tuberculosis, gonorrheea, and a few
other diseases; and (c) the use of toxins in the diagnosis of particular
diseases, such as tuberculosis and diphtheria. Introduction into a
patient suffering from a particular disease of some of the toxin of the
bacilli which cause the disease often gives rise to local inflammation
or general disturbance. Thus in a tuberculous subject hypodermic
injection of a small quantity of ‘old tuberculin’ (the concentrated
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filtrate of a broth culture of the tubercle bacillus) may cause a sharp
rise of temperature, and sometimes headache, shivering, and pains in
the limbs. The same preparation scratched into the skin gives rise
to local inflammatory reaction (von Pirquet’s test, p. 18¢), or, if
dropped into the eye, causes severe conjunctivitis (Calmette’s test,
p- 189). A similar reaction is induced in those who are susceptible
to diphtherial infection by introducing into the skin a small quantity
of diphtheria-toxin (Schick’s test, p. 140), a useful procedure, ¢.g. in
institutions where children are collected together, by which it may
be determined which of them need prophylactic treatment against
the disease.

The therapeutic applications are very important, though there is
still much to be done before their practical use is fully understood.
The substances employed in prophylactic immunization, and in
the curative treatment of disease, fall under three main headings:

I. Vaccines consist of emulsions of dead bacteria* which are
injected—usually subcutaneously, sometimes intramuscularly or
intravenously—with a view to influencing beneficially infections
in other parts of the body due to a similar organism. Such injec-
tions stimulate the defensive powers of the tissues, not merely
locally, but generally, the antibodies so produced being thus avail-
able in increased amount to antagonize or neutralize the organisms
and their products at the site of the disease. It usually happens,
however, that the reaction of a living tissue is much greater than the
stimulus demands, and thus, just in the same way as a fracture
frequently leads to a formation of callus greater than is necessary for
ultimate repair, so a vaccine results in a development of antibodies
greater in amount than is required locally, and the superabundance
thus created is available to deal with infections in other parts of
the body.

As used curatively, they are prepared as follows: The organism
is obtained in a pure condition from the patient to be treated, and
a young culture is emulsified with sterile normal saline solution, and
sterilized by being heated to a suitable temperature—e.g., 60° C.
for an hour. The number of bacteria per cubic centimetre is
then ascertained (there are several methods by which this can be
done), and the emulsion diluted with a sterile 025 or o'5 per cent.
solution of lysol or carbolic acid in normal saline solution. The
degree of dilution has, of course, to be determined by the strength of
the original emulsion, and by the number of bacteria which it is
desired to administer in each dose. This varies greatly with different
organisms; thus staphylococci are usually tolerated in large doses
(increasing to 500 million or more), whereas B. colz, though individual
strains vary greatly in virulence, in large doses may cause severe local
and general symptoms, and the number given should be smaller.
As a rule the patient acquires some degree of tolerance, and the dose

* Vaccinia, or cow-pox vaccine, from which the generic term ‘ vaccine’
was originally derived, contains the lwing micro-organism—a filter-passer—
of that disease.
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may usually be increased gradually or more rapidly as the treatment
progresses.

It is always advisable, where practicable, to prepare the vaccine
for each patient from the organism which is attacking him (auto-
genous vaccine), since there are minute differences between the
various strains of bacteria, and a ready-made vaccine may not prove
efficacious against an infection with, apparently, the same species.
This is less important in the case of the staphylococci, more so in
dealing with the streptococci and B. coli. As, however, the vaccine
takes a few days to prepare (having to be tested for sterility), it is
sometimes useful to commence the treatment with a small dose of a
stock vaccine. Another point of great importance is that many
infections are due to more than one variety of organism, e.g. strepto-
cocci may also be present along with staphylococci in boils and
other suppurative conditions, or along with B. coli, etc., in genito-
urinary infections; catarrhal conditions, ¢.g. of the throat, are often
due to multiple organismal infection, and so on.

Of recent years evidence has accumulated to show that, in addition
to their action in stimulating the production of specific antibodies
(opsonins, agglutinins, etc.), vaccines may also have non-specific
effects. Wright and his co-workers and others have shown that,
following the subcutaneous or intravenous inoculation of a suitable
dose of vaccine, marked increase i1. the bactericidal power of the
blood is produced, which reaches a maximum within about four hours.
This bactericidal action is non-specific; an injection of 1,000 million
killed staphylococci increases the bactericidal power of the blood
‘against all organisms indiscriminately. This rapid production of
bactericidal substances, which have been demonstrated in the
laboratory, furnishes us with an explanation of the immediate
improvement sometimes seen in febrile conditions after inoculation
of a small dose of a vaccine—an improvement which occurs much too
soon to be due to any specific immune bodies, since these require a
week or ten days for their production. This phenomenon is also
utilized in immuno-transfusion. A healthy donor of an appropriate
blood-group is inoculated with a large dose of a vaccine, which may
be of any organism, but usually staphylococci (1,000 million) are em-
ployed. Five hours later, when the bactericidal substances are at
a maximum, the donor is bled, and 500 to 700 c.c. of his defibrinated
blood are injected intravenously into an acutely ill patient whose
response to his infection is failing. The addition of the healthy
leucocytes and blood rich in bactericidal substances may enable him to
cope with the infection. A non-specific effect of a vaccine—probably
of the nature of protein shock—is also utilized in treatment of some
more chronic conditions, such as rheumatoid arthritis, asthma, dis-
seminated sclerosis, etc. Here a large dose of vaccine sufficient to
cause a sharp febrile reaction is administered. With the pyrexia
is associated a considerable polymorphonuclear leucocytosis. The
beneficial effect seems to be proportional to the severity of the
reaction, and it is the actual fever and leucocytosis that cause
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the improvement rather than any stimulation of antibody pro-
duction. .

The use of vaccines must not be looked upon as replacing surgical
treatment, but as an adjunct thereto. Abscesses must be opened
and drained, dead bone removed from the bottom of a sinus, etc.,
septic teeth extracted or tonsils enucleated, etc., but the use
of a suitable vaccine may often greatly aid the process of healing
and shorten the convalescence. In cases which are not amenable to
surgical treatment, or in which the surgeon desires to wait for a time
before operating, this treatment should be tried whenever possible.
Boils, however, may often be aborted in a most striking manner by
an injection of 250 to 500 million staphylococci.

2. Antitoxic Sera in common use are prepared against the toxins
of tetanus, diphtheria, and some varieties of bacillary dysentery.
These, as has already been explained, contain substances which
neutralize the extracellular toxins of the organisms in question:
the problem of preparing potent antitoxins for the intracellular toxins
has not yet been solved. The main point to notice in the use of
antitoxic sera is that they will render the toxins inert, provided that
they are brought in contact therewith before the latter have com-
bined with and injured the living cells; hence the importance of their
early administration in sufficient amount. Time may be saved by
intravenous injection, since it has been found that diphtheria anti-
toxin is not fully absorbed from the subcutaneous tissues for twenty-
four hours or more. The process is simple. The serum is warmed
to body-heat and sucked into a suitable sterile syringe. The skin
over a large vein of the forearm is prepared as for an operation, and
the vein itself rendered prominent by obstructing the circulation.
e.g. by a blood-pressure armlet round the upper arm. All air is
removed from the syringe and needle, and the latter introduced
obliquely at the side of, and about } inch from, the distended vein.
It is pushed gently on until the vein is entered, when blood can be
drawn into the syringe. As soon as this happens, the pressure ot the
armlet is released, the piston pushed down, and the antitoxin injected
slowly into the circulation.

3. Antibacterial Sera contain antibodies which act, not upon the
toxins, but upon the organisms themselves, by (1) bactericidal or
bacteriolytic action, (2) opsonic action, and (3) agglutination. The
results obtained by their use are not so striking as in the case of the
antitoxic sera, but they should be given a trial in cases of severe
infection. Of these sera the most important in surgical practice are:

(a) Antistreptococcal Serum, which is prepared by immunizing
horses with living cultures of Streptococcus pyogenes. A poly-
valent serum prepared by employing a variety of strains is commonly
utilized. Recent work, however, has shown that though there are
innumerable strains of S. salivarius and S. fecalis, the hemolytic
streptococci (which are responsible for the more acute surgical
streptococcal lesions, cellulitis, erysipelas, etc.) belong with very few
exceptions to a single serological type, and a monovalent serum is,
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therefore, equally effective against these particular varieties of
streptococcal infection. The dose of serum administered may be
20 to 50 or 100 c.c., subcutaneously or intravenously, and this
may be repeated as often as necessary. A transient rise of tem-
perature (due possibly to solution of the streptococci and liberation
of their toxins) is not necessarily a bad sign, and is often followed
by a marked improvement. It should benoted, however, that certain
of the non-h®molytic streptococci may attain a considerable degree
of virulence, and may be found in broncho-pneumonia and in some
cases of puerperal fever, and in subacute infective endocarditis, etc.,
or along with other organisms such as staphylococci, B. coli, etc.
(see p. 61). A specific antiserum is now also prepared against the
streptococcus of scarlet fever, for prophylactic and therapeutic,
as well as diagnostic, use.

(b) Anti-anthrax Serum, of which the best known in this country
is that prepared by Sclavo. This has given excellent results in the
treatment of localized anthrax (malignant pustule), and the improve-
ment is often manifested within twenty-four hours. It should be
given intravenously.

(¢) Anti-pneumococcal Serum.—Before commencing treatment
with this serum, the type of pneumococcus present should be deter-
mined. If the infection is with Type 1. pneumococcus, good results
may be expected by treatment with large doses of Type I. antiserum
intravenously. The results obtained with Type II. antiserum are
not so good, and to the remaining types of pneumococcus efficient
antisera have not yet been prepared.

(d) Anti-dysentery Serum.—The action of this serum is probably
partly antitoxic, and partly antibacterial. It is usually prepared in
polyvalent form, and should be used for the treatment of ulcerative
colitis due to dysentery bacilli.

There are numerous other sera, which do not call for notice here.

Anaphylaxis and the closely allied phenomenon known as allergy
are conditions of supersensitiveness to foreign proteins, such as the
serum of another animal, egg-albumin, grass-pollen, etc. Super-
sensitiveness manifesting on the administration of a subsequent
dose of an antiserum is usually the result of an injection ten
days or more previously of serum from the same species of
animal (commonly the horse), and depends on the ordinary serum
proteins, not on the antibody content. If a minute quantity
(or001 or even, in some cases, only 0:000001 c.c.) of horse serum be
injected into a guinea-pig, the animal will become sensitized to horse
serum. If, after an interval of not less than twelve to fourteen days,
a second dose of 5 c.c. (non-toxic to a normal guinea-pig) be then
injected intraperitoneally, or one-tenth of that dose intravenously
(subcutaneous injection being more uncertain in its results), the
condition of acute anaphylactic shock rapidly supervenes with col-
lapse, dyspncea, and frequently death. The symptoms appear to be
due to a toxic effect on smooth muscle. Man is much less susceptible
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than the guinea-pig, but anaphylaxis may occur as the result of a
previous injection ten days to six months or more before, or rarely in
horse-asthma patients with no history of previous injection. Acute
anaphylactic shock in man causes extreme distress, with dyspncea,
cyanosis, and collapse; death may ensue, but the number of fatal
cases on record is very small. If there is any reason to suspect super-
sensitiveness, the patient should be tested beforehand by injecting
intradermically, not hypodermically, a small amount, ¢.g. 0'I c.c.
of the serum. If no urticarial or erythematous reaction occurs round
the site of injection within forty minutes, the administration may be
proceeded with ; but, should a positive reaction, which usually occurs
in from five minutes to half an hour, be obtained, desensitization
must first be effected. If there is no urgency, 0-025 c.c. of serum
should be administered hypodermically suitably diluted with saline,
and the dose should be doubled every half-hour. If no reaction
follows when the amount of 1 c.c. is reached, the following doses
are given intravenously, beginning with o'1 c.c., and doubling the
dose every half-hour until the total amount of, say, 25 c.c. has been
given. In urgent cases—e.g., in tetanus—a more rapid method must
be adopted, even though it entail some risk. A War Office Com-
mittee recommended the following method: 5 c.c. of the serum are
diluted with 50 c.c. of normal salt solution. Of this mixture, 1 c.c.
is injected intravenously, followed four minutes later by 3 c.c., two
minutes later by 10 c.c.,, and two minutes later again by 25 c.c.
Then in ten or fifteen minutes the full dose may be given intra-
venously or intrathecally. All such injections must be given very
cautiously and slowly. If any reaction occurs during this procedure,
the administration must be delayed. In cases where anaphylactic
shock has developed, atropine sulphate (-} grain) or a 1 in 1,000 solu-
tion of adrenalin (0'3 to 0'5 c.c. or 5 to 8 minims) should be given
intravenously in 10 c.c. of sterile normal saline.

Serum Disease, apart from the more serious phenomena described
above, under acute anaphylaxis, is another condition which may
follow the administration of a forcign serum, and is probably an
analogous phenomenon. Its frequency and intensity are in direct
relation to the volume of serum given. The first symptom is
usually an urticarial or erythematous rash, which appears between
the seventh and tenth day at the site of injection, and may become
generalized. This may be accompanied by malaise, slight fever,
adenitis, pains and cffusions into the joints, and albuminuria. The
condition causes considerable discomfort, but is never serious, and
recovery occurs within a few days. It is stated that intravenous
injection of 1 to 2 c.c. of the patient’s own serum causes rapid dis-
appearance of the symptoms. Calcium lactate in 15-grain doses
at the time of the injection and for a day or two subsequently may
be given as a prophylactic measure, but is not of great value.
Otherwise the treatment is purely symptomatic. An immediate
reaction may occasionally supervene after a second injection, almost
at once or within six hours; or an accelerated reaction may occur
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between the eighteenth hour and the fifth day, with the appearance
of rash, joint-pains, vomiting, pyrexia, and even convulsions and
collapse.

Allergy, which is a condition probably closely allied to anaphylaxis,
is the supersensitiveness, exhibited by some patients suffering
from certain diseases, to the products of the corresponding organism
—e.g., tuberculin or mallein in tuberculosis and glanders respectively.
This state is probably gradually produced by the bacterial products
set free within the body of the patient; and, in a similar way, hay-
fever, hypersensitiveness to various food-proteins, both animal
and vegetable, hairs, feathers, and other epidermal structures or
débris of animals, etc., is probably due to previous sensitization by
the absorption of grass-pollen, etc., or the other foreign proteins
involved. In certain cases, the condition of supersensitiveness
appears to be natural, rather than acquired. It may be hereditary,
and run in families, and it may take different forms in the different
members of such families.



CHAPTER IL

INFLAMMATION AND REPAIR.
Revisep By W. E. CARNEGIE DICKSON, M.D., B.Sc., F.R.C.P.E.

THESE two series of processes are so intimately intermingled and
dependent upon one another that no advantage is gained by en-
deavouring laboriously to distinguish them one from another. In
this series of processes sometimes one set, sometimes the other, may
predominate, but in most cases a more or less definite sequence of
events may be observed.

‘ Inflammation is the succession of changes which occur in a living
tissue when it is injured, providing the injury is not of such a degree
as at once to destroy its structure and vitality.” Such was the
definition given in 1870 by Burdon Sanderson, and it is sufficiently
accurate if it be remembered that the term ‘injury’ includes
bacterial invasion; and that the “ succession of changes ’ is presumed
to appear soon after the application of the injury. If such injury
has not completely destroyed the vitality of the tissues or killed them
outright, changes occur in and around the injured area, by which
Nature endeavours to limit and localize the effects of the irritant;
to antagonize, climinate, or enclose it if still present; and to make
good the damage, either by restoring the tissues to normal or patch-
ing them up as far as possible—casting off the débris if at a surface:
absorbing and removing it if within the body; or, if this cannot be
completely accomplished, transforming it to, or enclosing it by,
fibrous tissue within the living tissues. In the past, a great variety
of opinions existed as to the position of the dividing line between
inflammatory and reparative processes. Occasionally the tissue
reaction called into existence by bacterial invasion is so severe as to
increase, rather than diminish, the risks of the patient.

The causes of inflammation are varied and numerous. Most
frequently it is due to the admission of bacteria, and we have already
alluded (p. 12) to the conditions, local and general, which pre-
dispose an individual to such invasion, and render him more liable
to an inflammatory attack. Apart from bacteria, inflammation may
be lighted up by (a) mechanical lesions, such as blows, sprains,
tension, pressure, etc.; (b) burns or scalds; (c) the electric current,
either in the form of lightning, or as applied by the surgeon, or
through the agency of strong currents as employed for purposes of
traction or illumination; (d) toxic bodies, such as acids, alkalies, or
vegetable and animal poisons; and (¢) the irritating influence of
X-rays, radium emanations, sunlight, ultraviolet rays, etc.

29



30 A MANUAL OF SURGERY

The actual phenomena of inflammation are perhaps best studied in
the web of a frog’s foot. If this is spread out and examined under
the microscope, the following evidences of normal physiological
activity may be seen: (a) the flow of blood through the vessels (Fig. 12),
as indicated by the movement of the formed blood-elements—the red
corpuscles, each separate from the other, flowing in the central or
axial current; the leucocytes occasionally seen amongst the red, or
here and there one may be noticed rolling lazily along in the inert
corpuscle-free peripheral portion of the tube; (4) the constant
rhythmical changes in calibre of the arterioles independent of the
heart’s action, and influencing in a marked degree the flow through
the capillaries; and (c) the changes which occur in the pigment-cells,
and are due mainly to the influence of light, the cells contracting or
expanding as the light is increased or diminished.

I. The Vascular Changes in acute inflammation can be easily
studied if a crystal of common salt, or some such irritant, is applied
to the web. A transitory contraction may perhaps be noticed in
the arterioles, but is of no known pathological significance. It is
followed by a condition of Hypersemia of the inflamed area, as mani-
fested by a rapid and lasting dilatation of the vessels, accompanied
by an increase in the rapidity of the blood-flow (acceleration); it is
probably brought about by some change in the local vasomotor
mechanism. This increased rapidity of the flow lasts for a while,
and then the current gradually becomes slower and slower (retarda-
tion), as if an ever-growing obstruction existed to the passage of
the blood; next a period of oscillation will be noticed, the crowded
corpuscles swaying forwards and backwards, and finally a condition
of stasis or standstill is arrived at, which may or may not end in
actual thrombosis or intravascular coagulation. During this period
the relations normally existing between the vessel walls and the
varied constituents of the blood have obviously become modified,
since, almost as soon as dilatation occurs, the leucocytes, and also the
blood-platelets, collect along the walls in the periaxial inert layer,
seeming, as it were, to fall out of rank; this process first commences
in the veins, but can be observed in all the vessels. The red corpuscles
also, which formerly had flowed along separately, now tend to fall
out into the peripheral stream and to become more viscous, and may
become fused together.

The second factor in the vascular changes, Exudation of Lymph,
becomes evident at a very early stage, the amount and situation of
the fluid depending partly upon the nature of the irritant, and partly
upon the tissue or tissues affected. This inflammatory cedema may
occur into a tissue meshwork, or, if the inflammation is at a surface, it
may escape, or may collect, e.g. in a body-cavity. This exudation of
lymph is merely an exaggeration of a normal process, but to such an
extent that although for a time the lymphatics of an inflamed region
do increased work, yet the transudate is soon greater than they can
deal with. If the fluid escapes into the tissues, it may undergo
coagulation if it meets the necessary coagulating media (fibrin-
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ferment, etc.) developed from the breaking-down leucocytes, etc.;
inflammatory lymph forms locally, whilst the serum collects in the
meshes of the tissues, constituting an inflammatory form of cedema;
if there is a sufficient breach of surface, the serum drains away. If
the exudation takes place from a serous surface—e.g., pleura, peri-
toneum, synovial membrane, etc.—the fluid collects in and may
distend the cavity; it is at first spontaneously coagulable (i.e., con-
sists of plasma); if coagulation occurs, the clot or lymph either
forms an adherent plastic mass on the surface or floats free in the
fluid.

Emigration of Leucocytes.—It has been already mentioned that
the leucoeytes collect in the periaxial layer, a phenomenon due partly

Fie. 12. FiG. 13.

THE VASCULAR PHENOMENA OF INFLAMMATION. (AFTER THOMA )

On the left is a normal vessel with its peripheral layer free from corpuscles,
and its axial stream so rapid that the individual corpuscles cannot be
seen. On the right 1s a similar vessel 1n a state of inflammation; the
blood-current has been retarded so that the individual corpuscles are
visible; the leucocytes occupy the periphery of the vessel, and are in
process of migration.

to an alteration in the vessel wall, whereby it is rendered more
‘sticky,” and partly to chemiotaxis (p. 17). The next change
consists in the passage of the leucocytes through the vessel walls,
especially those of the smaller veins and less often of the capillaries.
The process is a strictly vital one, brought about by active
ameeboid movement; a small extruded process of the leucocyte
(pseudopodium) is inserted, usually between the endothelial cells
lining the vessel, whose cohesion has been probably interfered
with by the action of the irritant. Into this process the protoplasm
of the leucocyte flows, still further separating the endothelial elements,
and thus the cell passes through the wall into the surrounding tissues
(Fig. 13). The migration of the leucocytes lasts only as long as the
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blood in the vessel is actually circulating; as soon as thrombosis
occurs, migration ceases. When the white corpuscle has escaped
into the perivascular tissues, it may undergo various changes. In
the first place, it may die and be at once disintegrated, setting free
fibrin-ferment, and thus assist in the production of the inflammatory
coagulum to be shortly described; or, again, it may be transformed
into a pus-cell. It will also attack and assist in removing any
dead tissue which exists in and around the inflammatory focus, whilst
a phagocytic or microbe-destroying function is also subserved. In
fact, the leucocytes may be looked on as the scavengers of the body,
or as advanced guards, which, at the onset of mischief, are thrown
out from the vessels as Nature’s first line of defence against the
invading forces, their chief duty being to remove all damaged and
noxious material, and then, having limited the spread of the destruc-
tive process, they in turn give place to larger and more useful
cells (fibroblastic) which are the active agents in the process of
repair.

Passive Escape of the Red Corpuscles often occurs, especially in the
more acute types of inflammation, and such hzmorrhages, smaller
(petechial) or larger, are due to damage to the vessel walls. When
once external to the vessels, the red corpuscles are broken up and
their colouring matter diffused through the tissues, whence, as a rule,
it is completely reabsorbed.

Looked at, therefore, simply from a vascular point of view,

Inflammation =
Hyperzemia-}-Exudation of Lymph--Emigration of Leucocytes.

Each of the elements in the inflammatory reaction is of service
to the patient in combating an attack by bacteria and their
toxins. The acceleration of the blood-flow brings an increasing
quantity of blood to the part, and thereby helps to maintain the
nutrition of the tissues at the highest level, so that, if possible, they
may be preserved alive. It also assists by diluting and washing
away the toxins, and provides a suitable quantity of antibodies or
antitoxins, which are capable of neutralizing the action of the
toxins or destroying the bacteria. The excessive transudation of the
plasma may be regarded as an additional means of fulfilling these
desiderata. The value of the retardation and stasis of the blood
is less obvious, although it probably assists the emigration of the
leucocytes, which might otherwise find difficulties in attaching
themselves to the walls when floating freely in a rapid blood-
stream. The extravascular role of the leucocytes has been already
considered.

IT. Tissue-Changes.—The reaction of the tissues in acute bacterial
inflammations appears to depend on the one hand upon the irritative
power and nature of the toxins, and, on the other, upon the power
of resistance of the patient’s tissues. It may be laid down as a
general rule that any irritant, if weak enough (e.g., when very
diluted), acts as a stimulant to the function and growth of cells; on
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the other hand, if more powerful, it will cause changes varying from
slight degeneration up to complete necrosis or death of the tissues.

If the toxins are sufficiently active, death of the tissue may result.
This is often brought about by the process termed coagulation-
necrosis. In this condition, the tissues and cells become soaked in
the coagulable plasma which exudes from the vessels, and the
activity of the toxins causes coagulation and death of the whole
mass. The result is that all structure disappears from the area
involved: the nuclei cease to stain with hematoxylin or other basic
dyes, and all the tissues stain uniformly with acid stains, such as
eosin. The further history of the lesion depends on the nature of
the causative organisms. If these are of a pyogenic nature, the
necrotic mass becomes infiltrated with polymorphonuclear leucocytes,
some of which are killed by the toxins, ¢.c. suppuration occurs, with
softening and the formation of an abscess (see p. 66).

Mononucleated cells of various sizes and types appear in inflam-
matory exudates, sometimes earlier, sometimes later, and, for the
full discussion of the nature and functions of these, reference must
be made to the larger textbooks of pathology. It is sufficient to state
here that the large hyaline or endothelial cell may be derived either
from the blood or from tissue-endothelial cells. They often appear
comparatively early in the course of many inflammatory conditions,
especially of serous surfaces, and they usually increase progressively
in numbers, as the condition improves, and as the polymorphs
diminish in numbers. They are actively amceboid, and are con-
cerned especially with the phagocytosis and removal of dead cells
and débris, though they may also englobe bacteria. Later still,
‘small round cells, regarded by many as identical with lympho-
cytes, appear, and may gradually replace the larger mononuclears,
from which others believe them to be partially derived, as all inter-
mediate sizes may be found in the same exudate, ¢.g. in a recovering
pleurisy or meningitis. These ‘small round cells’ and also the
closely related plasma-cells are found especially in chronic inflam-
mations, and particularly in tuberculous and syphilitic conditions.

In any given case, the above described processes overlap and are
intermingled in varying degree; whilst the processes usually classed
under ‘repair’ may also supervene, carly or late, according as
the irritant and its effects are overcome and neutralized.

In the more chronic inflammations, active cell-proliferation is an
important element in the process, resulting in fibrosis and induration
of the parts. This mainly affects the interstitial tissues, and thereby
the specialized structure of an affected organ may be impaired.

ITI. The Terminations of inflammation will therefore vary con-
siderably with the cause of the trouble, whether bacterial or not,
with the intensity and duration of its action, with the nature of the
special tissues involved, and with the powers of resistance possessed
by the individual.

In bacterial inflammatiéns:— (x) Where bacterial infections are

limited in area and slight in degree, and, especially if not affecting
ks
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the more highly specialized tissues such as brain (in which repair is
usually very imperfect), there may be complete or practically com-
plete restoration to normal. (2) Frequently, however, local destruc-
tion of tissue results, and, according to the nature of the bacteria
and the tissues involved, this may be followed by (a) repair, the
necrotic tissue disappearing and scar-tissue taking its place; (b) sup-
puration, in which the affected tissues and the exudate are liquefied
and transformed into pus; evacuation of the abscess thereby formed
gives exit to the bacteria, the exudate, and the necrotic tissue, and
repair is finally brought about by the formation of granulation-
tissue and its cicatrization; (c) uleeration, when the necrotic or
suppurative process affects the surface; or (d) extensive necrosis or
gangrene, when the toxic effects of the bacteria are able to break
down the tissue-resistance to such an extent that the bacteria can
diffuse themselves widely through the part. In this connection it
may be noted that the specialized tissues of the more highly organized
and important organs are always more vulnerable than the simpler
forms of connective tissue, and this in spite of the fact that the
former are usually better supplied with blood. Thus, the growing
end of the diaphysis in a child is a most delicately organized region
and hence is peculiarly liable to serious destructive inflammation
from bacterial agents, which would do little harm if developing under
similar circumstances in, say, the subcutaneous connective tissues.

Resolution, or the restoration of the part to its natural condition
ahd function, can occur only when the injury has not been so severe
as to destroy the vitality of the affected tissues. The phenomena
are merely those of inflammation in a retrograde order—uiz., an
oscillatory movement first manifests itself amongst the corpuscles,
and then the blood-stream is gradually restored, slowly at first,
and more and more rapidly afterwards. The adhesiveness of the
corpuscles disappears by degrees, but it is some time before the
peripheral inert layer can be seen. The exuded leucocytes find
their way back into the circulation either through the vessel walls,
or to a greater extent via the lymphatics, or else they are dis-
integrated in the tissues and absorbed. The fluid exudate is
removed by the lymphatics. For some time after an acute attack
the vessels of the part, especially the veins, are dilated from simple
loss of tone, but this also gradually disappears.

In the artificial irritation produced by the injection-treatment of
varicose veins, the thrombus so produced is gradually transformed
into fibrous tissue.

Clinical Signs of Inflammation.

The Local Phenomena may be described under the four headings
suggested by Celsus (about A.D. 50), v¢z,, ‘ calor, rubor, tumor, dolor’
—heat, redness, swelling, and pain, with the addition of a fifth, viz.,
impairment of function.

Heat.—An inflamed part feels hot to the touch, and the tempera-
ture, if taken by a surface thermometer, is definitely raised above
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that of the surrounding skin. This is due to the increased amount
of blood flowing through it, for the temperature of an inflamed area
is never higher than that of the blood at the centre of the circulation,
i.e. in the heart.

Redness is due to the hyperemic condition of the inflamed part.
In the early active hyperamia the colour is a bright rosy-red, fading
quickly on pressure, and returning with equal rapidity. During the
period of retardation, the redness is more dusky, since the blood is
longer in passing through the capillaries, and so loses more of its
oxygen; the colour does not disappear or return so rapidly, and a
slight yellowish tinge often remains from the presence of extravasated
hamoglobin. When stasis is reached, and a fortiori if thrombosis
has supervened, pressure does not remove the red colour, and, should
such a state persist for long, permanent pigmentation may remain.

When the tissue inflamed is non-vascular—e.g., the cornea or arti-
cular cartilage—redness is of course absent until the part becomes
permeated by newly-formed vessels. In the case of the cornea,
however, a zone of deep pink injection is seen in the ciliary region.
A similar absence of redness is observed in an inflamed iris, owing to
the excess of pigment hiding the dilated vessels; if, however, the
inflammation is very prolonged, the pigment may be absorbed, and
the iris becomes obviously red.

Swelling arises from the same two causes, v:2., hyperemia of, and
exudation into, the part. Necessarily the amount of tumefaction
depends upon the acuteness of the disturbance and the distensibility
of the tissue, and in measure varies inversely with the amount of
pain. Where the inflamed area is covered by a thick and firm
fascia, not only is the tensive pain very considerable, but the chief
swelling may occur away from the inflamed area, e.g. over the back
of the hand in a palmar abscess. Where the inflammatory products
escape into lax tissues, the subjective phenomena are diminished,
although the swelling may be very great. Similar illustrations of
the occurrence of cedema at a distance are to be seen in inflamma-
tions of the sole of the foot, and in the swelling of the eyelids when
the scalp is inflamed. Swelling due to inflammation, though
diminishing after death, does not entirely disappear.

Pain results from the mechanical irritation of the peripheral nerve-
terminals, both by the increased arterial tension and by the pressure
of the exudate, so that it is much greater if, from the density of
fascial or fibrous investments, swelling cannot readily occur, e.g. in
the palm of the hand, or in the eye or testicle. Possibly the exudate
may have some direct chemical action on the nerve-terminals,
especially when destructive changes are taking place, or if they are
insufficiently nourished with healthy blood.

A marked feature of inflammatory pain is that it is always ag-
gravated by pressure, whether intrinsic—i.e., by increasing the blood-
pressure, as by hanging down an inflamed hand—or extrinsic, from
outside agencies, such as mechanical or digital pressure, the pain
then being known as tenderness.
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The pain of suppuration is throbbing in character; of an inflamed
mucous membrane, scalding, burning, or gritty; of an inflamed serous
membrane, stabbing; of inflamed bone, aching or boring, and often
worse at night; of an inflamed testicle, sickening. When the organs
of special sense are inflamed, there may be little real pain, but much
exaggeration of the spccial sense, e.g. flashes of light in retinitis and
noises in the ears in otitis interna. -

The pain is not necessarily limited only to the inflamed part, but is
sometimes experienced in distant regions, either through a similarity
of nerve-supply or from the fact that a sensory stimulus is always
referred by a patient to the end of the affected nerve. For example,
in hip disease the chief pain is often felt in the knee, because both
joints derive their nervous supply from similar sources. In spinal
caries pain is frequently experienced in the terminal branches of the
nerves issuing from the part affected, e.g. the * girdle ’ pain in dorsal
disease, and the so-called ‘ belly-ache * when the dorsi-lumbar region
is affected. Occasionally a sympathetic pain is experienced on the
opposite side of the body, especially when a bilateral organ such as
the kidney is involved.

Inflammation of intra-abdominal organs is often accompanied
by pain due to tension of the muscular wall of a hollow viscus
which may be definitely local, but is also frequently associated with
pain referred to various somatic nerves (viscero-sensory reflexes), and
possibly with muscular effects (viscero-motor phenomena). It will
suffice here to mention that a renal calculus will produce pain in
the groin and front of the thigh (genito-crural area), and perhaps
retraction of the testicle; gall-bladder lesions are often productive of
pain in the right shoulder. Other illustrations are noted elsewhere.

Impairment or Loss of Function is due sometimes to the mechanical
difficulty of using a swollen organ, sometimes to the pain elicited by
such attempts, but often to the paralyzing effect of the inflammatory
process, and this in infective lesions results from the direct influence
of the toxins on the protoplasm of the cells affected. Thus, an
inflamed eye is from various causes of little use for vision; a muscle,
when inflamed, is naturally kept at rest; glandular organs, e.g. the
liver and kidneys, have their functions, if not lost, at least much
diminished; and many similar illustrations might be added.

Constitutional Symptoms are constantly present in inflammatory
conditions, and vary greatly in their severity with the cause. In
non-bacterial cases there is usually some slight fever which does not
last long; but when bacteria are present, the absorption of toxins
may cause general symptoms varying in degree from a mild febrile
reaction to a grave toxamia which causes death. It is, however,
remarkable how much disturbance a small collection of pus under
tension may sometimes produce.

It is necessary at this place to deal only very briefly with the
subject of Fever or pyrexia. The general characteristics of the
febrile state consist in a greater or less elevation of temperature,
accompanied by a corresponding acceleration of the rate of the heart-
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beat and of the respirations. If it continues, the patient becomes
thin and emaciated, and loses muscular power. The mouth is dry
and the tongue furred; and in the later stages the lips and tecth are
usually covered with sordes (or accumulations consisting of inspis-
sated mucus and food débris in which bacteria grow and flourish
as in a culture-medium). The appetite is impaired, digestion is
imperfect, and the bowels constipated; the motions are often very
offensive. The urine is scanty and high-coloured, and owing to
the excessive tissue metabolism contains an unusual amount of urea
and urates. The excess of urea can be demonstrated clinically by
adding an equal part of cold nitric acid in a test-tube to some
urine, when crystals of nitrate of urea will form on the top of the
fluid, giving rise to a mass somewhat resembling sugar-candy in
appearance. The skin of a febrile patient is often dry.

The intensity and character of the fever vary with the preceding
condition of the patient, and with the nature and duration of the
disease. In young healthy adults the fever associated with an
acute inflammation is usually of an active type, pyrexia and its
accompanying phenomena, including, perhaps, a noisy delirium,
being well marked (sthenic inflammatory fever). In debilitated
subjects, as also towards the close of a long period of pyrexia (e.g.,
in the third weck of enteric fever), and in grave infections such as
erysipelas and septicaemia, exhaustion and collapse manifest them-
selves (asthenic fever, or the typhoid state). The pyrexia is not
necessarily high, and the patient often develops a condition of partial
consciousness or low muttering delirium, picking at the bedclothes
and passing his excreta in bed.

A Catarrhal inflammation is one affecting mucous membranes,
which in the early stages become dry, vividly red, and the seat of
a burning or scalding pain, whilst in the later stages there is free
secretion of mucus, muco-pus, or pus. At first the mucigenous
function of the hyperamic membrane is abrogated, and any cxtra-
vascular exudate passes into its substance, causing it to become
swollen. Cloudy swelling and proliferation of the epithelium soon
follow, with increased formation of mucus and partial, or, in severe
cases, extensive, desquamation of the epithelial cells, these passing
into the exudate as catarrhal cells. As the membrane becomes more
and more infiltrated with leucocytes, these are added to the dis-
charge, which is thus transformed into muco-pus, or even almost
pure pus, and small ulcers may develop from the loss of superficial
epithelium. Microscopical examination of the discharge reveals
catarrhal and pus cells. This form of inflammation is caused by
bacteria, or by the action of local irritants, and, when occurring in
the nose, throat, etc., is what is known as ‘ catching cold.’

A Croupous or Plastic inflammation is one characterized by the
formation of a firm false-membrane, due to the coagulation of the
plasma exuded from the vessels, and the deposit on the surface
of the resulting fibrin. When involving a serous surface, such as
the pleura, peritoneum, or synovial membrane, it gives rise to a
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ayer of plastic lymph, which may be absorbed, or organized into
adhesions; it is also seen in the alveoli of the lungs in lobar pneum-
onia. On mucous surfaces it may form a white, or yellowish-white,
flaky mass—the so-called ‘ false membrane '—which can be readily
detached, leaving an injected surface beneath, and with no loss of
substance, unless superficial necrosis has also occurred in the mucous
membrane itself.

The term Phlegmonous inflammation is now but rarely employed.
It was formerly applied to any inflammation of the subcutaneous or
submucous connective tissues of a spreading character, and with a
well-marked brawny inflammatory swelling or phlegmon.

Parenchymatous and Interstitial inflammations are terms which
indicate that in an inflamed organ or gland the process is limited
mainly, either to the actual and active substance of the organ, or
to the supporting fibrous tissue.

Treatment of Acute Inflammation.

It is possible here to deal only with general principles, the applica-
tion of which to different parts of the body will be considered
later.

I. The Local Treatment of Non-bacterial Inflammation.—1. Re-
move the exciting cause, if evident, and any contributory causes when
feasible. This is not a difficult matter when the lesion is a gross
one and the exciting cause tangible, e.g. a foreign body embedded
in the conjunctiva or cornea, or the use of a chemical irritant such
as formalin in an occupation eczema. In the majority of cases,
 however, the exciting cause has ceased to act, as in the case of
blows, sprains, burns, etc., and all one can do is to protect the
part from further irritation or secondary bacterial infection, to
relieve tension, and then to assist the tissues towards healthy
repair.

2. Keep the inflamed part at rest. Wherever inflammation exists,
both physical and physiological rest should be secured as far as
possible. Thus, an inflamed joint is immobilized; an inflamed
breast needs both support and the fixation of the arm, whilst if
in a condition of physiological activity this must be checked; an
inflamed cornea needs the application of a pad and bandage to
prevent the friction of the eyelid; an inflamed retina is put to rest
by exclusion of the light.

3. Reduce the local blood-pressure and hyperzmia, and thereby
relieve tension by diminishing both exudation and pain. It may
be pointed out here that, although both hyperemia and exudation
are beneficial, yet they are often present in excess, and it then
becomes needful to keep them under control. Elevation of an
inflamed limb may secure this end, and is usually required in in-
flammatory conditions of the leg, for it is well known that emptying
the veins by gravity leads to reflex contraction of the arteries.
This elevation must not be overdone, or serious interference with
the vitality of the limb may result. The rule adopted is to raise
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the affected part to such an extent as to assist the venous return
without interfering with the arterial supply. The employment of
a suspensory bandage for an inflamed testicle may be taken as
another example of this principle. Local blood-letting by punctures,
scarification, and wet or dry cupping, is useful in suitable cases, and
sometimes gives immediate relief to pain.

Cold wisely utilized is of the greatest service in reducing hyper-
@mia by causing contraction of the arterioles. It should be used
only in the early stages, as it depresses the vitality of the part, and
so, if much congestion is present, may do more harm than good.
Again, it should be used with the greatest care in old people, from
fear of causing necrosis of the skin. Cold may be applied by means
of an ice-bag; or by irrigation from a vessel suspended over the part
containing iced water or lotion, from which strips of lint descend to
envelop the inflamed area; or a piece of lint wrung out of evaporating
lotion may be placed directly on the part; or, better still, the iced
water may be run through a coil of leaden pipes (known as Leiter’s
tubes), fitted carefully to the inflamed region.

Heat, especially when combined with moisture, is very largely
used in treating inflammatory affections, and acts in a diametrically
opposite way to cold by relaxing the vessels and tissues, thus
reducing the tension and pain; it also favours the activity and
vitality of the part by increasing the vascular supply and facilitating
lymphatic absorption. For subcutaneous lesions, rubber hot-water
bottles, fomentations, medicated or not with opium or belladonna,
or spongiopiline wrung out of hot water, poultices, or simply dry
heated cotton-wool, may be employed. Other methods of employ-
ing dry heat are suggested in Chapter XI., but are more applicable
to the chronic varieties of inflammation.

II. The Local Treatment of Inflammation of Bacterial Origin.—
This is a somewhat different problem in that its object is to destroy
bacteria, to climinate their toxins, and to attain this end with as
little destruction of tissue as possible. The chief difficulty lies in
the stagnation present in the bloodvessels and lymphatics of the
inflamed part, so that no fresh blood is circulating through it. At
the same time the toxins formed by the bacteria have the oppor-
tunity of acting on the tissues, and are absorbed into the blood,
thereby leading to its deterioration. It is more than doubtful
whether antiseptics which do not involve the total destruction of the
tissues invaded have any influence on bacteria when once the
latter have established their foothold. If applied in weak solutions
they are incapable of acting on the bacteria, and if in strong solu-
tions they are liable to add to the damage already inflicted on the
parts by the bacteria and to check reparative processes. Hence the
agencies at our disposal for combating a bacterial inflammation are:
(@) The antitoxic and bactericidal properties of the blood, which
can be influenced beneficially by antisera, vaccines, drugs, and diet;
and (b) external applications and procedures, directed towards the
removal of stagnant blood and exudate, and to the provision of a
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sufficient supply of fresh blood which shall assist the tissues in the
direction of repair. The actual methods are as follows:

1. Remove the cause if possible, as, for instance, an infected
foreign body, or a buried stitch at the bottom of a sinus. In some
cases it is possible totally to excise a local focus—e.g., the track of
an infected gunshot wound; whilst in others, such as a carbuncle,
one can cut or scrape away the greater portion of the infiltrated
and sloughy tissue, but this is only of value so long as the in-
fection is limited and localized.

2. Keep the inflamed part at rest as far as possible, not only for
physical and physiological reasons, but also to prevent mechanical
dissemination of the infective virus. This may be effected by con-
fining the patient to bed, or by the use of splints or slings. gpecial
consideration must, however, be given to the later functional effect
upon a part of prolonged immobility (p. 299).

3. Unload the stagnant vessels, both veins and lymphatics, by
elevation, hot applications, which soften and relax the tissues, or
by local blood-letting. Scarification is of great value 1n the slighter
cases; but, when stasis has occurred, free incisions are often indi-
cated in order to relieve tension, and also to allow of the escape of
bacteria and their toxins.

4. Promote the removal of the exudate which is hampering the
efforts of the tissues to regain the mastery over the bacteria. (a) This
exudate may collect in spaces in and amongst the tissues (called by
Sir A. Wright ‘ dead spaces ’), or in an abscess cavity with or without
contained sloughs or foreign bodies. Free incisions and effective
mechanical drainage are required for these, and drainage tubes or
gauze packs at a later date. () The exudate may also be held up in
the tissues, and by its pressure on the vessels may prevent the access
of fresh blood, the escape of antibacterial lymph, and the emigration
of leucocytes. For this condition of the wound, tissue-drainage or
lymph-drainage is required, and no means is more effective for this
purpose than the constant application of some hypertonic substance,
such as salt solution (5 per cent.). The methods of application of this
agent and a short note on its physiological action are given at p. 93.
(¢) In the later stages, when there is free discharge of pus, the exudate
must be removed by the use of irrigation or baths so as to hinder the
erosive or digestive action of the trypsin set free from broken-down
leucocytes.

5. Increase the supply of healthy blood to the part by the applica-
tion of heat, as by poultices when the skin is unbroken, or boric acid
fomentations if there is a wound, or by employing one of the methods
of artificial hyperemia suggested by Professor Bier.

Artificial or induced hypersmia as a means of treatment for
inflammation is based on the assumption that the hyperemia and
accompanying leucocyte-emigration are useful rather than harmful
if they can be suitably controlled. In acute cases the hyper@mia is
usually excessive, and therefore harmful by preventing the access of
fresh healthy blood to the part. Bier’s treatment requires the relief
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of this natural harmful congestion by elevation, etc., and subsequently
replaces it by a controlled hyperemia, the parts being flooded from
time to time with fresh blood.

Induced hyperemia is of two types, active and passive. The
active variety consists in determining an increased flow of blood to
the part by vaso-dilation, and is arterial in origin. It is best accom-
plished by heat, either by fomentations, or immersion in hot water,
or by one of the diverse methods of applying hot air now available
(e.g., radiant-heat baths, in which the heat may be assisted by
various other elements in the spectrum).

Passive hyperemia is venous in origin, and may be induced by
the application of a constricting bandage on the proximal side of the
inflamed area, or by the use of Klapp’s suction balls. The constrict-
ing bandage is of elastic material, and Martin’s rubber bandage may
be suitably utilized. It is applied with sufficient firmness to obstruct
the venous return without interfering with the arterial supply, and
if this is satisfactorily effected, the limb becomes reddish-blue,

F1G. 14.—KLAPP'S SucTiON BALL.
Suitable for small superficial infections—e.g., boils or carbuncles.

swollen, and cedematous, but without pain; if it becomes cold, or
the patient complains of the pain being increased, the bandage has
been applied too tightly. By the use of a blood-pressure armlet and
gauge, the amount of pressure may be accurately adjusted. When
the correct degree of tension has been reached, the limb is com-
fortable, and the bandage may be retained in position for two or three
hours at a stretch twice a day, being removed between the applica-
tions so as to relieve the cedema and empty the limb of the accumu-
lated and more or less stagnant blood. This method of treatment is
maintained until the inflammation diminishes, and then the length of
the daily application of the bandage is gradually reduced.

Klapp’s suction balls (Fig. 14) are employed in cases where a
rubber bandage cannot be applied—e.g., for an abscess or carbuncle
on the trunk or back of the neck, for an inflamed breast, or for a
septic finger. A suitably-shaped bell-glass (similar in type to the
wet or dry cup of olden days), the edge of which is greased or
moistened, is fitted over the inflamed part, and the air within
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rarefied by a rubber suction-pump. Blood is thereby drawn into
the tissues, which swell up into the cup; and if there is an open
wound, as in a boil or carbuncle, discharge and sloughs are sucked
out therefrom. The application is maintained for five or ten minutes
two or three times a day.

6. Prevent the access of fresh or a mixed infection to an open
wound by suitable dressings and antiseptics.

III. General Treatment of Inflammation.—This varies considerably
with the condition of the patient and the severity of the attack.

In robust patients where the blood-pressure is high, the pulse
large and full, and the local signs, pain, etc., well marked, it may be
advisable to lower the arterial tension by means of such drugs as
antimony, aconite, ipecacuanha, acetate of ammonia, colchicum,
etc., whilst means are also taken to ensure free activity of the
skin, kidney, and bowels, whereby toxins and other irritating sub-
stances may be eliminated from the body, and the blood thereby
purified. In a few cases—wviz., acute pneumonia or meningitis—it
may even be desirable to resort in the early stages to venesection,
but only in powerful, full-blooded adults, and never to such an
extent as unduly to lower their resistance. Subsequently the
administration of a suitable supply of simple, easily-digested food is
required, the exact nature of which depends on the temperature and
the condition of the digestive organs, as indicated by the tongue, etc.

When the patient is weakly and feeble, and especially when his
strength has been gradually sapped by persistent fever and toxamia,
general treatment is mainly a matter of feeding, and depends as
much on the care and devotion of the nurse as on the skill of the
doctor. Stimulants may be required in these cases, and, of course,
the functions of the bowels and kidneys must be suitably attended
to, though without depressing the patient’s strength.

It is probable that moderate pyrexia is useful rather than harmful
in infective diseases, in that it encourages the formation of anti-
bodies. Hyperpyrexia, however, is harmful, in that it paralyzes the
tissues and checks the production of these substances. It is un-
necessary, therefore, to employ antipyretic measures except when
the temperature runs high, and the chief reliance should then be
placed on drugs such as quinine or aspirin, or on tepid sponging.

Chronic Inflammation.

The Causes are similar in character to those producing the acute
varieties of inflammation, but slighter and more prolonged in their
action. Many of the manifestations met with in surgical practice
are due to syphilis, tubercle, gout, or rheumatism, and one should
never treat chronic cases without carefully inquiring as to the possible
existence of some such underlying disease.

The Phenomena are essentially the same as those of the acute
process, though the development is somewhat different.

1. The hyperemia is less in degree, but longer in duration, owing
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to the causative irritant being frequently of moderate or slight
activity. The local manifestations, therefore, are less obvious; pain
Is not so great and mainly of an aching character, whilst there is
le_ss heat, the redness is more dusky, and the tissues often become
pigmented. Considerable loss of tone in the vessels, especially the
veins, results from their prolonged distension, and thus there is greater
difficulty in restoring them to a normal state.

2. The corpuscles do not adhere together or run into rouleaux to
the same extent as in acute inflammation, and migration of poly-
morphs, though it exists, is on a limited scale. The exudate is more
fluid in character, containing comparatively little albumin or fibrin;
in fact, in some chronic inflammations of serous membranes the
cavities are distended with fluid of a much lower specific gravity than
that. of blood-serum.

3. The greatest difference between the acute and chronic pro-
cesses lies in the reaction of the tissues. In acute inflammation,
increased proliferation of the tissues is rarely a marked feature;
in chronic inflammation overgrowth of the tissues, especially those
which are less specialized in their functions, e.g. the connective
tissues, is of constant occurrence.

An area which is in a state of chronic inflammation is infiltrated
with round cells which are derived from various sources. (a) In
certain tissues, cell-proliferation is well marked, especially in the
endothelial cells of the wvessels, perivascular lymphatics, and
lymph-clefts, whilst in other parts, e.g. the central nervous system,
the nerve-cells themselves, though the neuroglia cells do so in
varying degree, never undergo proliferation. () In most cases,
however, these round cells are indistinguishable from lymphocytes,
and are often found grouped in large numbers round the smaller
vessels; in the chronic granulomata this is specially characteristic,
large areas composed mostly of these lymphocyte-like cells being
present. (c) Another cell which is often found in these lesions is the
plasma-cell ; it is larger than the lymphocyte, and usually of an oval
shape; the nucleus is about as large as that of a lymphocyte, is rich
in chromatin, peripherally arranged in large granules, and is placed
eccentrically in the cell. The protoplasm has peculiar staining
affinities. These cells may occur in chronic inflammatory lesions in
great numbers, sometimes almost to the exclusion of other types in
areas of considerable size; but generally they are mixed with
lymphocytes, etc.

From whatever source they are derived, these newly-formed cells
usually develop into fibrous tissue, but sometimes produce struc-
tures more or less resembling normal tissue. Organization is there-
fore a marked feature of chronic inflammation. The actual results
vary according to the part of the body affected, and also with the
cause of the trouble. In simple chronic inflammation, not due to
tubercle or syphilis, the part becomes infiltrated and enlarged, and
if this persists, fibrosis or sclerosis follows. Thus, a bone is thickened
and condensed in chronic osteitis (osteo-sclerosis), and in chronic
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periostitis a new subperiosteal formation of bone occurs. Lymphatic
glands become enlarged and indurated, mainly by hyperplasia of the
adenoid reticulum and connective tissue; if the skin is involved, it
either becomes hypertrophied and thickened, or entirely loses its
characteristic structure, being converted into granulation or fibro-
cicatricial tissue, with or without an intervening ulcerative stage.
True suppuration rarely occurs, although certain organisms of low
virulence occasionally lead to its development. Tuberculous and
syphilitic lesions have their own characteristic features (¢.v.).

Constitutional symptoms are but little evident, beyond those
dependent on the condition to which the local phenomena are due,
or to septic changes developed secondarily.

The Treatment of chronic inflammation is usually more prolonged
and difficult than that of acute cases.

1. The cause must be removed whenever practicable, e.g. foreign
bodies, dead or diseased bone, septic teeth or tonsils, etc., require
Temoval; or a chronic abscess must be aspirated, or if need be opened
and drained.

2. Keep the part at rest. This is just as much an essential as in
the treatment of acute inflammation. Affected joints should be im-
mobilized; the spine must have the weight taken from it by suitable
appliances, or, better still, by maintaining the recumbent position;
secretory glands are not actively exerciSed, and the organs of
sense are protected from irritation.

3. Counter-irritation is one of the most useful forms of treatment
for chronic inflammatory conditions. It is applied in many different
ways, according to the character of the disease and the part involved.
Thus, friction with the hand, or with stimulating embrocations, pro-
duces a hyperemic condition of the skin, and promotes local activity
in the superficial parts which may react beneficially on deeper
structures. Scott’s dressing may be similarly employed; it consists
in wrapping up the part (e.g. a joint) in strips of lint covered with
ung. hydrarg. co. (containing over 10 per cent. of camphor), and
then encircling it firmly with soap plaster, spread preferably on
chamois leather. Iodine paint is another useful application, whilst
blisters are most valuable in suitable cases; they are produced
by applying a cantharides plaster, or by painting the affected
area with liquor epispasticus or a collodion blistering fluid. The
actual cautery is the most severe form of counter-irritant, and
is especially useful in some varieties of chronic inflammation of
bones and joints. The exact modus operandi of counter-irritants
is a little difficult to understand, but it seems likely that in
some cases they act by determining hyperemia of the part, and
in others through some influence on the nervous supply.

4. Pressure is an important element in the treatment of chronic
inflammatory disorders, and probably acts by bracing up vessels
which have become relaxed and atonic from the prolonged dis-
tension to which they have been subjected. It also favours
the absorption of inflammatory exudates. Firm bandaging, and
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especially the use of an elastic support, are the usual methods of
application.

5. Artificial hyper@mia (Bier’s treatment) is also of value in
chronic inflammation, and perhaps finds most useful expression in
the form of hot-air baths, or varous clectrical methods noted else-
where (Chapter X1.), or in the direction of massage and remedial
exercises.

6. General or constitutional treatment must be adopted to meet
the specific diseases which are commonly associated with chronic
inflammation, e.g. mercury or iodide of potash in syphilis.

7. Finally, if the condition is bacterial in origin, and the organism
can be isolated, a vaccine may be prepared and treatment carried
out on the lines laid down on p. 23. Ordinary surgical methods
must at the same time, however, not be neglected.



CHAPTER IIIL

THE BLOOD IN HEALTH AND DISEASE.
Revisep BY W. E. CARNEGIE DICKSON, M.D., B.Sc., F.R.C.P.E.

ALTHOUGH an examination of the condition of the blood is frequently
of great importance to the surgeon, a mere outline of the chief facts
is all that can here be attempted.

Red Blood-Corpuscles.—In health, these vary between 5 and 6
millions per cubic millimetre in men—usually 5% to 6 million in the
healthy young adult male—and 5 to 5% million in women, and are
readily counted by means of the Thoma-Zeiss hemocytometer or other
similar instrument. The chief surgical value of such investigations
arises in connection with heemorrhage, for they enable us to ascertain
the effect of such loss on the constitution of the blood, and to trace
the process of recovery. It is usually advisable to supplement the
counting of the corpuscles by estimating the amount of hemoglobin
present by means of Haldane’s or some other heemoglobinometer, the
result being expressed as a percentage of the normal amount. Thus,
blood containing half the amount that should exist in a given bulk
in a normal man is said to contain 50 per cent. of hemoglobin. It
is also convenient to calculate the ‘ corpuscular richness ’ or ‘ colour-
index,” which is done by dividing the percentage of heemoglobin by
the number of corpuscles expressed as a percentage of the normal.
For example, if under normal conditions the hemoglobin is 100 per
cent., and there are 5,000,000* corpuscles per cubic millimetre, the
colour-index is }$3=1. If the corpuscles have fallen to 3,000,000
(60 per cent. of the normal), whilst the haemoglobin has fallen to
30 per cent., the colour-index is 3$=o0-5; that is to say, each red
corpuscle contains only half as much hemoglobin as it should.

* It has been customary in the past to regard 5,000,000 as the ‘ normal ’
number of red corpuscles, and to calculate the colour-index from this figure.
As, however, 5,000,000 is, in robust health, an underestimate, it follows that
the normal colour-index is often slightly below unity when so calculated. A
convenient and rapid method of calculating the colour-index is to double
the first two figures of the number of the red corpuscles and divide the hemo-

globin percentage by the result. Thus, with the figures 5,000,000 and
100 _ 100

100 per cent, -5—8;(--2-—56=umty—the present ‘standard ’ figure. But, with
5,500,000 and 100 per cent., the colour-index would be foo _10 9, or just a
55X 2 II0

trifie more than o-9. The example given above in the text would give
30 _30_
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In general, in cases of anemia, a high colour-index is indicative of
pernicious anzmia (e.g. 1I'0 to I'2, 1'3 or more); and one which
is red)uced suggests secondary anemia (e.g. down to o7, 06,
or 0'5). .

If the blood is examined immediately after a patient has suffered
from a severe hemorrhage, it will naturally be found to be normal
in composition; part has been lost, but the quality of the remainder
has not altered. After a short time the volume of blood is restored
to normal by means of fluid absorbed from the tissues. In this stage
the blood is more diluted than normal, the red corpuscles and
hzmoglobin being alike reduced, the latter more than the former.
There is also in most cases a temporary increase in the number of
leucocytes. The process of absorption of fluid from the tissues is
imitated artificially in the infusion of saline solutions in collapse or
after severe haemorrhage, and it is found that this process has a
beneficial effect in accelerating the subsequent regeneration of the
blood as well as in raising the blood-pressure and removing the
urgent symptoms.

In the subsequent process of recovery the red corpuscles increase
more rapidly than the hemoglobin, so that the colour-index falls
somewhat. The length of time necessary for full regeneration of
the blood varies greatly, the process being more rapid in men than in
women, and in young adults than in the old or in children. Approxi-
mately I per cent. of hemoglobin is regenerated per diem; thus the
blood should become normal in about twenty days after the loss of
20 per cent. of heemoglobin if the patient is kept under favourable
conditions.

It is not possible to lay down any definite rule as to the amount
of hemorrhage which is necessarily fatal. Other things being equal,
a patient will survive a much greater loss of blood if it takes place
gradually than if it takes place quickly. In the latter case a
reduction of the hemoglobin to 50 per cent. will probably be fatal,
whereas in the former it may fall to 20 per cent., or lower, and
recovery still take place. Women tolerate loss of blood better than
men, and men tolerate it better than children.

Anzmic patients are usually bad subjects for operation, but
it is not possible to formulate any precise rule for the guidance
of the surgeon as to the degree of an®mia which should make
him unwilling to operate. Whenever the operation is likely to
be of a serious nature, preparatory blood-transfusion should be
considered.

It is important to notice that a high degree of anemia occurs in
acute streptococcal lesions, septicemia, etc., and this fact is occa-
sionally of diagnostic value. The diminution of the corpuscles and
hamoglobin usually occurs rapidly, sometimes with a rapidity only
second to that which obtains after serious hemorrhage, and gives
rise to a severe form of secondary anzmia. The colour-index is
usually low, the hamoglobin being destroyed more rapidly than
the corpuscles.
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Leucocytes.—The examination of the leucocytes is often of great
importance. It comprises an enumeration of the total number per
cubic millimetre, and a differential count of the relative number
of the various kinds. The former examination is carried out by a
method similar to that used in counting the red corpuscles, and,
as it takes but a few minutes and requires but little practice, should
be learnt by all surgeons.

The differential count is made on thin films of blood, which are
dried and stained by a double or triple stain, of which Leishman’s
is the most satisfactory. It consists of a solution of eosinate of
methylene blue in methyl alcohol. The blood-film, prepared on a
clean slide, is allowed to dry spontaneously, and is covered with the
stain without preliminary fixation. After one minute the stain is
diluted. by the addition of double its volume of distilled water, and
the diluted stain is allowed to act for five minutes. It is then well
washed with distilled water, the excess of water blotted off, and the
film thoroughly dried by waving in air. It may then be examined
at once under an oil immersion, or mounted in Canada balsam, and
examined under a §-inch lens, each leucocyte seen being noted down
until 250 or more have been counted. The results are reduced to
percentages.

In health the blood contains about 8,000 leucocytes per cubic
millimetre, five different forms of cell being present—the polymorpho-
nuclear leucocyte, the eosinophile, the basophile, the lymphocyte,
and the large hyaline mononuclear. Of these, the first three contain
numerous definite granules in their protoplasm. In the following
description we assume that the film has been stained by Leishman’s
method. If other staining processes are used, the colours of the
various structures will naturally be somewhat different.

1. The polymorphonuclear leucocyte (Plate IV., Figs. 5 and 6) is
rather larger than a red corpuscle. It is characterized by having a
lobed or indented nucleus, which may appear to be multiple, but if
carefully examined connecting filaments between the variouslobes can
always be made out. It contains in its cytoplasm numerous minute
granules which stain purplish or pink with Leishman’s stain.

The polymorphonuclear leucocytes are the chief phagocytic cells
of the blood, being actively amceboid and endowed with the power
of ingesting bacteria or other small objects. They are formed in
the bone-marrow, and constitute in health from 60 to 75 per cent.
of all the leucocytes.

2. The eosinophile leucocytes are about as large as the foregoing,
and have a bilobed or polymorphous nucleus. Their cytoplasm is
packed with coarse granules which stain pink with Leishman’s stain.

The eosinophiles form 1 to 1% or 2, sometimes 3, but certainly not
more than 4 per cent. of the leucocytes of normal blood. They also
are probably mostly derived from the bone-marrow; they are feebly
motile, and their functions are not definitely known.

3. The basophiles (or mast-cells) have lobed, pale-staining nuclei
and a hyaline cytoplasm in which are imbedded a number of granules
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staining blue-black with Leishman’s stain. They are present in very
small proportions (less than 4 per cent.) in normal blood, nor are they
ever increased in any pathological condition except myelogenous
leukaemia, in which they may share in the increase shown by the
other cells arising from the bone-marrow. Their function is quite
unknown.

4. The lymphoeytes (Plate IV., Figs. 5 and 6) contain azurophil
granules, which are much less numerous and more scattered than the
granules of the three foregoing types of leucocyte; and their nucleiare
not polymorphous. They vary in size, but the majority are rather
smaller than the red corpuscles. The small lymphocyte has a single
circular or slightly indented nucleus which is situated centrally and
which stains very deeply; this is surrounded by a narrow zone of
protoplasm, which stains a blue colour. The larger lymphocytes
have more abundant protoplasm, and are probably younger, %.e.
less mature, cells of the same series, all intermediate sizes between
the two varieties being found.

Lymphocytes constitute some 20 to 25 per cent. of the leucocytes in
health. In children the proportion may be much higher, the poly-
morphs being correspondingly reduced. They are formed in the
lymphatic glands, spleen, Peyer’s patches, and lymph-adenoid
tissue generally. They are usually present in large numbers in
chronic inflammatory lesions, but their function is unknown; they
are sluggishly amceboid, but appear to have no power of phago-
cytosis.

5. The large hyaline mononuclear cells vary in size, but as a rule
are decidedly larger than the red corpuscles. In dried films, they
have a single circular, oval, or indented nucleus, which is smaller
relatively to the cell than the nucleus of the lymphocyte, and stains
much less intensely, so that a reticular structure can be made out.
The protoplasm stains a pale purplish-blue. It is devoid of granules,
but often shows bluish points, which are really nodal thickenings of
the reticulum. These cells form 1 to 3 per cent. of the leucocytes of
normal blood, and have considerable powers of phagocytosis, being
concerned especially in the ingestion of degenerated or dead cells,
parasitic cells, pigment, and remains of tissue, and also—but to a
lesser degree than the polymorphs—in the phagocytosis of bacteria.
They are actively amaeboid, and when watched on the warm stage,
not only the cell-body, but the nucleus itself may be seen actively
changing its contour and position in the cell. They are probably
endothelial cells which have become detached from any of the posi-
tions where endothelial cells may be found—the walls of blood-
vessels, lymph channels and spaces, serous membranes, and the
reticulo-endothelial system generally.

An increase of the total leucocytes present in the blood is termed
leucocytosis. Under most circumstances this mainly affects the
polymorphonuclears, but sometimes there is an increase of the
eosinophiles, called eosinophilia, or of the lymphocytes, termed
lymphocytosis. A diminution of the leucocytes is termed leucopenia.

4
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Leucooytosis occurs under physiological conditions during diges-
tion, during pregnancy, and in the new-born infant. This has to
be remembered in interpreting leucocyte-counts in disease; and, in
order to avoid misleading results, the blood should when possible
be collected whilst the patient is fasting.

Pathological leucocytosis occurs in many conditions, for example
after severe hamorrhage, and in cachectic conditions, especially in
that due to malignant disease. In these cases it is almost always
due to a local inflammation excited by the new growth, and is
rarely of diagnostic value. More important is its occurrence in the
majority of the infective diseases, and in these the highest counts
are met with in pneumonia and in suppuration. Its occurrence in the
latter is of special importance to the surgeon, as the presence of a high
leucocytosis may be regarded as the most definite single sign of the
presence of pus. It is especially valuable in appendicitis, where the
other evidences of suppuration are often equivocal. When no pus
is present, the blood shows slight leucocytosis, the number not
usually exceeding 15,000 per cubic millimetre. When pus is present
the number is much greater, being usually not less than 18,000, and
it may rise as high as 50,000 or even higher. For practical purposes
a count of 20,000 leucocytes per cubic millimetre may be taken as an
almost certain proof of suppuration, presuming, of course, that the
other causes of leucocytosis can be excluded. Figures between
15,000 and 20,000 may not be absolutely conclusive of the presence
of suppuration, and where they are obtained it is advisable to
repeat the examination in twenty-four hours or less. If suppura-
tion is taking place, the count will almost certainly rise, whilst if
it remains at the same level, or shows a decline, the presence of
pus is less likely. The height of the leucocytosis gives no indication
of the size of the abscess or of the rapidity of its spread.

The opening of the abscess is usually followed by a fall in the
number of leucocytes, and this is so rapid as to be quite definite
in the course of twelve hours. When it does not take place, the
probability is that a second abscess is present, which was overlooked
at the time of the operation.

Aleucocytosis and Leucopenia.—The absence of leucocytosis is
presumptive evidence that suppuration has not occurred, but
several facts have to be considered in applying this rule in actual
practice:

I. The cause of the leucocytosis is the passage of the bacterial
products from the inflammatory focus to the blood-stream, where
they exert a positively chemiotactic action, attracting the leucocytes
from the bone-marrow, whilst at the same time they stimulate the
latter to an increased production of leucocytes. As long as the
abscess remains unopened and is spreading, these substances gain
access to the blood-stream with ease, for it is the only path available
to them. But when the abscess is opened so that the pus laden with
bacterial toxins can drain away, the leucocytosis falls, even although
the abscess may burrow for a time.
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2. When the pyogenic bacteria have been killed, the toxins are
soon carried away in the blood-stream and eliminated from the
body, and when this has happened the leucocytosis falls, although
there is still a collection of pus in the tissues. In other words, a high
leucocytosis is to be regarded as a proof of the active process of sup-
puration rather than as a proof of the presence of pus. For example,
sterile collections of unabsorbed pus often occur in cases of pyo-
salpinx of some standing, and are unaccompanied by leucocytosis,
although acute suppuration in the Fallopian tubes causes the usual
reaction.

3. When the organisms are very virulent and the patient of feeble
constitution, so that the infection rapidly spreads, there is occasion-
ally a failure of leucocytosis or even a leucopenia. This is notably
so ih severe cases of diffuse septic peritonitis. The general leuco-
cytosis (as well as the local emigration of leucocytes) must be
regarded as a conservative and defensive reaction, and indicates that
the patient has sufficient resisting powers to combat the infection,
or at least to limit it for a time; its absence in a case where there is
suppuration renders the prognosis unusually bad.

4. Leucocytosis does not occur in cases of chronic tuberculous or
cold abscess. The products formed by the bacteria which produce
these lesions have no positive chemiotactic action on the polymorph
leucocytes. The cells found in the local lesions are mostly lympho-
cytes. Hence, even when the toxins of these organisms enter the
blood, they fail to attract the polymorph leucocytes from the
marrow. We might reasonably expect that an increase in the
lymphocytes would occur; but these cells are not actively motile like
the polymorphs, and do not so readily respond to chemiotactic
influences.

Pre-existing and coincident disease and degeneration of the bone-
marrow, due especially to syphilis and chronic alcoholism, may
lessen or prevent the necessary leucoblastic reaction, and the
occurrence of leucocytosis. The usually rapidly fatal pneumonia
with leucopenia, not infrequently seen in alcoholic subjects, can thus
be explained.

The relations of some of the other infective diseases to the
leucocytes may be briefly epitomized. In erysipelas, diphtheria,
scarlet fever, and plague there is a high leucocytosis, the number
rarely falling below 20,000. In rheumatic fever (uncomplicated),
syphilis, and gonorrhcea there is usually a slight rise; in tuber-
culosis, typhoid and the paratyphoid fevers, uncomplicated in-
fluenza, measles, mumps, and malaria there is usually no excess,
and often a diminution, in the number of leucocytes, as also in
¢ glandular fever,” whooping cough, and small-pox, which are, how-
ever, characterized by the occurrence of a lymphocytosis.

Lymphoeytosis, or an increase of the lymphocytes, may be
absolute or relative. A relative increase (i.e. such that the per-
centage of these cells in the adult rises above 35, although the total
number of the leucocytes does not exceed the normal) occurs in
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tuberculosis and the other diseases mentioned above as giving no
leucocytosis. - A great excess of ‘lymphocytes’ (100,000 to 260,000
or even more per cubic millimetre) occurs in lymphatic leukemia,*
and constitu{gs an important means of diagnosis between this
condition and Hodgkin’s disease, in which the leucocytes are normal
or but slightly increased. Children’s blood contains a larger pro-
portion &f tymphocytes than that of the adult, e.g. about 60 per cent.
until about the fourth year, after which the lymphocytes gradually
diminish in numbers, reaching adult proportions about the twelfth
year; and in inflammatory diseases of children the increasc in the
total leucocytes may be due partly to an excess of lymphocytes, and
not only of the polymorphs, as in the adult. This is especially the
case if the lymph-glands are involved in the inflammatory process.

Eosinophilia, i.¢. a relative increase of the eosinophiles, occurs in
several conditions, most of which appear to be due to the action of
some ‘ foreign ’ protein: (1) In infection with various animal parasites,
e.g. in the intestine or elsewhere, and especially in trichiniasis, where
the proportion may be 60 per cent. or more. They are sometimes
increased in hydatid disease; in doubtful cases this fact has some
diagnostic value, but a count in which there is no increase is of little
importance. (2) In some skin-diseases, especially when a large area
of skin is involved; (3) in anaphylactic conditions, including serum-
disease and asthma; (4) in some cases of Hodgkin’s disease; and
(5) in myelogenous leuk@mia. In many infective and inflammatory
conditions, on the other hand, they may be diminished in, or even
absent from, the peripheral circulation, though they may often in
such cases accumulate in and around the local lesions in large
numbers.

Blood-Platelets.—These arc minute bodies about z to 3p in
diameter, and staining purplish with Leishman’s stain. They are
formed in the bone-marrow, and are normally present to the cxtent
of 200,000 to 300,000 per c.mm. They show a very great tendency
to agglutinate in clumps as soon as the blood leaves the vessels.
They are concerned in the process of clotting and thrombosis, and
are found in very much diminished numbers (thrombocytopenia) in
hemophilia, scurvy, and some forms of purpura, and in pernicious
an@mia.

The Examination of the Blood for Parasites (including bacteria) is
often necessary. It may be carried out by microscopical examina-
tions of fresh blood or blood-films, or by cultures; the method to
be selected must depend upon the organism sought.

The diagnosis of malaria is effected by examining a wet film
of fresh blood in a vaselin-ring preparation, or by the exainination of
dried films stained by Leishman’s method. For descriptions of these
and other protozoal parasites and their life-history the reader is
referred to special treatises.

* For the discussion of the nature of the cells in lymphatic leukzmia, see
textbooks of Pathology and Hematology.
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Relapsing fever is due to a corkscrew-like orgagism (Treponema
or Spirocheta obermeieri—or Borrelia recurrentis—ot Sgirillum ober-
meiert), which is about two or three times as long’as the diameter
of a red corpuscle. It may be demonstrated by the%ntthods used
for the malaria parasite, and in fresh specimens is as a rule actively
motile. )

The diagnosis of filariasis is best made by cxamining with a low-
power lens thick layers of fresh blood taken at night, if F. nocturna
is suspected; in the daytime, in the case of F. dwurna; and at any
time if F. perstans is sought.

For the demonstration of bacteriain the blood, eultural methods are
almost always necessary, for their numbers are usually so small that
the chance of finding even a single organism in a stained blood-film
is remote. After thorough sterilization of the skin, preferably with
1:500 biniodide spirit, the blood must be withdrawn directly from
a vein, either with a sterile syringe, or run through a puncture-
needle and a short length of narrow rubber tubing, into flasks or
bottles containing several hundred c.c. of suitable nutrient broth.
At least 5 or 10 c.c. of blood should be so added to the culture-medium
at the bedside, immediate dilution with a sufficient quantity of the
nutrient fluid being essential to success. The flasks are placed in the
incubator after inoculation and subcultures made from them at inter-
vals upon a series of suitable media, and both these and the primary
cultures examined daily up to at least five days. It is worse than
useless to attempt to make a bacteriological examination of blood
obtained from a skin puncture, however carefully the skin may have
been sterilized; or from blood which has been allowed to clot or
which has been kept any length of time before addition to the culture
fluid.

In septiceemia, py@mia, ulcerative endocarditis, and other diseases
due to bacteria, the organisms may be present only intermit-
tently in the blood, and so may or may not be successfully grown
from such cases. A positive result is most likely to be obtained
in severe cases, especially when the blood is collected during a rigor.
It is of serious import, although such cases arc by no means neces-
sarily fatal.  Cultures in which staphylococci are the only organisms
to develop must be interpreted with caution, as being possibly due
to accidental contamination. A single negative result is usually of
little value in diagnosis, and the cultural examination may require
to be repeated several times.

Blood-culture is a most valuable means of diagnosis of typhoid
and paratyphoid fevers, in which the organisms can nearly always
be isolated from the blood during the first week of the disease.
They usually disappear from the blood during the second week,
when, however, the agglutination reaction (p. 19) may become
positive.
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Transfusion of Blood.

Transfusion of blood has often been adopted in the past, but with
so little success and with so many mishaps that it was laid aside in
favour of infusion of saline solution. It is not to be wondered at
that, in the absence of tests as to compatibility, failure and disaster
frequently followed. The modern methods of blood grouping and
matching have, however, now rendered transfusion comparatively
safe.

In cases of serious heemorrhage, transfusion may be employed with
great benefit, as also in grave shock, but in the latter condition the
problem as to whether blood or a solution of gum is the better
has not yet been definitely settled (p. 283). Transfusion is also
valuable in chronic conditions where much destruction of blood
has taken place, e.g. in septic lesions with severe secondary anzmia,
in pernicious an®mia, and in certain diseases of the spleen. In
some cases it is desirable to treat the patient for some time previously
by repeated transfusion of blood before attempting serious operations.

The chief causes of failure in the past lay in the non-recogni-
tion of the fact that the blood of one individual may be incom-
patible with that of another, and before transfusion is undertaken
careful tests must be made to determine this point. The incom-
patibility may arise in two directions: (1) the red corpuscles of the
donor may be agglutinated by substances in the plasma of the
recipient; and (2) such agglutination may or may not be followed
by active ha@molysis, the corpuscles being dissolved with a resultant
h@moglobinuria. Hamolysis is always preceded by agglutination,
but does not invariably follow the injection of an incompatible blood;
the result depends on the degree of incompatibility. It is only neces-
sary, therefore, to test whether agglutination occurs when the donor’s
corpuscles are brought into contact with the recipient’s plasma.

It has been found that all individuals fall into four main groups*
as regards agglutination and hwmolysis; this is shown in the table
given on p. 55. It is probable that there may be sub-groups
of these, and further research is still required upon this important
subject—as occasional accidents have occurred even when the
donor’s group appeared to be suitable. The sera used for the
grouping must be tested from time to time to prove that they are
still active.

It will be seen from the table that individuals in Group I. can
receive blood from any other group, and so may be looked on
as universal recipients, whereas individuals in Group IV. are to be
looked on as universal donors causing no agglutination with re-
cipients of any other class, but they can only receive blood safely
from members of their own class. Donors of Group II. can only

* For a discussion of these and a proposed simplification of the terminology,
see two papers by S. C. Dyke, ‘ The Significance of Blood Groups,’ Lancet,
May 3, 1930, p. 977, and May 10, 1930, p. 1029
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give blood safely to individuals in Groups I. and II.; and those
of Group III. to recipients of Groups I. and III. It has been shown
that the plasma of the donor has generally no appreciable effect
upon the cells of the recipient. This has been ascribed () to rapid
dilution of the plasma of the donor in the vessels of the recipient,
or (b) to the presence of protective or anti-hemolytic properties
in the recipient’s plasma.

i CeLLs OoF DONOR. No. o
1;{58:1% Otf | — | Individuals
(4 ni. ).
'\‘Group 1. |Group II.Group IIL|Group IV.| ** Group:
Group I | O o o O I I =5 per cent.
Group II. , X o X o} II =41
Group IIL. | X X o 0 ML =12 ,
Group IV. ' X X X O JIV. =42
O=No agglutination. X =Agglutination.

The method of testing blood is simple. All that is necessary
is to secure known sera of Groups II. and III., which are obtained
with aseptic precautions and preserved by adding 1 per cent. of
chloroform in small drop bottles, or in sealed capillary tubes. A drop
of each is then placed at one end of a clean microscope slide, and
a small drop of blood is obtained from the person to be tested. This
is mixed well with each drop of serum, and in a few moments clumping
of the corpuscles, if it occurs, is rapidly visible and soon becomes well
marked. Hamolysis need not be specially tested for, as where
there is no agglutination it does not occur.

Even when stock typing sera are available, and the grouping of
donor’s and patient’s bloods apparently suitable, the patient’s serum
and the blood of the prospective donor should always be directly
tested. A few cubic centimetres of blood from the patient’s ear
or finger are collected and allowed to clot. A sufficient amount of
serum will be available at the end of ten or fifteen minutes. (Citrated
or oxalated plasma may be prepared if desired; such plasma is
equally efficient.) The test is then executed as above indicated.
Absence of agglutination indicates compatibility. In hospitals
where this procedure is likely to be required at all frequently, it is
wise to have certain individuals who may act as donors tested,
and their groups determined. A member of Group IV. is, of course,
always suitable as a donor. No transfusion should ever be under-
taken without the preliminary tests.

Methods of Transfusion.—The success of this procedure depends
not only on the right selection of cases for its employment and of
suitable donors, but also on the technique adopted so as to ensure
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that no harmful admixture of air or of clot shall be introduced into
the recipient’s vessels; it is also desirable that the vessels shall not
be harmed, so that if need be they can be employed again, and
that no unpleasant after-effects shall be produced. Many differing
types of procedure have been from time to time utilized, and the
fact that still others are being suggested proves that the final * best ’
is still to be found. The following are some of those hitherto
employed:

(x) Direct transfusion (artery to vein transfusion) has been used
with success, but inasmuch as it involves an operation of some
gravity on both patients, and there are no means of estimating the
exact amount of blood transferred, and that both vessels have to
be ligatured, it is not to be recommended.

(2) Kimpton’s tube (Fig. 15) was the apparatus most frequently
used at first. The interior of this is carefully and completely

So
/J

F16. 15.—KiMPTON’S TUBE FOR BLOOD TRANSFUSION.

coated with paraffin wax. The arms of the patient and donor
are prepared, and suitable veins are exposed. The open end of
the Kimpton bottle is inserted into the distal portion of the donor’s
vein, and 400 to 450 c.c. of blood are withdrawn. Without delay
the open end is then introduced into the patient’s vein, and the
transfusion completed with the aid of positive pressure made through
the upper side tube. The great drawback is the risk of clotting in
the cannula or at the bottom of the tube, so that the method is never
absolutely certain of success even in the hands of an expert; more-
over, both the vessels employed have to be ligatured.

(3) The technique now much employed is that known as the
Citrate Method, and it is one of the best and simplest. The apparatus
known as Robertson’s bottle or flask (Keynes’ modification*), which
can easily be fitted up in any laboratory, is used; 2 grammes of
sodium citrate are dissolved in 100 c.c. of recently distilled water,
and placed in the 1,000 c.c. flask (Fig. 16), the neck of which is

* ‘Blood Transfusion,” by G. Keynes. Henry Frowde, London, 1922,
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plugged with cotton-wool. The side-arm of the flask is protected by
a little glass bulb containing cotton-wool, and to it a short length of
rubber tubing is affixed; the whole is sterilized in an autoclave.
After the preparation of the skin of the donor, a tourniquet is
applied above the elbow so as to impede the venous return without
interfering with the arterial supply; a blood-pressure apparatus
serves admirably for this. A few minims of novocain solution
(2 per cent.) may be introduced over the selected vein, and a small
incision made through the skin. A large bore necedle previously
sterilized in a long test-tube plugged with cotton-wool (Fig. 16)
is then inserted into the vein, and the blood allowed to flow
through rubber tubing into the flask. An assistant carefully
and thoroughly mixes the blood with the citrate solution by agita-

Fi1G. 16.—ROBERTSON’S FLASK AR- Fi1G. 17.—ARRANGEMENT OF

RANGED FOR RECEIVING BLOOD FROM ROBERTSON’S FLASK FOR AD-
Donor. MINISTERING MIXTURE OF BLoOD
For clearness the citrate solution has not AND CITRATE SOLUTION.

been represented. A shows test-tube
employed for sterilizing the needle.

tion, whilst the operator controls the needle in the vein. If only
200 or 300 c.c. of blood are required, a direct puncture through the
skin into the vein suffices, using a needle of 1 millimetre bore; in
cases of difficulty the vein must be completely exposed, and a
cannula employed.

The blood thus obtained and mixed with the citrate solution may
be kept, if desired, for scveral hours before injection, and introduced
into the circulation of the recipient when convenient. A delivery
tube (Fig. 17) is prepared, passing through a rubber cork carefully
fitted to the open end of the flask: also an air-lock or calcium
chloride tube of greater internal capacity than the delivery tube:
and a needle or cannula with a suitable length of rubber tubing;
these are all previously wrapped in lint and sterilized. The needle
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or cannula is connected by the rubber tubing with the barrel of the
air-lock; the whole is filled with sterile warm saline solution, so as
to displace all air, and the needle or cannula is then inserted into
a suitable vein with the usual aseptic precautions. As soon as it
is seen that the saline is flowing freely the tube is pinched, the
barrel of the air-lock is again filled with saline, and it is attached
to the delivery tube, which has been placed in the flask, to the side-
arm of which is attached a rubber blowing-ball (Fig. 17). The clip
or constriction is then removed from the rubber tubing, and by
compression of the blowing-ball the citrated blood is forced over
into the vein of the recipient. Inasmuch as the capacity of the
delivery tube is less than that of the air-lock, there is no risk of the
air contained in the delivery tube being forced into the vein.
Anythinrg up to 1,000 c.c. of blood can easily be given by this
method; the maximum amount usually introduced at one time is
700 to 800 c.c. When smaller amounts are required, the quantity
of citrate can be correspondingly reduced.

(4) Keynes’ method has been still further modified by P. C.
Gibson,* the citrate solution being added gradually from another
flask as the blood is withdrawn and meeting it in the tubing close
to the needle in the donor’s vein, the withdrawal being facili-
tated by negative pressure in the reception-flask produced by an
air-pump.

(5) In actual practice it has been found that in many cases
unpleasant after-effects, such as fever, rigors, and malaise, have
been experienced when the citrate method is employed, and these
are, it is alleged, due to the presence of the citrate. To obviate
this, and yet to be able to retain the advantage of the citrate method
in not having to employ the blood immediately, but after the delay
of a few hours, if desirable, the plan of employing defibrinated blood
has been recommended and has proved of real worth.t The blood
is withdrawn from a vein through a cannula and tube and collected
in a jar, in which, by constant shaking so as to swish the blood
around a glass rod incorporated in the apparatus, both during the
removal and for some six minutes after, the whole of the fibrin can
be removed as a clot upon the rod, and that without entangling
the red cells which it is so desirable to transfer to the recipient.
The blood, thus defibrinated, is either immediately, or after an
interval of a few hours, injected into the recipient’s vein through
a glass tube, with a small glass-wool filter interposed so as to catch
any stray fragment of fibrin that may be present. A syringe with
a two-way tap is employed for this purpose. It is claimed that
an entire freedom from unpleasant after-phenomena is secured by
this means.

(6) It is possible that the employment of the two-way syringe

* ‘The Technique of Blood Transfusion,” by Paul C. Gibson, Lancet,
August 21, 1926, p. 375.

t See Colebrook and Storer, * On Immuno-transfusion,’ Lancet, December 29,
1923.
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referred to above, as originally recommended by Joubet,* may
prove to be the most desirable method of transfusion; attached
to either side of the syringe by rubber tubes are two needles which
are inserted respectively into the veins of donor and recipient.
The syringe sucks up blood from the donor, and by turning the
grooved piston round to a second position, the down-stroke of the
syringe drives it directly into the vein of the recipient, and this act is
repeated as often as is necessary. The reports given of this procedure
are very satisfactory.

* See ‘A Simplified Method of Arm-to-Arm Blood Transfusion,” by
E. . Skinner, Brit. Med. Jour., March 24, 1928, p. 492.



CHAPTER 1IV.

' NON-SPECIFIC* PYOGENIC INFECTIONS AND INFECTED
WOUNDS.

Revisep By W, E. CARNEGIE DICKSON, M.D,, B.Sc., F.R.CP.E

IN this chapter we propose to deal with a series of affections assoc-
iated with or allied to suppuration, and due to non-specific bacteria.
These organisms, usually termed pyogenie, cause an inflammatory
reaction in the tissues, which sooner or later is associated with
liquefaction of both tissue and exudate, the liquefied material being
known as pus, and the process which leads to its formation as sup-
puration. Any localized collection of pus in the tissues is known as
an abscess, and this may be acute or chronic, the latter being un-
common. Sometimes the infection involves the cellular tissue of
a part in a more or less diffuse manner, the pus burrowing widely;
this condition is termed cellulitis. Constitutional phenomena are
associated with these local manifestations, and may be of two
types: (4) When toxic products alone are absorbed, resulting in
toxeemia or some modification of the same; (4) and when the bacteria
invade the blood-stream and become disseminated to distant parts,
thereby giving rise to either septicsemia or pysemia.

Bacteriology.—The following are the more important pyogenic
bacteria :

1. Staphylococcus pyogenes (Plate 1., Fig. 1) is perhaps the
commonest organism of acute localized suppuration, especially in
connection with the skin and subcutaneous tissues. It 1s a coccus
of medium size which occurs in the pus in characteristic clusters,
which have been compared to bunches of grapes. It stains by
Gram'’s method, and liqueties gelatin or solidified blood-serum, as it
produces a powerful peptonizing enzyme, and is readily cultivated
on almost all media; it grows best when an abundant supply of
oxygen is present, and on blood-agar it is actively hamolytic, the
colonies becoming surrounded by a characteristic clear zone.

Cultures on solid media develop rapidly, and the colonies spread,
the surface being soon covered by a uniform thickish film of growth.
This may be orange-yellow, lemon-yellow, or white in colour, and
three varieties—Staphylococcus pyogenes aureus, citreus, and albus
—are described.

Staphylococci are very widely distributed, being common in air,
dust, etc. They are constantly found in or on the human skin,
and suppurative inflammations of it and of the subcutaneous tissue

* For the significance of the term non-specific, see p. 10.
60
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are generally due to them; when the inflammation is caused by
other organisms in the first instance, a secondary infection with
staphylococci almost always takes place later. Impetigo con-
tagiosa, a disease due primarily to streptococci, may be taken as
one example of this, and the vesicles of small-pox and vaccinia as
another, for in each case a secondary staphylococcal invasion takes
place. The chief skin lesions due to staphylococci are abscesses,
boils, carbuncles, pustular acne, etc. In some cases diffuse spreading
cellulitis may be produced by them, but this is unusual. Deep-
scated suppuration, such as osteomyelitis, perinephric abscess,
empyema, etc., may also be due to staphylococci; in fact, they may
cause suppuration in any part of the body. Lastly, staphylococcal
septicemia, pyemia, and ulcerative endocarditis occur, but are
less common than the forms due to streptococci, and the prognosis
appears to be slightly less grave.

Many cases of post-operative suppuration in which the antiseptic
or aseptic precautions have failed are due to staphylococci, either
alone or in admixture with other organisms.

2. Streptococci (Plate 1., Fig: 2).—For a long time after the dis-
covery that cocci growing in chains were associated with severe
spreading infections, all organisms of this type were grouped together
under the name Streptococcus pyogenes. It was gradually recognized,
however, that some of these organisms were more virulent than
others, and that immune bodies, such as bactericidal sera, which were
active in certain cases of disease were useless in others. It is obvious,
therefore, that different strains of streptococci of varying pathogenic
power exist. This is due in part to the fact that streptococci forma
heterogeneous group containing numerous different types or species,
but it is also recognized and can easily be proved experimentally
that the same strain of streptococcus may at different times show all
degrees of pathogenicity, and may, e.g. on passage through a series
of susceptible persons or animals, become progressively more and
more highly virulent, as the surgecon and pathologist sometimes
learn to their cost when they prick or cut their fingers whilst operating
upon cases of streptococcal infection; whereas, on the other hand,
such virulence may be diminished or may practically vanish when
the organism is passed through a succession of subcultures outside
the body.

An enormous amount of work has been done upon the classification
of streptococci, but final agreement has not yet been reached upon
this important subject. One of the most valuable differential tests
is the capacity of the organism to produce ha&molysis % vitro, e.g. upon
fresh blood-agar, and in a suitable nutrient broth-medium to which
fresh red blood-corpuscles have been added. In this connection,
it should, however, be noted that such h@molysis by any organism
in vitro should not be regarded as an index or criterion of its patho-
genicity, and that not only certain pathogenic streptococci, but also
staphylococci, sarcine, and even many non-pathogenic bacteria,
may produce it. The fermentation of certain sugars and other
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substances has also been utilized for the differentiation of strepto-
cocci.

Of the many classifications which have been suggested, perhaps
the simplest and most convenient (but by no means complete or
final) scheme is that of Holman, whose uses first the test of hemolysis
to divide streptococci into two main sub-groups, heemolytic and non-
heemolytic. He then divides each of these sub-groups into eight
species, 4.e. sixteen in all, according to their fermentation-reactions
with lactose, mannite, and salicin in Hiss’s serum-broth medium,
as set out in detail in the annexed table.

HOLMAN'’S TABLE OF DIFFERENTIATION OF STREPTOCOCCI:
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Salicin: Salicin: Salicin: Salicin: Salicin: Salicin: Sal&cin: Salicin:
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‘+ ’and ‘-’ in relation to sugars indicate Acid-Production and No Acid-
Production respectively.
Hamolytic Reaction.......... in Fresh Human Red-Cell Agar.
Sugar Reactions.............. in Serum-Water Media.

Of the hamolytic streptococci, Streptococcus pyogenes is the com-
monest and most important. Closely allied to or possibly identical
with it is the streptococcus of erysipelas. The serological classifica-
tion of streptococci by specific agglutinating sera and absorption
tests is too complex and uncertain a proceeding for ordinary clinical
use, but it may be mentioned that Mervyn Gordon recognizes three
main serological types of hemolytic streptococci:

I. Streptococcus pyogenes, the most numerous.
II. A rare type.
II1. Streptococcus scarlatine. (For a detailed account of this
important organism, see textbooks of bacteriology.)
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The S. facalis is probably a group of closely allied species. It is
a normal inhabitant of the intestine, and occurs very commonly in
wounds contaminated with feecal material, and is usually an organism
of comparatively feeble virulence. One member of the group, the
Enterococcus, is characterized especially by its variable shape,
oval or even pseudo-bacillary forms being common; the latter are
often arranged in a typical ‘ saddle-bag’ shape. It is a resistant
organism, being much less easily killed by antiseptics, heat, etc.,
than most other varieties of streptococci. The Micrococcus or
Streptococcus rheumaticus, described by Poynton and Paine, Beattie,
and others, is probably a member of this group.

Streptococci grow in longer or shorter chains; but any classification
according to length of chain is of little value, as this may vary not
merely with the type under investigation, but also with the culture-
medium. Streptococci retain the stain with Gram’s method, and do
not grow so luxuriantly as staphylococci on artificial media; the
colonies are small and translucent; they form no peptonizing
enzyme, and therefore do not liquefy gelatin.

The lesions produced by streptococci depend upon the virulence
of the organism and the varying susceptibility or resistance of the
patient. They may produce localized abscesses, or spreading forms
of suppuration, such as erysipelas and cellulitis, lymphangitis, lymph-
adenitis, meningitis, etc.; whilst still more fatal streptococcal affec-
tions are septiczmia and py®mia, including puerperal fever and
ulcerative endocarditis. Non-hemolytic varieties of streptococci
may produce lesions which tend to be less acute than the foregoing,
e.g. tonsillitis, infections of nasal sinuses, the middle ear, tooth-
sockets, gall-bladder, appendix, renal pelvis, etc.; and such focal
infections are not infrequently found in cases of rheumatism and its
complications, including endocarditis.

3. The Pneumococcus (Plate 1., Fig. 4) is practically always present
as a normal inhabitant of the mouth. It is generally the cause of
acute lobar pneumonia, and the accompanying pleurisy. It is a
diplococcus, the individual cocci having usually an oval or lancet
shape. When it occurs in pus or other animal fluids, it is surrounded
by a clear capsule. It may be differentiated from the majority of
tl.e streptococci by its fermentation of inulin, and, unlike the strepto-
cocci, it is soluble in bile or a solution of sodium taurocholate. Four
main serological types are described, of which Types I. and II. are
found especially in epidemics of acute lobar pneumonia, infections with
the former, i.e. Type 1., but not the others, being often benefited by
the use of its homologous serum. The pneumococcus is found in many
suppurative conditions connected with the lungs, especially empyema,
and often as a secondary infection in other lesions of the lung; thus,
in the walls of a tuberculous cavity suppuration is very frequently
due to pneumococci alone or in conjunction with other organisms.
It is a common cause of middle-ear disease, and of its cranial or intra-
cranial complications. . Pneumococci also cause arthritis, which
may or may not result in suppuration; it may follow an attack of
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pneumonia. Peritonitis also may be due to this organism, especially
in young children, and may be primary, or secondary to some pul-
monary lesion. The pneumococcus sometimes enters the blood and
causes septicemia, with or without ulcerative endocarditis.

4. Bacillus coli (Plate IV., Fig. 4) occurs in great numbers in the
contents of the healthy intestine. It is a short motile bacillus which
does not form spores, and is not stained by Gram’s method. It grows
best in presence of oxygen, but is a facultative anaérobe; no pep-
tonizing enzyme is produced, so that gelatin is not liquefied. It is
distinguished from the typhoid-paratyphoid-dysentery group by
its action on various sugars, especially by its fermentation of lactose,
the latter group being non-lactose-fermenters. These bacteria are
members of a large and important group of micro-organisms,
which have a close morphological resemblance to one another,
but differ in their chemical and serological reactions.

Under normal conditions the bacilli of the B. coli group, which
occur in the intestinal contents, are not very virulent, but when any
pathological condition arises in the gut and its resistance is lowered
—e.g., strangulation, ulceration, perforation, etc.—active invasion
of the tissues may follow, and may lead to appendicitis, acute peri-
tonitis, etc., any pus so formed having usually a fecal odour.
These organisms can also ascend the bile-ducts, and give rise to
cholecystitis and cholangitis. B. col? is one of the commonest causes
of pyelitis and pyelocystitis, in which it is frequently associated with
streptococci.

5. Bacillus typhosus or its relatives of the paratyphoid group
sometimes cause abscesses, especially in connection with the bones
or joints, after an attack of the specific fever. In some cases the
organisms may lie latent for years before suppuration occurs. It
has also been proved that some persons continue to excrete these
bacilli in the urine or feces for many years after such attack; in the
latter instance, the gall-bladder has sometimes been the infected
focus. These typhoid and paratyphoid °carriers,” as they are
termed, may at any time initiate an epidemic of the disease.

6. Bacillus pyocyaneus is occasionally a cause of suppuration,
e.g. in the middle ear, or in gunshot wounds, etc. The pus produced
by it turns bluish-green when collected on dressings and exposed to
the air. The discharge is often abundant, and has a characteristic
musty smell. The infection is not as a rule of grave import, and is
controllable by suitable drainage and antiseptics without much
difficulty. This organism, however, sometimes gives rise to a general
infection somewhat resembling typhoid fever, and it may then be
found in the blood, feces, and urine.

7. The Gonococcus (see p. 151).

Many cases of suppuration are due to a mixed infection with two
or more of the species of bacteria enumerated above, or with some
of the anaérobes described elsewhere. In other instances an abscess
formed by the action of one of the pyogenic bacteria may be subse-
quently infected with simple saprophytes which have the power of
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growing in dead pus, but cannot invade the living tissues. This is
especially liable to occur in a large abscess when the drainage is in-
sufficient, and the dressing is not performed with sufficient care.
Such an accident should be studiously avoided, for lesions due to a
mixed infection heal with difficulty, the tissues appearing more
easily to acquire immunity against a single variety of organism than
against two or more at the same time. The fact that a wound is
already infected is no reason for neglecting to treat it with the fullest
aseptic precautions.

I. Acute Abscess.

Htiology.— (@) It may be taken as established that suppuration
as met with in surgical practice is almost always due to the action of
bacteria, though occasionally it may follow upon the intramuscular
or other injection of certain medicaments. In some more or less
quiescent abscesses, however, notably in the liver, and in pyosalpinx,
no organisms can be found in the pus on microscopical or cultural
examination, owing to their having been already destroyed and
eliminated.

(6) Bacteria can reach the area which becomes inflamed either
from without the body or from within. The Staphylococcus pyogenes
is commonly present in the skin, and often on instruments, dressings,
etc., and it is to infection from outside sources that most cases of
post-operative suppuration are due. Suppuration and abscess-
formation is particularly liable to occur in lymphatic glands, from
the spread of infection in their drainage areas, e.g. in the axillary
glands, from the fingers, etc., or in the cervical glands from the
tonsils, teeth, etc.

In some cases, however, bacteria gain access to the tissues from
the blood; thus a deep lesion (such as a ruptured muscle or ligament)
may result in suppuration, although the skin over it is unbroken,
and the intervening tissues are apparently healthy. Here we must
assume the existence of auto-infection (p. 7), the bacteria reaching
the blood from some pre-existing septic focus elsewhere, such as
infected gums, teeth, tonsils, nasal sinuses, intestine, especially the
appendix, etc.

In other cases abscesses may be due to organisms which have
lain latent in the tissues, it may be, for long periods. The possibility
of this, cspecially as a sequel of wounds of a ragged and irregular
shape which have been the scat of prolonged suppuration, has
already been mentioned (p. 7), and it is a factor that has to be
carefully considered in deciding the best time to perform secondary
plastic or other operations, e.g. on bones or nerves; usually it is wise
to wait for from three to six months, special attention being given
to the patient’'s general health beforehand. Bruising of the part
without breach of surface, or opening up the parts again by an
operation, or even serious depreciation of the general health without
any wound, may suffice to light up active suppuration once again.
Another example may be seen in the bone abscesses which sometimes

5
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develop months or years after an attack of typhoid fever, and are
due to the typhoid bacillus, though in this case we cannot always
exclude the possibility of a subsequent infection.

Abscesses of a very different nature occur in ulcerative endo-
carditis: and in py=zmia, where pyogenic bacteria are carried else-
where by the infected and breaking-down blood-clot in a thrombosed
vein implicated in some primary suppurative focus. These are
termed secondary embolic abscesses.

(c) Sterilized foreign bodies (e.g. silver wire or glass splinters) do
not produce suppuration, except, in the rarest of cases, by auto-
infection. Thus, a ragged splinter of glass, 1} inches long and
1} inches wide, the result of the bursting of a soda-water bottle,
was cut out of the neck of an hotel porter ten months after it had
entered; it was encapsuled and had caused no trouble. This fact
is constantly utilized in surgical practice; deep layers of the tissues
are brought together by carefully sterilized buried sutures, and
divided structures such as bones, ligaments, etc., can be approximated
and held in position by wire, screws, pegs, or other buried appliances,
which would cause serious trouble but for their complete sterilization.

Formation and Structure of an Acute Abscess.—The bacteria which
have gained access to the tissues multiply and produce toxins which
are diffused into the surrounding structures, giving rise to acute
inflammation; the vessels dilate, acceleration of the blood-stream
occurs, followed by retardation and thrombosis, and by migration
of leucocytes. More vigorous action of the toxins on the injured
tissues destroys their vitality, usually by a process of coagulation-
necrosis. A microscopical section through the lesion at this stage
will show two well-differentiated zones (Fig. 18): a central area in
which the tissues are dead, have lost their staining properties, and
contain the pyogenic bacteria: and a peripheral zone of acute in-
flammation, which fades gradually into the surrounding healthy
tissues. This inflamed zone is thickly infiltrated with leucocytes,
mainly of the polymorphonuclear variety, since the products of
pyogenic bacteria have special attractive (chemiotactic) powers over
this form of leucocyte.

The central necrotic mass which contains the bacteria is at this
stage still attached to the surrounding living tissues, and if the
lesion is incised it will appear as a slough, which can be removed
only with difficulty. But this condition soon changes; as a result
of increasing exudation, especially of plasma, the tension in the
inflammatory focus becomes so great that the cohesion of the tissues
around the central slough is destroyed, and a third zone—of poly-
morph leucocytes in fluid—is formed between it and the inflamed
outer zone.

The fate of the slough varies according to circumstances. It
may occasionally be recognized when an abscess is opened—e.g., as
the core of a boil—but in most cases it is absorbed by the leucocytes
or digested by the enzymes formed by many pyogenic bacteria and
by dead and disintegrating leucocytes. It may even happen that no
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definite slough is formed, the earliest effect of the bacteria being
to attract the leucocytes in vast numbers into inflamed but still living
tissues—a process of purulent infiltration rather than of abscess-
formation.

An abscess, then, consists of a collection of leucocytes suspended
in fluid and surrounded by a zone of inflamed tissue. The leucocytes,
disintegrated tissue, and fluid are collectively termed pus, and the
characteristic cells of the pus from an acute abscess are the poly-
morphonuclear leucocytes, then known as pus-cells. Many of these

Fi1G. 18.—FORMATION OF ABSCESS IN MUSCLE AT FORTY-EIGHT HOURs.

The pus-cells of the abscess are seen in the lower part, which also contains
some fragments of necrosed muscle. The band of muscle passing
diagonally across the figure, and the fatty areolar tissue above it, show
some inflammatory ccdema and 1nfiltration with leucocytes.

are dead, having been killed by the toxins (as can be seen from their
loss of motion when the pus is examined on a warm stage), and others
undergo various degenerative changes, especially fragmentation of
their nuclei. Some of them may contain bacteria.

At first the abscess may extend rapidly, but after a day or two
(in most cases) a certain amount of local immunity is produced, and
the abscess spreads more slowly. This is an indication of the fact
that the tissues, which were at first overwhelmed by the action of
the bacteria and their toxins, are now carrying on the contest on
more even terms. At this period the cavity becomes lined by
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granulation tissue (Fig. 19), which forms a thick, soft layer of
velvety appearance and bright pink colour. It is composed of large
numbers of loops of newly-formed bloodvessels embedded in a mass
of leucocytes and tissue-cells in a state of active proliferation. Its
appearance does not necessarily indicate that the abscess has entirely
ceased to spread, for the toxins may still be powerful enough to kill
the delicate newly-formed tissue; but in most cases it is the first
indication of repair and of the ultimate victory of the tissues.
Leucocytes continue to pass from these newly-formed thin-walled
vessels into the abscess cavity, being attracted chemiotactically by
the substances present in the pus; hence the layer of granulation tissue
appears to ‘secrete’ pus, and was formerly called a ‘ pyogenic mem-
brane.” Its formation was anxiously looked for in the days when
suppuration was considered essential in the healing of wounds,
since it opposes a barrier to the absorption of bacteria and their
toxins. Thus the formation of thick, creamy pus of a yellowish
colour was considered a sign that the patient was practically out of
danger of ‘ blood-poisoning,” and the pus was termed ‘ laudable.’

Abscesses may not spread equally in all directions, since certain
structures, especially bone and fascia, are more resistant than
cellular tissue or fat. The process of extension tends to continue
along the line of least resistance until the abscess points at some
surface, and finally bursts through the skin or into the alimentary
canal or other cavity. When the pus and the contained bacteria
and their toxins alike are able to escape externally, the erosive action
on the pyogenic membrane becomes less profound, and the contest
between the defensive powers of the tissues and the destructive
powers of the bacteria, in which the latter were at first victorious,
turns in favour of the tissues. The bacteria which remain are
attacked with greater effect by the leucocytes, and are gradually
removed; the supply of toxin diminishes; the inflammatory process
ceases, and finally organization of the granulation tissue com-
mences. This begins at the deepest part of the abscess cavity, the
walls being kept apart from onc another by the pus which is still
being formed, though in gradually diminishing quantity, and the
process is facilitated if efficient drainage is provided.

Occasionally the defensive powers of the body are sufficient to
kill off the bacteria after pus has been formed, and before it has
escaped. When this happens, the pus may become absorbed and
the cavity obliterated, or the fluid part only may undergo absorption,
and the leucocytes and débris (which undergo fatty degeneration)
remain as a cheesy, structureless mass. In either case the abscess
wall organizes into fibrous tissue, constituting a deep scar, in the
centre of which may be the inspissated pus. This rarely happens,
except in the abdomen, and then usually in connection with the
appendix, Fallopian tube, or liver. In a few cases bacteria may
become enclosed in the newly-formed connective tissue and remain
in a latent condition, but still capable of again becoming active on
suitable provocation.
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IF1G. 19 —RESOLVING ABSCESS AT IFOUR DaAvs.
Early vascularization and young granulation tissue .s seen above.

F1G. 20.—RESOLVING ABSCESS AT EIGHT DaAvs.

The central pus is undergoing absorption and is surrounded by a layer of
young fibroblasts. Compare with Fig. 19 above.
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The Clinical Signs and Symptoms of an acute abscess may be
described under three headings:

1. The local signs consist of a patch of inflamed tissue, indicated
by heat, pain, redness, and swelling—such swelling being at first
hard and brawny, but, when pus forms, the centre becomes soft and
elastic, whilst superficial cedema is more marked. The intensity of
the pain, which is throbbing in character, depends upon the density
of the tissue affected and the supply of sensory nerves to the part,
suppuration beneath a resisting' membrane, such as the palmar fascia,
being always intensely painful. Fluctuation is the most charac-
teristic sign of the presence of fluid; it is obtained by making firm
pressure with the finger or fingers of one hand on one part of the
swelling, whilst the fingers of the other hand placed on another part
receive.the impulse transmitted across the intervening space in the
form of a fluid wave. Some soft solids give a sensation of fluctua-
tion—e.g., lipomata and soft, rapidly-growing sarcomata; whilst,
on the contrary, it may be absent when the fluid is under great
tension, or surrounded by a thick wall, or widely diffused in such a
structure as the glandular tissue of the breast.

Sometimes, when the pus is small in quantity, all that can be
detected is a feeling of elastic resistance in the centre of the brawny
hyperzmic mass; but this, to the practised finger, is quite as con-
clusive of the presence of fluid as fluctuation. When the pus is
placed deeply under muscular and fascial planes, very careful
examination may be needed in order to determine its presence; the
surgeon must not be misled by the sense of fluctuation obtained
across the fibres of a muscle; none is noticed, however, by palpating
along the course of its fibres. Marked and increasing cedema is
frequently conclusive of the presence of deeply-seated pus—e.g., in
acute osteomyelitis and suppurating mastitis.

If left to itself, an abscess tends eventually to point and burst. As
it increases in size, it spreads along the line of least resistance, and so
may either find its way direct to the surface, or may burrow along
muscular and fascial planes, or into adjacent cavities. The actual
bursting of an abscess is often due to some injury—it may be a
slight one—usually preceded by superficial ulceration or necrosis.

2. Pressure effects are due mainly to the mechanical influence of
the swelling upon surrounding structures. The most evident are
those due to the irritation of nerves, as a result of which neuralgic
pain may be present, or the patient may refer the pain to some
distant unaffected region. In some cases, where large bloodvessels
traverse the suppurating focus, the tissues surrounding them may be
destroyed, leaving them exposed in the abscess cavity as bands.
Thrombosis and subsequent obliteration may result, especially in
the veins; or occasionally hezmorrhage follows, due to erosion of
the wall (suppurative periarteritis or periphlebitis), preceded perhaps
by dilatation of the vessel, owing to loss of its external support.

3. The general effects of the formation of an acute abscess of
sufficient severity are fever, sometimes amounting to a rigor, and
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leucoeytosis. A rigor consists of a definite series of phenomena,
due to stimulation of the thermogenic centres by an accumulation
of toxin in the blood. It is ushered in by a feeling of intense cold
and discomfort; the features are pinched, and the teeth chatter.
The skin, however, feels dry and hot, and the temperature of the
body rapidly rises. The sensation of cold is due partly to the
contact of the hot, dry, unperspiring skin with the relatively colder
external air, and also possibly to the condition of superficial anemia
which is present. After this stage has lasted a variable period, the
patient gradually begins to feel warmer; the face becomes flushed;
the temperature ceases to rise, and the skin commences to act.
Finally there is a rapid fall of temperature accompanied by profuse
perspiration, which probably assists in the elimination of the toxin,
but leaves the patient more or less exhausted. For leucocytosis and
its value in diagnosis, see p. 49.

Pus and its Constituents.—Pus is a thick, creamy fluid, having a
specific gravity of about 1030, an alkaline reaction, and containing
85 to go per cent. of water. If allowed tosettle, it separates into two
layers, an upper or fluid part, the liquor puris, which is usually
somewhat opalescent, and a deposit of a grayish- to slightly greenish-
yellow colour, which is usually more bulky than the fluid portion.
The liquor puris is derived from the plasma exuded from the vessels.
It may undergo coagulation after removal from the body, a soft
clot being formed. Frequently, however, this does not happen,
perhaps because it has already coagulated within the abscess, and the
resulting fibrinous network has been dissolved by peptonizing fer-
ments, or destroyed by the leucocytes. It consists chemically of an
albuminous fluid very similar to serum, but more dilute, and con-
tains bacterial toxins, enzymes, proteoses formed by the digestion
of proteins, etc. Sometimes (when the abscess involves a region
containing fat) a few globules of oil float on the surface or occur in
an emulsified form in the fluid.

The deposit consists in the main of polymorph leucocytes, most
of which, as has been already pointed out, are dead and degenerated,
whilst a few may still be living and capable of spontaneous move-
ment. In addition, there are nuclei and other fragments of cells
{rom the tissues, shreds of fibrous tissue, granular débris, and
bacteria. Red blood-corpuscles are often present.

Muco-pus is the discharge from inflamed mucous membranes;
it is sticky or glairy from the presence of mucus. Sero-pus is thin
and more liquid from an excess of serum; it is usually derived from
serous membranes. The term Sanious is sometimes applied to pus
which is thin, irritating, and perhaps tinged with blood. Blue or
bluish-green pus owes its colour to the presence of B. pyocyancus
(p. 64).

Occ)asionally an abscess contains not only pus, but also gas. This
may be due to the existence of direct communication with a hollow
viscus—e.g., the stomach or intestine—and hence is met with in
some cases of subphrenic abscess. In some of the many types of
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abscess associated with appendicitis the gas is due to the activity
of some member of the B. coli group, either alone or mixed with other
bacteria. In the limbs it is usually the result of infection with gas-
producing ana€robic organisms—e.g., the B. perfringens or B. cede-
matis maligni—and is associated with an acute spreading cellulitis or
gangrene; occasionally it develops in an abscess which is localized and
has no connection with the bowel, and is probably of pyzmic origin.

Treatment of Acute Abscess.—When an inflamed area is threaten-
ing to suppurate, the formation of pus can sometimes be prevented
by elevation and rest of the part, together with the application of
evaporating lotions and the administration of a dose of stock
staphylococcal or mixed staphylococcal and streptococcal vaccine.
Bier’s treatment by induced hyperemia may also be useful.

In a few regions of the body, pus may be absorbed after its formation,
but only when situated in a cavity of highly absorbing powers, such
as the anterior chamber of the eye (hypopyon) or the peritoneal cavity.

As a rule, however, one relieves pain and encourages suppuration
by applying fomentations (medicated with opium or belladonna) or
poultices to the part, and then, as soon as pus is present, an incision
is made to evacuate the abscess cavity. The opening must be large
enough to prevent re-accumulation: it should be placed at a spot
suitable for drainage, but as far as possible from sources of secondary
contamination, and in such a direction that movements of the part
do not close it. Where the opening is not dependent, it may be
desirable to make a counter-opening by pushing the finger or a
probe through the abscess wall amongst the tissues, making it pro-
trude beneath the skin at some dependent position, and cutting down
upon it in this direction. In dealing with deep abscesses in dangerous
regions, Hilton’s method may be advantageously employed. This
consists in dividing merely the skin and superficial structures and
then thrusting a pair of sinus or dressing forceps into the abscess
cavity. On separating the blades forcibly a sufficient opcning is
made to insert a finger, or a drainage-tube. Rigid aseptic pre-
cautions must be taken in opening abscesses, for, although bacteria
are present, it is most essential that no fresh organisms be admitted,
thereby giving rise to a mixed infection, the presence of which is
most unfavourable to rapid repair. When an abscess is evacuated,
it is always advisable to have the pus bacteriologically cxamined,
and an emulsion of the causal organisms reserved for the preparation
of an autogenous vaccine, which will thus be available, it necessary,
for the further treatment of the case, and for the prevention of
possible recurrences.

Any sloughs present should be removed, and, when the abscess
has burrowed, or if the cavity is large, it should be gently
explored, but adhesions or bands crossing it should not be
indiscriminately broken down, as they may contain large blood-
vessels. All that is subsequently needed is to arrange for drainage,
as by inserting a rubber or glass drainage-tube or a slip of rubber
or protective, and to prevent a mixed infection by a carefully
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applied antiseptic or aseptic dressing, or by packing the cavity
with gauze soaked in an iodoform emulsion (xo per cent.). There
is often a considerable loss of blood during the first twenty-four
hours from the capillaries in the abscess wall owing to the sudden
relief of tension ; but this usually ceases of itself, or yields to moderate
pressure. When once the abscess has been evacuated and drainage
provided, if external contamination (mixed infection) has been
avoided, the suppurative process should rapidly subside, the dis-
charge becoming serous, and the wound closing and healing, and this
in spite of the fact that bacteria are for a while present; they are
evidently unable to develop or do any harm as the result of a local
immunity. An abscess cavity which has contained foul or stinking
pus usually runs a healthy course if aseptic conditions are maintained,
e.g. if no communication with the bowel exists, the discharge becoming
free from smell in a few days. Infection with B. pyocyaneus is best
treated by the application of eusol (5 per cent.) fomentations changed
every four hours; they should be thick and of sufficient size. Deep
wounds or sinuses should be irrigated with hot eusol.

The persistent discharge of pus from an abscess which has been
opened means either that the opening is too small, or that pus is
pent up in an imperfectly draining loculus, or that a mixed infection
has occurred, or occasionally that the vital powers of the patient are so
deteriorated that it is difficult to establish healthy repair, or that the
part is not kept at rest. Free drainage, the improvement of the
general health, and keeping the affected part at rest are essential
elements in the successful treatment of an abscess. A small open-
ing must be enlarged; loculi must be drained, and, if need be, a
counter-opening made. Any foreign body or dead material, e.g. a
bony sequestrum, if present, requires removal. Debilitated patients
may sometimes need to be sent to the country or seaside before
healing will occur.

II. Chronic Abscess of Pyogenic Origin.

A chronic abscess may be defined as a collection of pus which
forms slowly and without any signs of active inflammation, so that
it is sometimes termed a ‘cold abscess.” Although the majority are
tuberculous in origin, a few are non-tuberculous and due to the
liquefaction of other granulomatous masses, to an infection with
pyogenic bacteria of low vitality, or to chronic pysmia. The clinical
phenomena are alike in the two types, and will be dealt with later
(p- 192), but there is one important distinction between them, in that
the lining membrane of the pyogenic variety is merely granulation
tissue more or less active, whilst in the tuberculous form it contains
living tubercle bacilli. Hence, whilst a simple incision under aseptic
precautions may be all that is required in the former, the latter also
needs treatment directed to its tuberculous origin.

Sinus and Fistula.—When an abscess, acute or chronic, has b<en
opened, and does not heal completely, a communication often
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persists between the original seat of the disease and the exterior,
which is known as a sinus or fistula. A Sinus is a narrow track lined
with granulations, penetrating into the tissues, open at one end
and closed at the other; the discharge may be purulent or merely
serous. A Figtula is an abnormal communication, congenital or
acquired, between two cavities, or between a cavity and the external
surface. When such conditions result from the non-closure of an
abscess of pyogenic origin, the walls consist of an external fibro-
cicatricial layer, and an inner lining of granulation tissue. Should
the abscess have been of tuberculous origin, the lining membrane will
also contain tubercles.

It is often a matter of difficulty to secure the healing of a sinus or
fistula, and the following are the main causes of their non-closure:
(x) The presence of some chronic irritant in the depths of the wound,
such as a piece of clothing, a catgut ligature, a piece of silk or the
silver wire used in an operation, or of some diseased tissues, such as
a fragment of dead or carious bone or, in the case of the jaws, a
septic fragment of broken tooth; (2) the irritation of discharges
finding an exit through the abnormal opening, such as urine, feces,
or feetid pus; (3) insufficient drainage of a deep cavity, so that there
is always a certain amount of tension in the wound; (4) want of rest
to the part, due either to voluntary movements, as in the limbs, or
to involuntary muscular action in the immediate neighbourhood, as
in fistula-in-ano; (5) tuberculous infection of the wall, or a tuber-
culous deposit at the bottom of the sinus, or an analogous actino-
mycotic or some similar infection; (6) the growth of epithelium down

-the sinus or round the margin of the fistula; (7) the presence around
the sinus of dense sclerosed fibrous tissue which prevents contraction ;
or (8) constitutional debility.

The orifice of a sinus often looks depressed from the amount of
infiltration around, but when the surrounding tissues are healthy,
puckering in of the orifice is a good sign; in cases where foreign
bodies are lodged within, or where diseased bone exists, it is usually
surrounded by prominent fungating granulations.

Treatment.—The removal of the cause should be the first aim
in dealing with a discharging sinus or fistula. Foreign bodies or
dead bone (if loose) must be removed, and diseased bones or tissues
suitably treated. Efficient drainage is provided by dilating or
incising the passage, or by providing a counter-opening in a depend-
ent position. The granulation lining may need to be scraped away,
and the raw surface disinfected by liquefied carbolic acid or sulphate
of zinc solution (40 grains to I ounce). Sometimes the cavity is
packed with gauze soaked in a hypertonic solution, such as glycerine
and iodoform emulsion or 5 per cent. saline solution, and the general
health is improved. Zinc ionization is sometimes useful. Rest to
the part is provided by bandaging or by a suitable splint. Oc-
casio:aally it is possible to excise the lesion completely and close the
wound.

Should a fistula have become lined with epithelium, the edges will
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require paring, and some form of plastic operation must be under-
taken to close the opening.

Sinuses often react well to vaccine treatment, and this is especially
the case with those left after empyemata, when one or more injections
of moderate doses of the causal organism will sometimes prove
efficacious. Tuberculous sinuses, such as may be left after

suppuration of glands in the neck, etc., are occasionally curable by
the use of tuberculin.

Results of Long-continued Suppuration.—In certain cases, even
though an abscess is treated antiseptically, and the formation of
pus has ceased, the wound may not heal for months, but the
discharge is merely serous, and, unless other organs and tissues
are involved (a tuberculous fistula-in-ano, for example, may be
secondary to tuberculous disease of the lung or intestine, or both,
from the swallowing of infected sputum), no constitutional results may
be manifested. The temperature remains normal, and the general
health unimpaired, if no other disease is present. Should a tuber-
culous abscess become infected with pyococci, or a mixed infection
occur in a pyococcal abscess, the discharge of pus continues or
reappears, and fever to a varying degree develops. When an exten-
sive or deep abscess is thus involved, the discharge may become
very profuse, high fever may supervene, grave visceral changes
may follow, and the patient may lose his life through tox®mia and
exhaustion. Long-continued suppuration is always an evidence of
persistent infection, and amongst the conditions which arise therefrom
may be mentioned hectic fever and waxy disease of the viscera.

Hectic Fever may be defined as a chronic toxamia due to the
continued absorption of small doses of toxins, and is met with in
any condition of chronic infection—e.g., after acute, or in chronic
suppurative affections of bones or joints, in tuberculous disease of
the lungs, where secondary mixed infection has occurred, and in
chronic syphilitic or cancerous ulceration. It is characterized by
a diurnal elevation of temperature (Fig. 21) during the afternoon or
evening, when the face becomes flushed (hectic flush of the cheeks),
the eyes are bright and sparkling, the pupils dilated, and the patient
feols better and stronger. The pulse, however, is small, compress-
ible, and ten or twenty beats quicker than it should be. This con-
dition continues till late in the night, by which time the temperature
may have risen four or five degrees. In the early morning it falls as
rapidly as it had formerly risen, and usually drops to the normal, or
even below it, and this is accompanied by a profuse perspiration,
which leaves the patient in a much exhausted condition. Day by day
this continues, the fever and sweating together causing rapid and
marked emaciation.

Wazxy, Amyloid, Albuminoid, or Lardaceous Disease of various
organs is a condition due to the deleterious effects of toxic compounds
circulating in the blood,* whereby the delicate connective tissue of

* Waxy disease may also be due to syphilitic infection, and it also occa-

sionally occurs as a complication or sequel of repeated attacks of acute
rheumatism.
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the walls of the arterioles, and subsequently the perithelial coats of
the capillaries and the connective tissue of the walls of the veins as
well as, later, of the larger arterioles and sinall arteries, are converted
into or infiltrated with a waxy substance, from which lardacein, an
extremely insoluble protein body, may be obtained. It may also
come to involve the connective-tissue framework, basement-
membranes, etc., but never the cytoplasm of the special cells, of
certain viscera. The name ‘amyloid’ is an entire misnomer, as
this material is in no way akin to starch. It occurs as a waxy homo-
geneous material, becoming a dark mahogany brown on the applica-
tion of tincture of iodine, and an inky blue when sulphuric acid is
subsequently added. With methyl-violet the amyloid substance is
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F1G6., 21.—TEMPERATURE CHART OF HECTIC FEVER.

culoured ruby-red, whilst normal tissues are stained blue. The
organs mainly affected are the kidneys, spleen, liver, and villi of the
intestines. The liver usually becomes uniformly enlarged to a con-
siderable degree, often reaching from the fifth rib to the umbilicus
or lower; it is firm in consistency, like indiarubber, and waxy-looking
on section. The arterioles of the portal tracts and the capillaries in
the intermediate zone of the lobules are those first affected. The
secreting cells of the liver, kidneys, etc., may undergo compression-
atrophy and other secondary degenerative changes, but are them-
selves never invaded by the waxy discase. The glycogenic and
bile-producing functions are interfered with, so that the digestive
processes, and especially the power of absorbing fats, is impeded,
although the appetite may rcmain good. The kidneys become
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similarly enlarged, the change usually commencing in the arterioles
leading to the glomeruli, but the intertubular capillaries and
the basement-membranes of the tubules are also early affected.
In this stage the urine is very abundant (from the increased filtration
through the degenerated vessel walls), pale, limpid, and containing
a few hyaline casts and fatty cells; later on, when secondary degenera-
tive fatty and catarrhal changes have attacked the tubules, there
is less urine, with a higher specific gravity, and a considerable amount
of albumin. The spleen increases in size, but not always to so
great an extent as the other viscera, the Malpighian bodies being the
chief seat of the change. The capillaries in the villi of the intestines
become lardaceous, and allow of an increased transudation of the
fluid parts of the blood, resulting in diarrhcea, which may also be in
large part due to the secondary catarrhal inflammation of the mucous
epithelium which usually supervenes. The absorption of nutriment
is thereby much lessened, and thus both by increased excretion and
diminished absorption of food the strength of the patient is steadily
undermined.

Amyloid changes in the viscera, far from being a contra-indication
to operation, are rather to be considered as a sign that radical treat-
ment is urgently necessary, unless the general condition of a patient
is such that he cannot stand the strain of it. If by an operation—
e.g., excision or amputation—the local disease can be eradicated, the
amyloid change in the viscera, if still only in its earliest stage, may
disappear. At the same time one must not forget that the kidneys
are seriously damaged, and that antiseptics, such as carbolic acid,
which are absorbed into the blood and eliminated in the urine, may
light up an acute nephritis with possibly fatal results.

Much attention has been given of recent years to the widespread
influence in the body of the absorption of organisms and their toxins
from foci of persistent bacterial infection, whether suppurative or
not; and many forms of disease have been traced to this cause. Dr.
William Hunter* was one of the first to call attention to this matter,
especially to the influence of chronic dental sepsis upon the constitu-
tion of the blood, but since that time the whole subject has taken on a
wider outlook.

The primary foci are to be looked for in various regions, but
amongst the more important may be mentioned: (1) Dental sepsis,
due either to apical infection with associated bone lesions (for the
diagnosis of which, and for the detection of buried septic roots, and
unerupted teeth which may have become infected, a complete X-ray
examination of the teeth and jaws is essential), or to chronic gingivitis
or pyorrheea, either superficial or deep (see Chapter XXVIIL.).
The organisms most commonly present in these cases are strepto-
cocci of the non-hemolytic types. (2) Naso-pharyngeal sepsis,
generally associated with chronic sinus trouble, is usually of strepto-
coccal, sometimes of pneumococcal, origin. (3) Chronio tonsillitis is
often characterized by the presence of plugs of infective material

* Tryans. Odontol. Soc., 1899, xxxi., p. 92.
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buried deefply in the crypts and often encapsulated, although the
tonsil itself may not be greatly enlarged, and may even be atrophied
and sclerosed. (4) Various intestinal lesions, such as chronic ap-
pendicitis, colitis, cholecystitis, etc., may lead to general absorption;
these are often secondary to dental lesions, but may persist when
the latter have been removed or cured. (5) Chronic streptococcal
lesions of the urinary and genital tracts in both sexes may produce
similar results. In this connection, it may be noted that strepto-
cocci in very small numbers may find their way into the circulation
from areas of focal sepsis, and be excreted from the blood by
the kidneys, and thus be found in the urine if catheter-specimens
are taken with extreme care, and a sufficient amount of centrifugalized
deposit is inoculated into suitable media. In rheumatic cases, this
is most likely to be successful during an attack or exacerbation of the
symptoms, as such streptococci may appear only intermittently in the
urine. An autogenous vaccine prepared from them is often of great
value in treatment.

It is interesting to note that many of the causal organisms are
normal inhabitants of the mouth or intestine, and lead to trouble
only when absorbed into the tissues. Much depends on their
virulence, which is often increased by development in the body,
especially in bony tissues, as at the apices of teeth. The amount and
duration of the absorption is also of significance; some patients have
more resistance than others, and this may be seriously diminished by
the influence of the organisms upon the blood and blood-forming
tissues. Streptococci not infrequently give rise to a leucopenia,
which may be of grave import, and may indicate that operative
interference should not be lightly undertaken; it may be desirable
to remove one diseased tooth at a time, or only a few teeth, and not a
whole series. Inherited tendencies may also influence the results;
some individuals may inherit weakness of certain organs, and these
are more liable to be affected than others, as, for instance, patients
in whom achlorhydria is present are more liable to develop pernicious
anzmia as a sequel of dental sepsis. Traumatism may also act as a
determining factor, as in arthritis or acute osteomyelitis from auto-
infection.

Only a few results of the absorption of bacteria and their toxins
from dental or other sources can be mentioned here. (1) The
direct passage of bacteria from the mouth or naso-pharynx is likely
to have an injurious effect upon the mucous membrane of the
stomach or intestinal tract, and thus chronic gastritis, gastric or
duodenal ulcers, appendicitis, or colitis are liable to follow, as also
the extension of such infection along the biliary or pancreatic ducts,
thus determining disease of the liver or pancreas, and perhaps leading
to the production of gall-stones or of diabetes. In this connection it is
important to emphasize the necessity for careful treatment of teeth
and disinfection of the oral cavity before all operations on the mouth,
such as excision of the tongue or tonsils, and also prior to gastro-
enterostomy. (2) The air-passages similarly may be infected by
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direct extension from oral sepsis; tracheitis with an abundant muco-
purulent expectoration is often due to this cause, as is also aspiration-
pneumonia after an anasthetic. (3) The effect upon the blood of
chronic absorption of bacteria and their toxins is to produce a
secondary anzmia, mild or severe in type (the ‘septic anemia ’ of
Hunter), characterized by a somewhat varying blood-count.
Chronic infection, e.g. of the sockets of devitalized or ‘ dead ’ teeth,
with the non-ha@molytic streptococci (S. salivarius, S. mitis, S. fecalis,
etc.) which are so frequently associated with secondary ‘ rheumatic ’
and ‘ rheumatoid ’ manifestations, usually produce a varying degree
of anamia, especially a hemoglobin@mia accompanied by leucopenia.
When the streptococcus is of the hemolytic type, the red cells are
greatly reduced in numbers, and the hemoglobin may not be more
than 60 or 70 per cent. Leucocytosis may be present, involving
either the polymorphs or the lymphocytes; and in bad cases a
leucopenia may exist, affecting the former rather than the latter,
which may be relatively increased in number. (4) As regards the
body generally, one can only say here that there are few organs
which cannot be markedly affected, and the possibility of absorption
of toxic material from some hidden or obvious source or sources—
for these are often multiple—should always be considered. In
particular one would draw attention to the grave influence of such
infections in the development of all the so-called rheumatic lesions,
including synmovitis, arthritis of many types, fibrositis, neuritis,
perineuritis, endocarditis, etc. The development of chronic osteo-
arthropathy (g.v., p. 670) has long been recognized as dependent
on toxic absorption, and modern ideas as to the origin and
treatment of many chronic lesions of bones, joints, fascie, liga-
ments, and of the eye, etc., is merely an extension of the same
principle.
For treatment of the various lesions, see under special headings.

III. Cellulitis.

Cellulitis (or, as it used to be termed, diffuse phlegmon) is a disease
characterized by the existence of a spreading inflammation of the
subcutaneous or cellular tissues, due to the activity of pyogenic
organisms, and running on to suppuration, sloughing, or even to
extensive gangrene.

Causation.—The one essential is the infection of the cellular tissues
with organisms which have gained an entrance through an operation
wound, or through an accidental breach of surface, even through
some slight graze, prick, or scratch. Deep infected wounds which
are not properly drained are amongst the most favourable for the
development of this condition, especially if the general health of
the individual is bad, if he is suffering from albuminuria or diabetes,
or if his surroundings are of an insanitary nature. Where much
loose cellular tissue is present, inflammatory phenomena may
readily supervene, from the absorption of bacteria from neighbour-
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ing contaminated structures—e.g., pelvic cellulitis arising from
an infected uterus, or cellulitis of the neck from an ulcerated
throat.

Bacteriology.—The Streptococcus pyogenes is the organism most
frequently found in cases of cellulitis, particularly when there is
much tendency to spread. In some of the more localized forms the
Staphylococcus pyogenes is present.

Clinical History.—The symptoms necessarily differ according to
the site of inoculation and the virulence of the causative organisms,
and hence anything from a localized suppuration to the acutest form
of spreading gangrene may result. In a case of moderate severity,
due to a prick or abrasion which has become infected, there is often
a period of quiescence for a day or two, and the site of inoculation
shows but slight signs of inflammation, beyond being a little tender.
The patient at first may feel only slightly unwell, but the symptoms,
both general and local, tend to become progressively more marked.
Fever is almost always present to a greater or less degree, and in
the more severe types one or more rigors occur, or the tempera-
ture may be subnormal, owing to the intensity of the toxeemia.
The affected part is found to be hot, tender, and infiltrated;
if superficial, it looks red and angry, and feels brawny. In
some cases local ha@morrhages or petechial spots are found in
addition to the other inflammatory phenomena. The course of the
case depends to a very large extent upon the treatment adopted;
if freely incised, the process may become limited, and even
although suppuration and sloughing occur, repair is readily effected.
If, however, the virus is very active, or the patient’s power of resist-
ance low, or if the inflamed area is left to itself or merely poulticed,
the process may spread rapidly, and extensive destruction follow.
Intense pain and sleeplessness, accompanied perhaps by delirium,
form the most prominent symptoms, and these, together with the
toxic fever, rapidly exhaust the patient’s strength. Suppuration at
length occurs, but is often of slow development, and the swelling may
remain hard and brawny for some time in such a region as the neck,
with no evidence of softening, so that it may be difficult to deter-
mine whether pus is present or not. The infiltrated cellular tissues
are likely to slough, and in a limb extensive subcutaneous necrosis
may occur, although the skin only gives way in places; hence it is
often possible to pass a probe between the skin and the deep fascia
over a considerable area. Sometimes the chief focus of in-
flammation may be found at a distance from the original site of
inoculation, whilst the intervening portion is but little affected, or
shows the characteristic features of acute lymphangitis. This
is due to the organisms being transmitted along the lymphatics,
and then arrested at a higher level. Occasionally the trouble spreads
along the deeper areolar planes, or even along muscular bellies,
which may be infiltrated with pus or may actually slough. In all
these more severe forms the patient runs a considerable risk of
leveloping general septiceemia or pyzmia.
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Treatment.—Careful attention to the principles of antiseptic surgery
can prevent the occurrence of cellulitis to a very large extent in
casualty and operative work. Abrasions and small punctured
wounds should always be protected, and all penetrating injuries
disinfected, especially if the patient runs exceptional risk of infection
owing to his occupation or surroundings, or to the nature of the
injury. Should inflammatory phenomena supervene, the applica-
tion of warmth and moisture in the form of fomentations or poultices
is required, whilst attention should be given to free action of the
bowels and to the general health. If the condition spreads and sup-
puration is threatening, free incisions in the long axis of the limb
should be made into the brawny tissues, so as to give exit to the serous
and irritating discharges, but the deep fascia must be avoided.
The wounds thus made are lightly packed with gauze soaked in
a hypertonic solution (e.g., 5 per cent. salt solution, or 10 per cent.
glycerine and iodoform emulsion), over which the usual dressings
are applied. The object of this is to drain the fluids from the
parts by capillary action, and hence an effective junction must be
maintained between the gauze drain and the surrounding dressing.
It is often wise to incorporate a piece of sterilized gutta-percha
tissue or mackintosh in the outer folds of the dressing, so as to
keep the parts moist and encourage a free discharge. Packing
with gauze soaked in flavine is also useful, or the Carrel-Dakin
method of trcatment may be sometimes employed with advantage.
Extension of th: infection requires further incisions, and the sur-
geon must follow up the disease with the knife. At the same time
the patient’s health and strength must be maintained by the ad-
ministration of suitable food and drugs, and collosol manganese
may be useful.

After the bleeding caused by the incisions has ceased, the limb
should be immersed several times a day in a warm bath for not
more than two hours so as to dilute the toxins and render them
innocuous. Sterilized normal salt solution at a temperature of
105° to 110° F. does perfectly well, or weak solutions of iodine or
cusol may be used; but antiseptics are of little value in checking
the disease when once started; the surgeon has to depend mainly
on relief of tension, the removal of toxic discharges, and the anti-
septic power of the tissues. At the same time the utmost care must
be taken to prevent any fresh or mixed infection.

The general treatment is that indicated for septicemia (p. 97),
including the use of antistreptococcal serum and perhaps immuno-
transfusion. Plenty of simple nourishing food is administered,
and such drugs as are required to procure sleep and sccure efficient
action of the bowels, skin, and kidneys.
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Special Varieties of Cellulitis.

Cellulitis of the Axilla not infrequently follows an infected wound of th
hand, such as occurs at operations or post-mortems, and hence is not un-
common in medical practitioners, students or nurses. It may also be caused
by extension from an axillary lymphadenitis. The tissues of the armpit
become hard and brawny, the pain is severe, especially on movement of the
shoulder, and the disease is liable to spread towards the chest walls under or
between the pectoral muscles; it may also travel upwards, and invade the
shoulder-joint from sloughing of the capsule, and so give rise to an acute
arthritis. Early and extensive incisions are required in order to prevent such
complications, care being taken to avoid important vessels and nerves. It
is most important in these cases that the arm should be kept away from the
side in a fully abducted position so as to guard against later fixation of the
arm to the side by contraction of the cicatrix.

Cellulitis of the Scalp usually results from a wound which has penetrated
the occipito-frontalis aponeurosis, and reached the subjacent layer of loose
areolar tissue; it may, however, follow a simple laceration of the scalp and
remain superficial. In the latter case the scalp becomes red, cedematous,
and tender, but the inflammation remains more or less localized ; in the former,
pus forms beneath the aponeurosis, and extends to its limits of attachment,
so that abscesses are likely to point in the forehead just above the eyebrows,
over the zygoma, or along the superior curved line of the occipital bone.
The whole scalp may be lifted up, and the patient runs a risk of necrosis of the
cranial bones and of various intracranial complications The scalp itself,
however, rarely sloughs owing to its abundant vascular supply. The trveatment
consists in making early and free incisions parallel to the lines of the
vessels.

Cellulitis of the Orbit is not an uncommon sequel of penetrating wounds in
this region, owing to the difficulty of disinfecting and draining them. It may
also be secondary to suppuration within the cranial sinuses. The orbital
tissues become infiltrated and swollen, the eyelids cedematous, and the eye-
ball pushed forwards (proptosis). The inflammation may spread directly to
-the meninges, or through the veins to the cavernous sinus = Necrosis of the
orbital walls may also occur, whilst the eye itself may suffer, either from an
infective panophthalmitis due to lymphatic infection, or from optic neuritis
secondary to retro-ocular inflammation and pressure, or, at a later period, from
optic-nerve atrophy secondary to cicatricial contraction around the nerve. If
the cellular tissue of the orbit sloughs, the subsequent movements of the globe
may be much hampered, or indeed lost, whilst the lids may be drawn back to
such an extent as to prevent their complete closure.

Treatment.—No penetrating wound of the orbit ought to be closed if there
is any question of its infection; indeed, it is often wise to increase its size
slightly, so as to enable the deeper parts to be cleansed and drained. If
cellulitis follows, the original wound must be opened up, and possibly fresh
incisions made either through the lids or through the fornix conjunctive.
Fomentations are then applied. If panophthalmitis supervenes, the eyeball
must be incised crucially; this is a safer proceeding than enucleation, which
is more liable to be followed by meningitis.

Cellulitis of the Neck is usually secondary to lesions in the throat, and there-
fore associated with follicular tonsillitis, diphtheria, or scarlatina, the process
probably starting in a deep lymphatic gland; it occasionally follows operations
on the neck, or may be due to suppuration in the mastoid cells. If the
infection is beneath the deep cervical fascia, the affected side of the neck
becomes swollen, red, and brawny; severe pain of a deep tensive character
is experienced, and this is increased by movements of the head or jaw. The
swelling is often g:culiarl_v hard and resistant, and, although cedema may be
present, it may be several days before the surgeon can detect any focus of
softening suggestive of suppuration. During this period the constitutional
gymptoms are severe; fever may be high, and the pain and consequent sleep-
lessness may exhaust the patient, whilst the difficulty of swallowing hinders
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nutrition. Dangerous symptoms arise from pressure on important vessels
and nerves, from extension of the inflammation to the mediastinum or to the
glottis, causing cedema and consequent dyspncea, or from the supervention
of gyaemia owing to venous thrombosis. The process usually ends in sloughing
of the cellular tissue and suppuration, the pus burrowing widely if a free exit
by incisions through the deep fascia is not provided.

Treatment.—The causal lesion in the throat must be attended to, any
operation wound freely opened up and drained, and the general condition
improved by the administration of nourishing fluid food, stimulants, and
quinine. Antistreptococcal serum may also be injected, but sometimes anti-
diphtheritic serum has been found equally useful; immuno-transfusion may
also he}p. Locally, fomentations are applied in the first place; but on the
onset of suppuration, or before, if the pressure symptoms are severe, or if the
affection is obviously extending, free incisions must be made along lines of
safety through the deep fascia, so as to relieve tension and give exit to dis-
charges. It must be remembered that the tissues are matted together in
such a way as to render their recognition difficult; and inasmuch as the pus
often lies deeply, the greatest caution has to be taken to avoid injury of
important structures.

pecial interest has been directed to a form of this affection which occurs
in the submaxillary region, and is known as Ludwig’s angina. It is usually
secondary to some buccal focus, or may occasionally result from the extension
of inflammation through the capsule of lymphatic glands, or may originate in
disease of the middle ear, the mischief spreading down along the posterior belly
of the digastric. The swelling in these cases extends forwards beneath the
chin, and may involve the floor of the mouth and base of the tongue, pushing
that organ forwards, and even making it protrude from the mouth. (Edema
of the glottis may supervene, or a sublingual abscess form. Treatment is
similar to that indicated above, and one or more incisions may be required.
(Edema of the glottis will probably require tracheotomy:.

Pelvic Cellulitis is an infective inflammation of the loose cellular tissue
which ensheaths the pelvic viscera. It may result from any penetrating
wound, accidental or operative, which encroaches on this region—e.g., extra-
peritoneal rupture or perforation of the bladder, suprapubic or lateral lith-
otomy, injudicious catheterization, curetting the uterus, and sometimes
attempts to induce abortion. It may also be due to the spread of bacteria
from any of the pelvic viscera—e.g., the bladder, prostate, rectum, uterus, or
Fallopian tube. It is associated with all the local and general signs of deep
inflammation, and often, indeed, with peritonitis, giving rise to a tense,
firm, painful swelling, to be felt per rectum or per vaginam, and sometimes
to an indurated mass of inflammatory effusion, dull on percussion, above the
Fubic arch. Abscesses may form, bursting either externally above Poupart’s
igament or into some of the viscera, or possibly in both directions, pro-
ducing intractable forms of urinary or fecal fistulae, whilst venous thrombosis
and pyamia from the breaking down and dissemination of the infected blood-
clot are likely to develop.

The surgeon may be called in to such cases in the early pre-suppurative
stage, when rest, limitation of diet, small doses of opium, and fomentations
to the hypogastrium, with hot rectal or vaginal douches, should be adopted.
At a later date, when pus has formed and the abscesses need to be opened,
an incision is generally made just above Poupart’s ligament and close to the
pubic spine; the abdominal muscles are divided to a sufficient extent to enable
the surgeon to work downwards between the transversalis fascia and the
peritoneum, which must be pushed aside in order to reach the broad ligament,
where pus is frequently found. As soon as the subperitoneal tissue is opened,
the knife should be discarded, and only blunt instruments or the fingers
employed. The cavity of the abscess should be efficiently drained, and for
this a counter-opening through the vagina may be required.

Intestinal obstruction may develop as a remote sequel from the con-
traction of cicatrices, and hydronephrosis may arise in the same way from
pressure on the ureter.
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IV. Wound Infection.

When a wound, whether accidental or operative, has become
infected with micro-organisms, healthy reparative action ceases,
and is replaced by an inflammatory process of a suppurative type.
In accident cases, wound infection is often unavoidable, and due to
the dirty state of the skin or the nature of the accident; and, however
thorough the subsequent disinfection, it may be impossible to render
the parts sterile. Still more does this hold good in military surgery.
In operative work wound infection in a previously non-septic case
is usually due to some avoidable mistake or oversight, only occasion-
ally to auto-infection. Ineffective sterilization of silk or catgut is
perhaps the most frequent cause, since the introduction of rubber
gloves has largely safeguarded the patient from infection from the
hands of the surgeon and his assistants. Devitalization of the
tissues as a result of rough handling or prolonged exposure is,
however, an important predisposing element. The organisms present
are exceedingly variable, as might be expected. In post-operative
cases, staphylococci are usually found, but in the worst cases strepto-
cocci occur, and possibly a mixed infection. In casualty and still
more in military work a mixed infection is generally present, often
including anaérobes, as well as the above.

The loeal trouble may manifest itself merely as an acute or sub-
acute suppurative process within the wound, or as an active cellu-
litis spreading into the adjacent tissues.

In post-operative cases it may commence deeply around a buried
stitch, or more superficially. In the latter case the lips of the
wound look red and puffy, the tissues often swell up between the
stitches, which look as if they had become too tight, and on in-
troducing a probe pus may escape; the patient complains of pain,
usually of a throbbing nature, and there is some rise of temperature,
and in bad cases even a rigor. In the milder forms, the changes
are limited to the immediate neighbourhood of the wound; but, if
neglected, or in an unhealthy subject, or if due to virulent organisms,
the phenomena of an acute cellulitis may supervene.

When the process starts in the deeper parts of the wound, nothing
may be obvious for a few days, except perhaps some fulness and
tenderness on pressure, together with some slight rise of temperature.
Sooner or later an abscess develops and comes to the surface, and a
sinus is likely to be left until the offending material, e.g. a ligature
or buried stitch, has been absorbed or removed. The same holds
good as regards silver wire, screws, plates, etc., which must be
removed before healing can take place.

Cases due to accident are often seriously complicated by the
carrying in of infected material, such as portions of the patient’s
clothing, soil from the road, dirt or grease in machinery accidents,
etc., and the bacteria derived therefrom, or from the patient’s skin,
find an abundance of suitable material for their development in
the torn and damaged tissues. The results of such contamination



NON-SPECIFIC PYOGENIC INFECTIONS 85

necessarily vary with the depth to which the lesion has extended,
and may consist of sloughing of and suppuration in and amongst
the various structures affected. Pus tends to track and burrow
along opened-up planes of tissue, and the swelling of the more
superficial parts aggravates the condition by hindering mechanically
the escape of discharge from the deeper parts.

The General Phenomena connected with wound infection vary
chiefly with the nature and virulence of the infecting organisms,
whether these produce active toxins, and whether or not the blood
itself becomes invaded.

1. Toxemia.—Acute Toxemia (formerly known as septic traumatic
fever) results from the absorption of a large dose of toxic material from
some focus of infective inflammation of sufficient extent and viru-
lence. A small collection of pus under pressure is capable of giving
rise to marked toxic symptoms, whilst in spreading inflammations,
such as erysipelas and cellulitis, the manifestations are often of a
grave type. The same is true of infective inflammation of the peri-
toneal cavity, especially when the upper half is involved, since the
communication with the lymphatics of the diaphragm is very free.
Toxamia is not infrequently associated with a true septiceemia, and
clinically it may be almost impossible to distinguish between the two.

The Symptoms are fever (except in some of the gravest cases,
when the temperature may be subnormal, although the pulse
may still remain high), accompanying loss of appetite, a dry
tongue, a quick pulse rapidly becoming weak, severe headache,
and nocturnal delirium of some intensity. The patient is at
first constipated, but vomiting and diarrheea may ensue from
gastro-intestinal irritation, followed by exhaustion, collapse and
death, or he may become comatose for some time before death,
according to whether the toxins act principally upon the alimentary
or nervous system. Dyspneea from pulmonary congestion, and
albuminuria, also occur. Effective treatment of the cause, as
by opening an abscess or drainage, may lead to a speedy dis-
appearance of the symptoms, but in spreading inflammation the
toxemia may not subside for some time. Should an attack prove
fatal, the post-mortem manifestations are practically identical with
those seen in septiceemia, but the blood is free from infective bacteria.

Chronic Toxemia is produced when toxins are absorbed from a
local focus for a considerable time. The conditions which result
from a septic psoas abscess are a typical illustration of this, and if
allowed to persist the syndrome of hectic fever (p. 75) will sooner
or later develop.

2. Septiceemia.—Should the organisms not only develop in the
tissues, but also find their way into the blood, Septicemia results
(p- 94), but the line of demarcation between it and acute toxemia
in individual cases is not easily established.

3. Pyemia.—Bacteria may escape into the blood, not only as
detached invaders which subsequently multiply within it, but
occasionally in the form of colonies of some size, carried perchance
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in a fragment of disintegrated blood-clot. Such an embolus is dis-
seminated in the blood-stream, and wherever it lodges a secondary
abscess is likely to develop. This condition is known as Pyzmia
(p. 98), and these abscesses may thus be found in a patient who also
shows obvious signs of acute toxemia.

The Local Treatment of an infected wound necessarily varies with
the length of time which has elapsed since the infection and with the
conditions present.

In a mild post-operative infection the relief of tension and
the application of warmth and moisture to the part to encourage
the local reparative activity of the tissues usually suffice. Stitches,
both superficial and deep, must be immediately removed, and the
wound widely opened up so as to give free exit to the discharge.
Undue interference, as by scraping, squeezing, syringing, etc., is
to be deprecated, as thereby the infection may be disseminated.
It is futile to apply strong antiseptics, since the organisms
have penetrated into the tissues and cannot be destroyed without
also involving these structures; moreover, the phagocytic power
of the leucocytes is thereby checked. Some of the more modern
antiseptics, such as the hypochlorites or flavine, are less objection-
able and may be useful on occasion; but it is possible that the
benefits which follow their judicious employment are due to causes
other than their antiseptic qualities.

Sloughs may be cut away, but generally are left to separate by
natural processes, assisted perhaps by the use of hypertonic sub-
stances, such as gauze soaked in salt solution (5 per cent.), or
‘glycerine and iodoform (10 per cent. emulsion). If there is a con-
siderable cavity in the depth of the wound, it may be desirable to
drain it by introducing a strip of sterilized rubber glove or a rubber
drainage-tube. Otherwise the wound is lightly packed, and warm
moist applications, e.g. boracic fomentations, are applied. At the
same time the bowels must be freely opened, and the general health
of the patient carefully watched. In a few days, when granula-
tions have formed, the wound may be irrigated with normal salt
solution or swabbed out with peroxide of hydrogen. Healing is
finally brought about by granulation, but can sometimes be
hastened by strapping the edges of the wound together, or by
grafting.

If such a régime does not suffice to stop the process, the wound
must be still further opened, and the spreading infection followed up
—in fact, it is treated as a cellulitis. Sometimes great benefit is
derived from the use of a poultice made of linseed meal and boiling
boric acid lotion, placed between layers of cyanide gauze; this type
of poultice is aseptic, and retains its heat better than a fomentation,
whilst it is softer and adapts itself more readily to irregularities of
surface. In other cases the Carrel-Dakin treatment (p. 88) may
be instituted.

In the graver cases of traumatism associated with infection,
whether occurring in civilian or military surgical work, more active
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and energetic measures have to be taken in order to prevent, if
possible, the very serious results which are likely to supervene.

The immediate treatment of a gravely infected wound is governed
entirely by the length of time which has elapsed since its infliction.
It has been abundantly proved that for a period of eight to twelve
hours bacteria do not penetrate deeply into the tissues. Pre-
sumably they are establishing their hold, and the limited number
primarily admitted take some time to multiply. Hence within
twelve to twenty-four hours of its infliction there is good hope of
effecting complete sterilization of the wound by vigorous mechanical
or chemical means.

Early Attempt to sterilize 8 Wound.—The patient is an®sthetized,
and the clothing removed. Heamostasis is effected, and the wound
cavity temporarily packed with gauze soaked in some suitable anti-
septic (e.g., carbolic lotion 1 in 20, Dakin’s solution, a strong solution
of brilliant green, or any other that the surgeon favours), and the
surrounding skin shaved, cleansed, and purified. In very dirty
cases it may be desirable to begin with turpentine, and then to
wash the skin with an ethereal solution of soap, finally employing
either Lister’s strong mixture or an alcoholic solution of biniodide
of mercury, but other solutions may be equally well utilized. The
wound itself is then uncovered and investigated.

The bruised and torn margins of the wound are excised, as also
all dead and damaged deeper tissues. Muscie tissue is carefully
examined, especially in street accidents or gunshot lesions, as gas
gangrene may develop therein. The exposed fibres are cut away
until healthy vascular tissue which reacts quickly to pinching lightly
with forceps is reached. Anti-gas-gangrene serum should be given
in all such cases. Foreign bodies and dirt are of course removed,
and the skin wound is enlarged along lines of safety in order to expose
the deeper parts.

If the surgeon is satistied with the appearance of the tissues thus
laid bare, he may proceed to close the wound by Primary Suture,
with or without the application of such diffusible antiseptics as
ether cor spirit (possibly in combination with biniodide of mercury,
I in 500). Other surgeons prefer to protect the tissues by rubbing
in B.LLP.P. (p. go) after cleansing with alcohol. Closure is best
effected by through-and-through silkworm-gut sutures; it may be
advisable to make some provision for drainage.

If the surgeon is doubtful as to the condition of the wound, it is
wise not to close it at once, but to pack the cavity with gauze soaked
in flavine (1 in 1,000), or impregnated with B.I.P.P., or to treat it
by the Carrel-Dakin method. If at the end of two or three days
the wound is practically sterile, or the discharge therefrom contains
only a few bacteria, Delayed Primary Suture may be undertaken.
A bacteriological examination of the discharge is most important,
particularly with a view to determining whether or not streptococci,
especially if of haemolytic type, are present, as, if this be so, it is
useless and dangerous to attempt suture.
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If at the end of two or three days the infective process is active
and numberless bacteria are present, then treatment as for cellulitis
by one or other of the methods indicated below must be carried
out; and healing occurs by granulation, assisted perhaps by grafting,
or hastened by late Secondary Suture.

The treatment of broken bones is not alluded to here, but if
present they must be dealt with in accordance with the plans out-
lined in Chapter XX. Of course, where the tissues have been in
contact with road dirt or soil, it is wise to protect the patient from
tetanus by the administration of prophylactic doses of antitetanic
serum,

The Carrel-Dakin treatment of wounds is dependent on the anti-
septic properties of the hypochlorites, especially of Dakin’s solution,
which destroy bacteria, but do no serious damage to the phagocytic
activity of the leucocytes or to the reparative power of the tissues.
The essential is to open up and cleanse all the depths of an infected
wound; dead and badly damaged tissues are removed, but it is
not always necessary to provide dependent drainage, and indeed the
wound which can be most readily treated by this method is one which
can be kept full of the solution. Multiple tubes with a calibre
of 4 mm. and 30 cm. long are then introduced so as to command
all the depths of the wound, entering into all pockets, and they are
kept in place by strips of gauze soaked in Dakin’s solution placed
amongst them, and between them and the walls of the cavity.
These tubes are closed at one end, but perforated for a variable
distance by minute apertures (Fig. 22) ; in a large wound it is possible
that six, eight, or even twelve such tubes may be required. Their
free ends are gathered up by glass connections (two- or four-fold)
which link them by larger tubes to one or more reservoirs above the
bed, from which a limited quantity of Dakin’s solution is allowed to
escape every two hours so as to irrigate the wound. If no reservoir
is available, a syringeful of the antiseptic is squirted down the main
tube; a clip is subsequently placed on this tube so as to prevent
regurgitation, and thereby ensure the escape of the fluid through
the tiny perforations into the depths of the wound. The tubes
pass out from the wound between layers of gauze, soaked in the
solution, which cover it, and through a sheet of sterilized non-
absorbent wool in a gauze cover. The Dakin’s solution is some-
times irritating to the skin, especially if free alkali is present, and to
prevent this the parts around the wound should be protected by
layers of gauze infiltrated with sterilized vaseline. The amount
introduced two-hourly need not be great, but provision has to be
made to prevent the bedding from getting wet, as the solution
has a damaging effect on bed-linen. When the healing is pro-
gressing satisfactorily, and secondary suture is not to be under-
taken, a chloramine ointment is useful; it should consist of
chloramine-T, 10 parts; stearate of soda, 86 parts; and water,
4 parts.

When properly carried out, this treatment is most valuable, but
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FiG. 22.—APPARATUS REQUIRED FOR STERILIZATION OF WOUNDS BY THE
CARREL-DAKIN METHOD.

To the right is secn the flask or other container suspended at the end of the bed,
and from it descends a rubber tube commanded by a clip; it divides below
into two branches which pass in beneath the external gauze and wool
dressing to the wound.

In the centre above are represented the glass connections for the special
rubber tubes. 1-tube and 3-tube connections are shown; others are
available with 2 and 4 branches. Below this are seen the rubber tubes
with tiny holes punched in them to a distance corresponding to the depth
and extent of the wound; the ends of these tubes are tied.

In the left corner is the syringe which may be used where no suitable container
is available. The stopper is of rubber and connected above with a
rubber ball.
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it requires very careful organization of technique and efficient
assistance. The bacterial content of the discharge from the wound
is tested from time to time, and as the hypochlorite becomes effec-
tive, the number gradually diminishes until in ten to fourteen days,
perhaps, only one bacterium is found in several microscopic fields of
the smear. The wound is then regarded as clinically sterile, and
secondary suture may be adopted. The absence of fever and
tox®mia is very marked, the patient’s sufferings are much reduced,
the amount of reactionary injury to deeper tissues is minimized, and
hence repair is more rapid and accompanied by less mutilating dis-
abilities and disfigurements than under other circumstances. The
opportunity of undertaking secondary operations on damaged nerves
or bones at an early period is of great value.

It is but just to point out that Sir A. Wright casts doubt on the
value of the solution employed as an antiseptic in the presence of
the tissues, and suggests that the good results (which cannot be
denied) are to be explained in other ways, ¢.g. the thorough opening
up of the wound and the provision of effective drainage; it also
introduces the element of repeated irrigation, and involves the
continuous personal supervision and care of skilled helpers; and
the fluid itself is stated to be hypertonic in its influence.

The B.I.P.P. (Bismuth-Iodoform- Paraffin-Paste) treatment
introduced by Professor Rutherford Morison is simple and
valuable. It consists in opening up and cleansing the wound
mechanically by excision of damaged tissues or friction with gauze
swabs. Complete h@mostasis must be secured, and the wound is
then dried with ether or alcohol. The surface is rubbed over with
swabs, covered with an antiseptic paste, consisting of bismuth
carbonate, 1 part; iodoform, 2 parts; and sufficient liquid paraffin
to make the paste the consistency of clotted cream. In preparing
the paste, each element must be previously sterilized, the iodoform
by washing with 1 in 2o carbolic lotion, the bismuth and paraffin
by dry heat at a temperature of 120° C. for half an hour. The
bismuth and iodoform are mixed in a sterile mortar, and the paraffin
is slowly added and well stirred, so that no lumps or gritty masses
occur. The B.I.P.P. should be carefully though thoroughly applied
to the surface of the wound, being gently rubbed in with a sterilized
swab, especially into the muscles, so that a thin film covers all the
tissues; lumps of the paste must not be left in the depth of the
wound, and no undue quantity must be employed for fear of toxic
symptoms; a drachm is usually quite sufficient even for a large
cavity. If the wound shows no tendency to ooze and otherwise
appears to be favourable, complete suture without drainage may be
adopted. In less favourable conditions the wound is left open and
packed with sterile gauze; unless any special cause for re-dressing
supervenes, the wound is left for five or six days; on removing the
gauze the wound looks very dirty, being covered with a mixture
of pus and paste, but on washing this away with sterile salt solution,
the surface should now appear healthy, and granulations be found
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beginning to form. A similar dressing is reapplied, and may often
be left for another period of five or six days, when reparative
activity should be fully established.

Secondary suture is often possible in these cases; the skin around
is thoroughly cleansed, and the margins excised and undercut for
a short way. The granulations are freely curetted; bleeding is
stopped completely; the surface is dried by ether or alcohol, and
carefully ‘ bipped’; sutures are introduced, buried ones of catgut
to close muscular gaps, and deep ones of silk or silkworm gut to
command the main wound, whilst fine catgut stitches bring the
margins of the skin into accurate coaptation.

B.I.P.P. is also extremely useful in wounds made through healthy
tissues in order to remove sequestra or drain infected cavities.
After drying the parts, the paste is well rubbed into the tissues,
and thereby spread to them of infection from those parts already
infected is prevented. In chiselling away living bone in order to
expose sequestra the likelihood of infecting the bone is very great,
and the use of B.I.P.P. to protect the exposed bony cancelli is most
advantageous. In re-amputations also, especially when granulating
areas are present, B.I.P.P. will usually protect the tissues divided,
and permits the surgeon to close the wound with good prospects of
securing rapid healing.

Toxic symptoms have occurred as the result of the employment
of this agent, and mainly in the direction of bismuth poisoning. A
brilliant blue discoloration of the gums occurs, which may also
appear on the mucous membrane of the cheeks and tongue. Occa-
sionally gastro-intestinal disturbances arise in the form of colic and
diarrhcea, and a few fatal cases have occurred; ulceration and
sloughing of the sigmoid have been found in some of these. Care
must also be taken that the paraffin is pure; some cases of irritation
around the margins of the wound have been traced to imperfectly
refined paraffin.

Finally, it must be pointed out that the presence of this paste in
the wound interferes with X-ray examinations, since bismuth casts
a shadow, and that excess of the paste may lead to a persistent
sinus or even to a secondary abscess which can heal only when the
excess of paste has been discharged.

Flavine (p. 289) in a solution of 1 in 1,000 has been recommended
by Browning and others, who claim that its antiseptic powers are
enhanced by the presence of blood-serum (which hinders the action
of the hypochlorites), that it has no deleterious effect on phagocytosis
or tissue activity, that it is a stable non-toxic compound, and that
its effects in a septic wound are most marked when gauze soaked in
a solution of the dye is kept in close and persistent contact with
the tissues. Bacteria are said to be quickly destroyed and wound
sterilization is rapidly accomplished. Most observers do not agree
with these claims, but maintain that, whilst the secretion of pus is
checked or aborted, the process of repair is also delayed and the
growth of epithelium hindered, so that, at the end of a week, although
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there may be no pus in the wound, yet the surface looks much as it
did at the start; after a time a yellowish film or pellicle forms in
which the superficial layers of the exposed tissues are incorporated,
and the wound takes on the appearance of a callous ulcer. If now
the flavine is discontinued and other applications, such as normal
salt solution or eusol, are substituted, the wound as a rule quickly
assumes a healthy aspect. It is obvious that flavine has beneficial
powers, but it is possible that we have not yet ascertained how
best to use it.

Sir Almroth Wright’s Physiological Method of treating Wounds
was introduced during the late war in order to combat the serious
consequences which followed the break-down of the ordinary
aseptic and antiseptic measures for dealing with wounds, found
sufficient in civilian work. It is probable that this resulted rather
from the half-hearted application of Lister’s principles than from
any fallacy in the Listerian principles or practice themselves. Sir
A. Wright attacked the problem from the laboratory standpoint,
and observed that the surface of a freshly inflicted gunshot wound
is in the main non-vascular, since the tissues penetrated are killed,
and that the lymphatic spaces are open; there is thus no protection
available, except from the leucocytes which emigrate and the lymph
which exudes. Upon this is grafted a bacterial invasion often of
a very virulent type. The bacteria find an abundance of suitable
pabulum and usually multiply at an alarming rate, spreading widely
into the damaged tissues, and causing extensive inflammation. The
delay often experienced in bringing the wounded man under treat-
ment of course allows extension of the infection.

The main difficulties in the treatment of such wounds are:
(1) That the germs spread so rapidly and deeply that their effective
removal by surgical measures is often an impossibility without the
most serious sacrifice of useful tissues: (2) That the invaded tissues
are infiltrated and brawny, the capillary circulation being hindered
by the perivascular pressure of effused lymph; in other words, the
wound is ‘ lymph-bound,” and there is but little discharge: (3) That
any lymph which escapes into the wound is stale and has lost its
active antibacterial properties, or is vitiated by the presence of
trypsin arising from the breaking down of leucocytes, and trypsin-
ized serum is an excellent pabulum for bacteria; hence the very
efforts of Nature to cope with the infection appear to favour its
development unless carefully controlled and directed: (4) The
presence of adherent sloughs provides persistent cover for fresh
bacterial activity. If these sloughs cannot be removed by surgical
intervention, they have to be separated by a natural process, which
practically consists in their complete or partial digestion by the
trypsin set free in the discharges. This erosive digestion, whilst
it is useful in the removal of dead structures, may also spread into
living tissues, causing secondary hamorrhage.

The chief means of cure when such an infection has once developed
reside: (1) In the lymph, which when fresh has decided antibacterial
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properties and also considerable antitryptic power; this latter
increases rapidly in an infected man, but is lost if the lymph becomes
‘stale’: (2) In the leucocytes with their phagocytic powers,
bringing to an end bacterial activity, and thereby encouraging
reparative changes in (3) the tissues, which, when once the
bacteria are seriously weakened, assert their natural tendency to
repair.

The agent recommended by Wright for counteracting the evil
influences at work in the wound and for stimulating the reparative
activities is a solution of chloride of sodium, either hypertonic or
isotonic.* Hypertonic salt solution (5 or Io per cent.) acts bene-
ficially in several directions: (1) It encourages lymph drainage of the
tissues, and thereby not only removes stale lymph and replaces it
by fresh and active lymph, but also restores the vascular supply of
the tissues by modifying the lymph-bound condition of the parts.
(2) It also limits leucocytic emigration and therefore reduces the
amount of pus secreted. (3) It disintegrates any leucocytes with
which it is brought in contact, and sets free a limited amount of
trypsin in the wound which can act upon the sloughs and loosen them
by erosive digestion; this power is held in check by the antitryptic
influence of healthy lymph. From these facts it is obvious that
hypertonic salt solution will be of most value in the treatment of
the earlier stages of an infected wound. There comes a time when
its beneficial influence is lost, and indeed it may be positively harm-
ful, and then the surgeon may wisely employ the isotonic or normal
salt solution (0'85 per cent.), which attracts leucocytes and favours
phagocytosis.

The value of the application of hypertonic solutions to infected
wounds cannot be denied, but it is not only the sodium chloride
solution which thus acts beneficially. Other agents, such as
glycerine, as in the old-fashioned iodoform emulsion (10 per cent.),
and perhaps Dakin’s solution, act mainly in this way. It must be
admitted, however, that some surgeons attribute these benefits
not to the osmotic action, but to the continued moisture, which
loosens any dried clot or lymph on the surface, and permits a more
abundant flow of lymph from the tissues.

The method of application of hypertonic solutions varies widely
with the character of the wounds. In accessible superficial lesions
all that is needed is to apply to the surface moderately thick

* The influence upon the tissues of various fluids brought into contact with
them differs with tﬁeir specific gravity and density, and may be illustrated
by the effect on red blood-cells of varying strengths of salt solution An
1sotonic solution (0:85 per cent.) has no osmotic pressure on either side, and the
red cells remain unharmed. A hypertonic solution (5 per cent.) exercises
considerable osmotic pressure towards the solution, and fluid is withdrawn
from the red cells, which become shrunken and crenated. A hypotonic
solution allows the cells to absorb fluid to such an extent that they swell up and
burst, and thus the injurious influence of plain water on the tissues is in part
explained. It is only necessary to irrigate the nasal fossa firstly with normal
salt solution which is comforting, and then with plain warm water, to appreci-
ate the irritating influence of the latter agent on the tissues.
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pads of sterilized lint or gauze soaked in the solution, and keep them
covered with a layer of jaconet. This dressing is renewed frequently.
In other cases where repeated dressing may do harm, the lint or
gauze is kept moist by allowing the solution to drop on to it from
a suitable reservoir. In deep wounds the solution may be carried
into the deeper parts by tubes and allowed to escape from the
wound on the Carrel system.

Wounds treated in this fashion rapidly take on a characteristic
appearance. They become clean, of a pink colour, and are
covered by an exceedingly thin layer of granulation tissue from
which little or no pus is discharged. The organisms, too, are greatly
reduced an numbers. Such wounds heal slowly, if at all, unless
the hypertonic is replaced by normal saline solution, and then the
surface of the wound becomes grayish and discharges a considerable
amount of pus, but granulation quickly occurs and healing goes on
satisfactorily.

It must not be forgotten that Wright himself admits that dead
spaces in the tissues—i.e., spaces in which pus can collect—must be
effectively opened up and drained before any good can follow the
use of hypertonic salt solution, and it is not improbable that
much of the value of his method depends on suitable removal of
dead tissues and effective mechanical drainage of the wound,
and these have long been recognized as constituting the essential
elements in the treatment of infected wounds.

V. Septiceemia.

Septiceemia is the condition of infection of the blood by bacteria
and their proliferation therein. It differs from py#mia in the absence
of secondary abscesses (although, as explained later, it may be
associated with it), and from toxemia by the fact that the
latter is merely due to the absorption into the blood of toxins
generated in a diseased focus in which the bacteria themselves
remain localized. In other cases, again, the process is rather that of
an overflow phenomenon, in which the organisms gain access to the
blood-stream from some septic focus, but do not proliferate in the
blood itself—a condition to which the term bacteremia is now
applied. Inboth septiceemia and bacteremia the organisms circulate
in the blood, though in many cases, especially of bacterzmia, in but
scanty numbers, and periods may occur in which no bacteria can be
detected in the blood, so that too much weight should not be attached
to a single negative bacteriological result.

Bacteriology.—The commonest organisms are undoubtedly strepto-
cocci (p. 61), which are almost always present in puerperal septi-
cemia and in ulcerative endocarditis. Next in frequency is the
Pneumococcus. The Staphylococcus pyogenes is also a fairly
common organism in this condition, and the prognosis is then
less grave.
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PHERY OF COLONY RADIATING OUT
AMONG PUS-CELLS: BACILLARY AND
Coccoip FORMS, AND AMORPHOUS
CENTRE. (Gram's Stain, X 500.)

(Ziehl- -

FI6. 2.—REPENEMA PALLIDUM (SPIRO-
CHRTA “PALLIDA) IN SECTION OF
Liver M CASE OF CONGENITAL
SYPHILIS.

(Stained by Levaditi’s Silver Impreg-
nation Method, X .)

F16. 4.—TUBERCULOSIS OF SYNOVIAL
MEMBRANE OF KNEE-JOINT.

Section showing part of a *giant-cell
system,’ showing central giant-cell,
endothelioid, and small lymphocyte-
like cells, and tubercle bacilli.
(Ziehl-Nielsen Method, X 500.)

F16. 6.—LEPROSY BACILLI, MOSTLY
WITHIN THE ‘LEPRA-CELLS’ IN A
SECTION OF SUBCUTANEOUS LEPROUS
GRANULATION-TISSUE,

These cells are analogous to the ‘ endo-
thelioid cells’ of tuberculosis.
(Modified Ziehl-Nielsen Method,
X 1000.)

FiG. 8.— STREPTOTHRIX ACTINOMYCES
IN SECTION oF 'WoopY TONGUE'
oF Cow, sHOWING Two CoOLONIES
wiTH ‘ CLUBBING ' OF THE SHEATHS
OF THE FILAMENTS AT THE PERI-
PHERY, CENTRAL DEGENERATION
wiTH COMMENCING CALCIFICATION,
AND SURROUNDING GRANULATION-
TISSUE WITH ENDOTHELOID CELLS
AND POLYMORPHS.

(Gram's Stain, x 300.)
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Rarer causes are B. coli and allied organisms, B. pyocyaneus, and
the Gonococcus. It may also be noted that the specific organisms of
certain of the acute infective fevers, ¢.g. typhoid and paratyphoid,
may be found in the blood, especially in the earlier stage of these
infections; whilst the septicemic forms of anthrax and plague are
conditions of the utmost gravity and often prove fatal.

Clinical History.—Septiceemia occurs most commonly from direct
inoculation with virulent streptococci through small lesions, such as
post-mortem wounds, or from scratches or punctures with infected
pins or instruments; in rarer cases it follows operation wounds
and severe lacerated injuries. It is the usual accompaniment or
sequel of acute spreading gangrene, and may be met with in cellulitis
and cancrum oris. As a rule the individual attacked is in a debili-
tated condition, perhaps from overwork, or from alcoholic or other
excesses, so that the inherent germicidal activity of the tissues is
insufficient to cope with the inroads of the disease.

The Local Changes at the site of inoculation may be very slight,
or may take the form of an acute lymphangitis, or some type of
cellulitis or spreading suppuration, or even an acute spreading
gangrene.

The General Symptoms are those of fever, often ushered in by a
distinct and severe rigor; the temperature reaches 104° or 105° F.
and usually remains high, with but slight remissions and no inter-
missions (Fig. 23). Malaise is present, with loss of appetite, and
the tongue is brown and parched. The pulse is quick and feeble,
the heart-sounds are weak, and the heart itself dilated. The skin
has often a slight icteric tinge, and petechiz are present. Diarrhcea
usually ensues, and the feces may be blood-stained, whilst the urine
is albuminous and contains blood. The patient may, after a period
of delirium, become comatose, and die. Dyspncea sometimes pre-
cedes such fatal issue, whilst the temperature may be exceedingly
high, or occasionally subnormal; the association of a low temperature
with a very rapid pulse is always of grave import. Leucocytosis
is usually present and well marked in the earlier stages, but is
absent in the worst cases and towards the fatal issue; even under
these circumstances there is a relative increase in the number of
polymorphonuclears.

Occasionally a case takes a more favourable course when the
local focus of infection has been effectively dealt with, and perhaps
suitable serum and vaccine treatment adopted. The temperature
falls gradually, and the patient slowly returns to health. The
accompanying chart illustrates the temperature in such a case, where
the true septicemia, as demonstrated by a blood-examination,
gradually disappeared after the uterus had been effectively curetted
and disinfected (Fig. 23). Recovery has also occurred in similar
cases after the intravenous injection of eusol.

Post-mortem Appearances.—Decomposition rapidly supervenes,
rigor mortis is feeble, and cadaveric lividity well-marked, especially
along the lines of the superficial veins and posteriorly. The blood
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coagulates imperfectly, and is dark and tarry in colour; if allowed
to stand, the serum which separates from the corpuscles is much
stained from the breaking up of the red blood-cells (heemolysis) which
occurs in many acute infective cases. This condition explains the
amount of cadaveric lividity, and also the post-mortem staining of
the endocardium and of the tunica intima of the larger vessels, which
is such a marked feature in these cases. Most of the serous cavities
contain a certain amount of blood-stained fluid, and under almost all

Tim- MEMiMEMEMEME‘II_A__E__MEMEMEI_A_{M_EM_E}Ar MEMEMEMEMEMEIME
.aowlc/ooozoo//qo/o:ioq_/gjo_o/n/‘/qrgg/__/oa/o_ﬁ/a/a/_o_/p
L8 O ATAF AP A A CArAEA eV A 26) 30 (75 [IF (40 [ 130 i
1074 — == RO S PR TP““‘" ] .
- V! r
106041 - e R e L lEar
. : ol b
105° : - - —4—t
® ° “E
1049 o J Y Mo - e et B S S A4
: A e 5
¥ 107 . - : i — — I S
F 103 TN - n
é. ! , . \ i
%1030 . } \ AL Lx R f ;*L _a,_.*,_‘. [ 39°
. / : E s
3 e ] ' s \/ - o 3
{ ‘ ' e ‘ f L §
£ 101° ~-e -8 ol i ’ 1t 3
N sl : ) l ColEs
anaE ; ' REEM \ REEK o
10 . S . e |
v / B : ) 'Y /' . i E £
o] | . n N
99%e” T B e L e .- . i S ¢
' V r
i) - . ! | WATREDR! o7
il B B M\ VAVAS G
. hd 1 ] F
970 . B il Bl B B : l ' E 5
e ' . [~ 36
: : oy E
syorsu| 1 |2 |3 |4 |5 |6 ol Z. §1qglroin|m|nim| sl w g a0 alf
Pise ”{ § .;la éfﬂlyfrﬁw PA e PR 7% % ,.,”" o) las 2 18:’0 “oia o P ;ﬂ”‘o 3)1 L,
Resp 270 T g™ e o 10 (3% 7 s % T T 5 Sd %l Fadn f.’_zi"' -
sare [% & |6 |7 € 19 |0 |1 [z [TUNE /5[4 //“f/f#/ 20,3/ 22123 by |

F1G6. 23.—TEMPERATURE CHART OF A CASE OF PUERPERAL
SEPTICEMIA WITH RECOVERY.

the serous membranes are well-marked petechiz, especially under the
pericardium and pleura. The lungs are deeply congested, particu-
larly posteriorly, and very cedematous; the liver, spleen, and
ki(lineys are enlarged, pulpy, soft, and congested, notably the
spleen.

Diagnosis.—It is sometimes a matter of considerable difficulty to
differentiate cases of septicemia from those of some of the more
virulent forms of the acute exanthemata, before the characteristic
appearances are manifested. Acute toxemia is always associated
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with some focus of infection, but may be so severe as to cause grave
anxiety for a time as to whether or not septicemia is present. If,
however, the infected area is freely opened up and drained, the rapid
disappearance of the fever indicates that the mischief was probably
merely a local, and not the more serious general, affection. A blood
examination by cultural methods may assist in clearing up the
diagnosis. From pyamia it is known by the absence of repeated
rigors and secondary abscesses.

The Prognosis of acute septiceemia is always very grave, especially
when due to hemolytic streptococci (chiefly Streptococcus pyogenes).

The Treatment consists in dealing actively with any local focus
of inflammation, either by free incisions and drainage, hot baths,
or amputation, if such seems desirable, but in most cases the time
for such treatment has passed when the blood becomes infected.
General measures vary with the patient and the symptoms, but
as a rule sufficient easily digested food is required, together with
abundance of fresh air, and sleep must be secured by opium or
other hypnotics. Of drugs, probably arsenic as an organic com-
pound administered hypodermically is as good as any, and possibly
intravenous infusion of considerable quantities of saline solution,
repeated two or threc times a day, will be beneficial by inducing
diuresis and perhaps diarrheea, whereby it is hoped that the organ-
isms and their products may be eliminated. Antistreptococcal
serum given intravenously in doses of perhaps 50 c.c. for the first
few days may be helpful, and probably the univalent serum made
from the S. h@molyticus (i.e. S. pyogenes) is the best. As soon as a
vaccine can be prepared, it should be employed, but it is poscible
that better results will be secured by the use of immuno-transfusion
(p. 24). Intravenous eusol or mercurochrome have been used with
success in some cases.

A more chroni¢ variety of septiceemia is also recognized, which
may last for weeks or months. This is often a subacute ulcera-
tive endocarditis, usually due tossome non-hemolytic type of
streptococcus. The history may commence with some localized
inflammatory trouble from which the patient has never properly
recovered. The temperature becomes of the hectic type, running
up 3 or 4 degrees every night, and the fever is associated with profuse
nocturnal sweats. Bacteria may be demonstrated in the blood
at times. The probable cause is the persistent absorption of
organisms into the blood-stream from some localized source of
infection—e.g., a hepatic abscess or a suppurating gall-bladder or
appendix, or a neglected pyorrheea alveolaris. The patient’s health
and strength are gradually lost, and, unless the local focus can be
reached and dealt with, death is likely to result. Surgical inter-
ference, though dangerous in these debilitated patients, may be
essential in order to attack the cause of the mischief. Apart from
this, vaccine treatment must be relied on, together with such general
measures as shall build up the general health and improve the
resistance of the blood and tissues.

7
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VI. Pysemia.

Pyamia is a disease characterized by intermittent fever, associated
with the formation of multiple abscesses in different parts of the
body, arising from the diffusion of pyogenic material, such as infected
blood-clot, from some area of local infection.

Bacteriology.—Any pyogenic organism may cause py®mia, the
organism most commonly found being Streptococcus pyogenes;
but in a few cases Staphylococcus pyogenes aureus occurs, and less
commonly the Pueumococcus, Gonococcus, or B. typhosus or para-
typhosus; and, in acute glanders in man, the production of pyaemic
abscesses due to B. mallei is often a characteristic feature of the
disease. Experimentally in animals, the mere injection of bacteria
themselves into the circulation is not suffi-
cient to give rise to pyemia; if they are few
in number, a transient pyrexia may super-
vene, and then the germicidal powers latent
in the blood destroy them; but if the dose
is large, or the resistance diminished, septi-
cemia, and not pywmia, results, unless
special conditions are present which deter-
mine the formation of embolic abscesses.
If the bacteria injected are mixed with
material or aggregated into masses such
that the organisms are carried on particles
too large to pass through the terminal
arterioles and capillaries, abscesses are

N likely to develop wherever they lodge. In
F16. 24 —DISINTEGRAT-  hyman pathology the infective emboli con-

ING CLOT LYING IN . ; . . .
A VEIN IN A Case op Sist of infected particles of disintegrating

PyzwMia. blood-clot (Fig. 24), or of vegetations from
The apex of the clot diseased heart-valves.
projects into a larger The Cause of pyamia may be stated to

trunk, and from this be any condition which leads to the for-

clot infected emboli  matjon and detachment of infective emboli

are easily detached 4o circulation, such conditi curring

into the circulating . . ’, ONCILIONS OCCUITMg

blood. mainly in the veins from disintegration of
] ] a thrombus (infective phlebitis), but occa-
sionally in the heart (infective endocarditis). Acute infective inflam
mation of the cancellous tissue of bones very commonly leads to
the production of pyxmia, owing to the veins being abundant and
thin-walled, and considerable tension present {from the unyielding
condition of the surrounding bony structures. Inflammation of any
of the intracranial venous sinuses arising secondarily to diseased bone
or spreading in from the exterior may result in pyzmia—e.g., in
middle-ear disease, which may result in thrombosis of the lateral
sinus. The presence of large open-mouthed veins in the puerperal
uterus favours the onset of the disease after parturition if infective
material is present in their vicinity.
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When an infective embolus lodges in and blocks a vessel in any
region of the body, a thrombus forms, and in this the micro-organisms
may rapidly develop, the vessel-wall is destroyed, and they spread into
the surrounding tissues, causing inflammation, which is likely to end
in suppuration. In the lung many such foci may occur, distributed
mainly along the posterior border and near the surface; each is
sharply limited to a wedge-shaped area of tissue, with the base
directed towards the periphery. It is at first reddish in colour from
effusion of blood (a hemeorrhagic infarct), but soon softens and
becomes grayish-yellow from the formation of pus. These abscesses
are small, and rarely give rise to any physical signs. Similar collec-
tions of pus, preceded or not by infarction, may be found in any
organ of the body. The lungs, acting as a filter to emboli derived
from the systemic veins, are naturally the first organs to be affected,
and from the abscesses formed therein infection of the arterial system
may take place, resulting in fresh suppurative foci in the liver, spleen,
kidneys, brain, and in or around bones and joints, etc. If, however,
the causative phlebitis is situated in the portal area, the emboli
become lodged primarily in the liver, giving rise to what is known as
pylephlebitis. When the emboli are many in number, the symptoms
are severe, constituting acute pysemia; this is sometimes associated
with a development of micro-organisms in the blood, producing
pyosepticeemia, the patient perhaps dying before the secondary
abscesses have fully developed. In other cases the general symptoms
are due rather to the absorption of toxins from the local foci than to
the development of organisms in the blood.

Clinical History.—The most marked symptom indicating the onset
of Acute Pysemia is the occurrence during a period of febrile dis-
turbance of a severe rigor, which is repcated with a sort of irregular
periodicity, most frequently at intervals of about twenty-four to
forty-eight hours, somewhat simulating an attack of ague (Fig. 25).
The rigors do not differ from those occurring in other diseases, but
they are very severe, and usually followed by profuse sweating.
Between the rigors the temperature may fall to the normal, but
more commonly remains above it. The skin is hot and soon
develops an earthy or dull yellow tint, together with erythematous
or petechial patches. A swect, mawkish, hay-like smell of the breath
is very characteristic. Symptoms of grave depression supervene,
and the patient rapidly wastes. The pulse becomes soft and weak,
the excretions are diminished, and a certain amount of nocturnal
delirium is noticed, but not necessarily loss of consciousness. The
presence of a bruit in the precordial region may suggest the existence
of an infective endocarditis, which is not very uncommon. The con-
dition of the tongue varies, but is often red with very prominent
papille, and becomes dry and brownish. Towards the end of the
first week secondary abscesses appear; they are sometimes unaccom-
panied by local pain or tenderness, and form very rapidly. Joints
are not infrequently involved, and may fill with pus, with little or
no pain; unless treated early, rapid disorganisation and disloca-
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tion may follow. The effusion may be puriform, or thin and oily;
it is always, however, swarming with organisms. In the viscera
the abscesses are as a rule small and numerous; if they occur in
vital organs, such as the heart or brain, death may result from their
local development. They are characterized, at first, by the almost
total absence of a barrier of granulation tissue, and hence, even
when opened early and aseptically, are likely to extend and continue
to form pus, instead of following the usual course of rapid repair
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F16. 25.—TEMPERATURE CHART OF A CASE OF PYZEMIA WHICH TERMINATED
IN DEATH.

The peak of each rise of temperature represented a rigor.

which succeeds the aseptic opening of an ordinary acute abscess.
Any of the serous sacs, and the meninges, are apt to become involved,
and widespread suppuration occur in them.

Not uncommonly in these cases painful patches occur here and
there in the subcutaneous tissues, accompanied by hyperemia,
which fades away after a few days. These are probably due to
the presence of small infective emboli, which the patient has suffi-
cient vitality to overcome without suppuration.
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In Chronic Pysemia the febrile symptoms are much less marked;
the abscesses may be few in number, and not dangerous unless
forming in important structures.

The condition of an external wound which has given rise to
pyzmia may show the following characteristics. It gapes open and
presents an inactive, dry, glazed surface, any newly-formed scar-
tissue breaking down. A layer of healthy granulations is an almost
certain barrier against the occurrence of py#mia, on account of the
germicidal power of its constituent cells. If the disease arises in
connection with bone, the latter structure is usually seen lying bare
at the bottom of the wound, denuded of its periosteum, and the
cancelli filled with sloughy feetid and disintegrating marrow
and pus.

Pathological Anatomy.—The veins leading from the infected area
are usually in a state of phlebitis; the coats are thickened, and the
lumen is filled with soft, pale, disintegrating clot, which may extend
for a considerable distance; the tissues surrounding the vein are
also involved in the suppurative process (periphlebitis). Secondary
abscesses are found in various parts of the body, most frequently in
the lungs, and the consecutive stages in their formation can be clearly
demonstrated, from the embolic colonies of bacteria, usually micro-
cocci, through the stage of hemorrhagic infarction to the complete
abscess. The general signs common to all cases of death from
toxaemia (p. 95) will also be manifest.

The Diagnosis of py@mia should not be difficult in the majority
of cases; but when it originates without any obvious external
wound from a deep-scated focus, or if the importance of some
local lesion has not been appreciated, the initial symptoms may
be mistaken for those of acute rheumatism, malaria or pyelitis.

The Prognosis depends upon the inherent vitality of the patient
and the virulence of the disease. In acute cases it is extremely
grave, probably terminating in a week or ten days, whilst in the
chronic type recovery is not only possible, but probable, if the local
abscesses are favourably situated.

The Local Treatment consists in preventing, if possible, the further
contamination of the general blood-stream by the dissemination of
infected emboli. This can sometimes be accomplished, in the case
of a limb, by amputation well above the local lesion; or if the
medullary cavity of a bone is the source, it may be possible
to scrape out the gangrenous and offensive medullary tissue, and
disinfect the cavity; or if it is due to a wound in the soft parts, it
may be feasible to dissect out the implicated vein and surrounding
tissues, or at any rate to remove the disintegrating clot after placing
a ligature upon the vessel between the thrombus and the heart.
A typical illustration of such treatment is that adopted for infective
phlebitis of the lateral sinus complicating disease of the middle ear,
where, after tying the internal jugular in the neck, the sinus is
exposed, opened, and all the infected clot removed, partly from
above, partly from below; admirable results have been thereby
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obtained. Where, however, such ideal treatment is impracticable,
all that the surgeon can undertake is to render the primary focus
as healthy as possible by frec relief of tension and close care in
asepsis. The abscesses must be dealt with, when possible, by early
opening and drainage, or by aspiration; such wounds often heal well,
and joints which have been distended with pus may recover with free
mobility. Occasionally, however, although rigid asepsis has been
maintained, the suppuration continues, and even sloughing of the
abscess-wall may follow. If the general condition can be improved,
a barrier of granulation tissue will form in time, and repair be
established.
The general treatment is similar to that for septicamia (p. 97).



CHAPTER V.
ULCERATION.
Ruvisen sy W. E, CARNEGIE DICKSON, M.D., B.Sc., F.R.CPE,

AN Uleer is an open wound or sore, due to the destruction of the
surface tissues, which tends to persist, probably as a result of
pyogenic infection, but may under favourable circumstances heal.
Any part of the surface of the body may be attacked, but especially
the lower extremities, whilst any mucous membrane may be
similarly affected. Ulcers may be of any size, single or multiple, and
in the latter case not infrequently are caused by infection one from
another.

It is almost impossible to classify ulcers, so multifarious are they
in type and so wedded are we to an old-standing, inexact termin-
ology. It must suffice to suggest that three chief classes are met
with 1n surgical practice—viz.:

(r) Ulcers due to traumatism, including burns, or to non-specific
pyogenic bacteria, e.g. the spreading, healing, chronic, etc.

(2) Ulcers due to specific bacteria, e.g. soft chancre, typhoid,
tuberculous, syphilitic, etc.

(3) Malignant ulcers, e.g. rodent, epitheliomatous, scirrhous, and
fungating.

We propose in this chapter, however, to deal merely with those
ulcers which can be included under the first heading; the remainder
are described elsewhere.

Ulcers due to Traumatism or to Non-Specific Pyogenic
Bacteria.

Any form of surface irritant, whether chemical, thermal, radio-
active, mechanical, or infective, may cause ulceration, and all the
factors predisposing to inflammation will hasten its occurrence.
[Faulty nutrition, whether from defective local vascular supply or
from long-standing congestion, is particularly liable to further the
ulcerative process; thus, in the lower extremity it is predisposed to,
on the one hand, by arterial disease which leads to a diminished
blood-supply, or, on the other, by the passive congestion due to
varicose veins. General debility, such as results from various
forms of an®mia, Bright’s disease, diabetes, etc., will also favour
the occurrence of ulceration. Moreover, when any part becomes
anaesthetic, or is cut off from its trophic centres, the continued
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presence of an irritant may not be appreciated, and hence destruc-
tive inflammation occurs, e.g. corneal ulcer following section of
the fifth nerve: or perforating ulcer of the foot in tabes: hot bottles
applied to the feet or elsewhere in old people or in persons suffering
from nervous lesions, etc. In malignant disease the projection of
the mass of the growth may expose it unduly to irritation; but the
chief cause of ulceration is the replacement of the deeper layers of the
skin or mucous membrane by the cells of the neoplasm, so that, partly
from interference with their blood-supply, and partly by their in-
filtration and destruction by the tumour, when the superficial epithe-
lium wears off or is lost, it cannot be reproduced.

Clinical History.—Apart from the case of malignant ulceration, or
in some ‘ trophic ’ and other forms of ulceration, ulcers of this class
tend sooner or later to recovery, and so may be said to pass through
three stages, viz., (1) that of ulceration proper, or extension; (2) a
stage of transition, or preparation for healing, which may be of variable
duration, according to whether the ulcer is running a rapid or a slow
course, and persists until the surface is covered with granulations;
and (3) the stage of healing or repair. The first stage alone
represents the true ulcerative process. Naturally, in a large ulcer
the three stages may co-exist, or a healing ulcer may from intrinsic
or extrinsic causes relapse again to the stage of tissue destruction.

Stage I.: Ulceration Proper, or Extension.—The special charac-
teristic of this stage is that destructive changes are progressing with
greater or less rapidity, and hence the ulcers may be described as
inflamed, spreading, or sloughing.

Naked-eye Appearances.—Surface, covered with ashy gray or
dirty yellow material, partly slough, partly lymph, partly breaking-
down tissue; no granulations are present; discharge, considerable
in amount, thin, sanious, and often irritating and offensive, rarely
purulent; margins, thickened and inflamed, and the surrounding
tissues often cedematous and infiltrated; edge, sharply cut and
well defined; the base of the ulcer is thickened and fixed to the
underlying structures. In fact, the phenomena are those of an
acute spreading superficial inflammation, which terminates in
tissue-destruction.

Treatment resolves itself into removing the cause, and protecting
the surface from mechanical or other irritation. The inflamed
part must be kept at rest, and if necessary raised from a dependent
position (e.g., the leg must not be allowed to hang down), whilst the
sore is dressed with moist and warm mild antiseptic applications,
such as a boracic or starch-boracic fomentation. When the parts
are very offensive, a charcoal and linsced-meal poultice may be first
employed.

Stage II. : The Transition Period comprises all the changes which
occur from the termination of the ulcerative process proper to the
time when the process of healing is fully established by the wound
becoming covered with granulations. In short, it may be described
as the stage of preparation for healing.
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Naked-eye Appearances.—When the destructive process has ceased,
the surface of the ulcer begins to clean, and becomes, as it were,
glazed over; sloughs are removed in the dressing or absorbed. The
discharge becomes less abundant and more serous in character,
and the angry red blush is replaced by a rosy hyperemia. The in-
filtration of the base diminishes, so that the tissues around are
less fixed and more supple. The film on the surface becomes more
defined, and in the course of time, shorter or longer according to
circumstances, little red vascular spots appear, which gradually
increase in number and size, and coalesce, until the whole surface is
covered by what has now become granulation tissue. The processes
occurring in this stage are: (a) the removal of sloughs; () the
covering of the surface with a cellulo-plastic exudate; and (c) the
vascularisation thereof, and its conversion into granulation tissue.
These do not necessarily go on equally all over the surface at the
same time, and thus much variety in its appearance may be mani-
fested; whilst at times the reparative changes may come entirely to
a standstill. Hence all forms of chronic ulcer which are neither
spreading nor act