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PREFACE

THE task of preparing a text-book on surgical and gyneco-
logical nursing has been approached with considerable hesitation
and, it is believed, with a full appreciation of the difficulties to
be encountered and the obstacles to be, if possible, surmounted.
The responsibility of deciding as to the relative importance to
the nurse of theory as opposed to practice and the proportion
of such a book that should be devoted to each has proved no
light one. Nor has the desire to present all theory from the
viewpoint of its practical application seemed easy of fulfilment.

The effort, throughout the preparation of this volume, has
been to present to the student and graduate nurse an essentially
practical statement of those procedures in her professional work
that fall within the realms of general surgery and gynecology.
While fully realizing the importance of a clear understanding of
the theory governing the practice of these branches of nursing,
it has not appeared either necessary or desirable to attempt the
incorporation of the theories of the sister branches as presented
to the student of medicine. As a consequence, such considera~
tion as may be given to surgical bacteriology, pathology, sympto-
matology or treatment has been with the sole idea of emphasizing
the importance of certain nursing duties—as the sterilization of
instruments and dressings, the accurate noticing and recording
of signs and symptoms, or the preparation of materials necessary
for the proper surgical treatment of specified conditions.

The unusual amount of space (both textual and illustrative)
given to the subject of surgical instruments was planned with the
hope that it would give a chance to the nurse for preparation
before she is thrown into the thick of the operating-room fray.
Even a general idea of the names, appearances, and uses of the
instruments she is to handle, together with some knowledge of
their routine application and order of use, should spare the novice
at least some part of the discouragement and confusion to which
she issubject under the operating-room systems of many
hospitals.

In addition to those portions of the book that are strictly
surgical in their application, there has, necessarily, been some
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consideration of border-line subjects. Under this classification
might come such chapters as the one on the use of fractional
doses in hypodermic medication and the one upon weights,
measures, solutions and formule. The excuse for the presence
of these particular chapters must be based upon the existence
of an apparent necessity for the consideration of these subjects—
particularly in their connection with surgical nursing.

Throughout, the desire has been constant to prepare a text-
book that would supply those needs that were most apparent
to the lecturer and the operator, without neglecting that part
of the field that had already been fully and successfully covered.
It only remains to be hoped that the completed volume will, to
some extent, fulfil this wish.

Many thanks are due to Captain Christie, Medical Corps,
U. S. A., and to Sergeant Cahill, of the Army Hospital Corps,
for assistance with the illustrations of instruments; to Lenz &
Lossau for the loan of surgical instruments; to the Superintendent
of Nurses at Providence Hospital for valuable suggestions and
aid; to Mr. William Kearny Carr for the privilege of using some
of his beautiful microphotographs of bacteria; and to Dr. R. M.
Le Comte for the loan of a number of examples of the work of
that past-master of microphotography, the late Dr. William M.
Gray. Undoubtedly our greatest single obligation is to Miss
Isabel M. Stewart, of Teachers’ College, Columbia University,
who has reViewed the entire manuscript, and whose criticisms
and suggestions have pointed the way to a rather thorough
revision both of the subject matter and arrangement of the book
to its very great advantage. Our thanks are particularly due
also to Dr. George W. Crile for his kindness in reading and criti-
cising the chapter on anoci-association. Finally we desire to
express our grateful appreciation to the J. B. Lippincott Company
for their constant courtesy and forbearance throughout a some-
what tedious siege.

EpwARD M. PARKER,

WasHINGTON, D. C,, . .
December, 1915. Scorr D. BRECKINRIDGE
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SURGICAL AND
GYNACOLOGICAL NURSING

CHAPTER I
THE CELLS OF THE BODY AND THE INVADING CELLS

MODERN surgery may be said to owe the whole of its wonder-
ful advancement to the invention of a single instrument, the
purpose and uses of which were so far removed from the obvious
needs of the surgeon that not the wildest dreamer could have
guessed its epoch-making importance in relation to surgical
practice. The immensely widened field of vision which the
microscope opened up to the students of living matter resulted
finally, among many other benefits, in freeing surgery from the
terrible handicap of wound infection under which it had labored
for more than a score of centuries. Under this handicap surgical
operations which are now considered trivial and practically
devoid of risk, were attended with a huge mortality, and almost
every form of operative interference involving the deeper parts
of the body was absolutely prohibited by death in practically
all the cases. All the great serous cavities of the body were thus
placed beyond the possibility of surgical exploration. Abdomi-
nal surgery was an almost untouched field, surgical manipulation
within the thoracic or cranial cavities undreamed of. Trephining
the skull was a very ancient operation, it is true, but only the
boldest surgeon ever ventured to cut through the lining mem-
brane of the cranium which encloses the brain, and none dared
repeat the venture often. John Hunter, greatest English surgeon
of his time, declared that he never saw a case recover where the
dura mater had been either wounded or incised at an operation.
Even in the more external parts of the body wounds, whether
operative or accidental, except the most trivial, resulted in a
dreadful proportion of fatalities. The amputation of limbs, even

3
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in the most skilful hands, had a mortality of forty per cent. or
more. Of compound fractures of the thigh treated during the
Napoleonic wars over eighty per cent. were fatal. The menace
of septic disease in wounds naturally increased in proportion as
patients were brought together in large hospitals, so that the
very circumstance which would otherwise have favored progress,
by giving to the surgeon the advantage of an enlarged experience,
became the means of retarding every effort at improvement in
operative work by the almost prohibitive death rate which it
imposed.

The emancipation of surgery from the bonds which had so
long confined it began with the work of Joseph Lister, following
the lead of the great Frenchman, lLouis Pasteur. The time was
peculiarly ripe for the triumph which Lister was destined to
achieve. Angsthesia by means of ether and chloroform had
been discovered and had now been an established procedure in
surgical practice for more than a decade. To make clear the
full meaning of this innovation it is necessary to point out that
its benefits were of two kinds. The ‘‘Death of Pain,” inestimable
boon though it was for the patient, was of far less importance
from the larger outlook than the opportunity now given to the
surgeon of doing his work with deliberate care. In pre-anss-
thetic days surgical operations had to be done at the highest
attainable speed. Two or three minutes, for example, was the
record for an amputation which every surgeon strove to equal
or surpass. With the introduction of anwsthesia all this was
changed. Hours instead of minutes were now available if neces-
sary. The dexterity of the juggler ceased to be the ideal for the
work of an operating surgeon, and the painstaking skill of an
expert handicraftsman took its place.  As a consequence the
temptation to try out improved methods and new operations
was almost irresistible, and surgeons everywhere were pressing
restlessly against the limitations which the huge mortalities
from sepsis still imposed upon them. A quarter of a century
earlier a great German anatomist had been the first to formulate
clearly the theory of a living contagion; our own Dr. Oliver
Wendell Holmes had pointed out the contagious nature of puer-
peral fever, and had suggested the employment of chemical dis-
infeetants as a safeguard against it; in the obstetric wards of a
great hospital in Vienna such measures had been put to the test
of practical use with marked success; but because the time was
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unpropitious the voices of these pioneers had fallen on deaf ears,
and to Joseph Lister was to belong the honor of leading the way
in the greatest forward step that had been made since surgery

an.

The early investigations of Pasteur had shown that the
familiar phenomena of fermentation and putrefaction were in
reality due to the action of minute living organisms which the
microscope had made visible, and the character of the foul dis-
charges from inflamed wounds, so like the putrefactive process,
suggested to Lister the possibility of a similar causation. The
case as regards fractures was particularly suggestive of this. It
was a commonplace that simple fractures, i.e., where the skin
was unbroken, healed without inflammation, fever or any foul
discharge, and practically all these cases recovered. In compound
fractures, on the other hand, 7.e., where an open wound communi-
cated with the broken bones, the putrefaction-like process of
suppuration accompanied with inflammation and fever invariably
occurred, and the majority of these patients died. In Lister’s
mind it was a clear inference that the difference in these two cases
was due to the entrance into the wound of living germs from the
air, and he acted on this idea. Carbolic acid was already known
as an efficient preventive of putrefaction, and in August, 1865,
Lister first applied a carbolic dressing to the wound of a compound
fracture. The result was all that he had hoped. No suppuration
occurred. A scab formed over the wound and the case progressed
to recovery like a simple fracture. Other similar results followed,
and he was encouraged to extend the application of what he
called ‘‘ the antiseptic principle in surgery” to other accidental
wounds and also to operative wounds with equal success. Still
possessed by the natural but mistaken idea that the air was the
source from which the dangerous organisms came, he began to
perform his operations under a cloud of spray impregnated with
carbolic vapor formed by a steam nebulizer. Instruments were
smeared with carbolic oil, hands, sponges, ligatures and dressings
dipped into carbolic solution. These methods were crude in the
light of later developments, but they sufficed.

The new principle in surgery thus inaugurated was naturally
not accepted all at once or without controversy, but Lister’s
mind was of too fine a temper to be discouraged by opposition
or embittered by hostile criticism. He pressed on, constantly
improving his methods, and his results soon accumulated a weight
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of evidence that compelled recognition from his doubting col-
leagues. Even the most determined opponents of his theory
unconsciously modified their own technic in accordance with
the new idea, and in proportion as they did this were rewarded
with improved results. Lister’s investigations, however, were
confined almost entirely to the practical side of the problem. He
spoke vaguely of putrefaction in wounds resulting from the pres-
ence of living organisms, and the question as to the exact nature
and life history of these organisms remained unanswered. His
work, therefore, convincing as it was, lacked the completeness
and precision of a scientific demonstration and it was reserved,
as perhaps might have been expected, for the patient and exact
methods so characteristic of German science to attain this goal.

A year after Lister’s first experiment there was graduated
from a Prussian university a young student in medicine who
was destined to play a leading part in investigating the relation
of microoérganisms to infectious disease. Robert Koch began
his studies of these organisms during the leisure moments that
could be spared from a laborious country practice. The work
which he did under these circumstances, judged in the light of
its results, may be regarded as one of the most brilliant achieve-
ments of any scientific worker of modern times. The methods
which he devised for manipulating, staining and cultivating
bacteria, with the results of his investigations by means of these
methods, brought him almost from the moment of their announce-
ment a leading position among German scientists and made him
virtually the founder of the science of bacteriology. The new
science, attracting a host of eager workers, at once entered upon
an amazingly rapid development, and in a few years the vague
general ideas previously held had given place to a large fund of
exact knowledge concerning the life history of many individual
species of bacteria and their relation to communicable diseases,
including the surgical infections. Koch himself, ten years after
the publication of Lister’s first paper, was able to give to the
world a full account of some half-dozen species concerned in the
traumatic infections in animals and man.

The methods of wound treatment and the technic at opera-
tions designed to prevent infection, which Lister’s earlier experi-
ments introduced, were crude indeed compared with those in use
at the present time, but while nature holds us to strict account
for disobedience to her laws she often rewards us generously,
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even lavishly, for only a partial understanding of her secrets.
It was so now. As Lister’'s methods began to come into general
use suppuration in wounds became less and less frequent. Large
mortalities dropped to small and in some cases even to negligible
figures. Healing “by first intention,” so-called from the time of
Hippocrates, t.e., healing without inflammation or suppuration,
ceased to be a surgical curiosity and began to be called normal
healing. The awful scourge of hospital gangrene, so common up
to Lister’s time, vanished utterly.

The result of Lister’s work for surgery may be likened to
the setting free of a lifelong captive from a dark and narrow
prison. The strong doors, barred and guarded for so many ages,
were now, almost suddenly, thrown wide open. Surgeons, grop-
ing forward in an unaccustomed freedom, many of them hardly
realizing what had happened, began to find that they could now
do many things safely that had always been prohibited. Con-
stant improvements in technic opened the way for new suc-
cesses. The gradual recognition of the fact that the entrance
of bacteria into wounds occurs practically always by contact
with material things to which these organisms adhere (hands,
instruments, ligatures, dressings), while infection through the air
is negligible; the introduction, first in Koch’s laboratory, of
sterilization by high-pressure steam; and the use of rubber gloves
for the hands of the surgeon and his assistants, first practised
by Halsted at the Johns Hopkins Hospital, revolutionized the
earlier methods of preventing infection in operative wounds,
inaugurating the present or what is known as the ‘“aseptic’’ era,
in contradistinction to the ‘ antiseptic’ era of early Listerian
practice, and enabled surgeons to perform the most extensive
operations in all the formerly forbidden regions of the body with
an almost mathematical certainty that no infection would follow
and that normal healing would be secured. The way was thus
opened for the immense development of operative surgery which
in the past fifty years has been many times greater than in all
the preceding centuries. There were many new difficulties to
be overcome and dangers to be encountered, but the difference
was that under the old conditions these problems could not be
approached at all; now the path was clear.

Among the many changes which the new era, resulting from
these discoveries, has brought about, not the least in importance
is concerned with surgical nursing. The time has long passed
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when a surgical operation was the work of one man with the
assistance of one or two unskilled helpers. Success under modern
conditions requires the coordinated efforts of a highly trained
and perfectly organized team of workers. The aseptic surgical
technic, that elaborate system which has been gradually worked
out, whose object is to prevent the occurrence of infection in
wounds, demands not only the strict observance of proper
methods at the operation itself, but also expert knowledge and
conscientious exactness in all the details of preparation. This
work of preparation calls for its own separate organization, with
an elaborate equipment of technical apparatus requiring special
skill in its use, and the responsibility for this rests almost wholly
upon the shoulders of the surgical nurse. It is highly important
that the carrying out of this part of the work should depend,
not upon the blind observance of a set of rules, vaguely under-
stood and often imperfectly remembered, but rather upon an
intelligent application of clearly comprehended principles, based
upon a correct knowledge of the conditions under which wound
infection takes place. Before entering, therefore, upon the prac-
tical side of our presentation of the technical duties involved in
surgical and gynzcological nursing, it is necessary to devote some
space to a consideration of the infection problem, the life history
and distribution of the living organisms concerned, and the
relation of these organisms to infectious disease.

1. THE CELL

1. The Cell as the Unit of Living Matter.—To understand
the meaning of infection we must begin with the study of the
cell. When plant tissues were first examined under the micro-
scope they appeared to be made up of an aggregation of tiny
hollow chambers, which, because of their likeness to the structure
of a honey-comb, were called cells. When on later study it
became gradually clear that all living matter is made up of very
small individual structural units, the name “cell” was retained
for these units, although in most cases they bear no resemblance
to a hollow chamber. Every living thing, whether plant or
animal, is composed of cells. The bodies of all the higher animals,
man included, are built up out of a vast number of cells of many
kinds, and all the activities of their bodies, of growth, of nutrition,
of secretion, of movement, or of reproduction, are really the
activities of the cells which compose them.
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2. Form and Structure of the Cell.—Cells exhibit immense
variety in size, in form, in structural complexity, and particularly
in functional activity. A few may be large enough to be visible
to the naked eye, but most are far too small to be seen without
the aid of magnifying lenses. In its essential features a cell
(Fig. 1) consists of a minute globule of matter, the cell body,
containing in its centre a smaller body called the nucleus. A
more or less clearly defined membrane, the cell wall, may sur-
round the body of the cell. When a cell is stained with aniline
dyes the nucleus takes the stain more strongly than the cell

ne

F16. 1.—Diagram of a cell.

body and appears clearly and sharply defined, demonstrating
its difference in chemical composition from the remaining cell
substance. The nucleus is believed to be the most important
element in the cell structure. It contains a special substance,
peculiar to living matter, known as ‘“‘chromatin” or “chromo-
plasm,” which appears to play the most important role in the
cell activities. The substance of the cell body is called “cyto-
plasm.” It may be smooth or granular in appearance, and some-
times has the suggestion of an intracellular network. The con-
sistence of the cell substance is probably that of a semifluid or
thin jelly. The solid part of plants and animal bodies are not
generally regarded as part of the living cell substance, but as
inert material built up by the chemical activities of the cell.
Many cells, particularly among the single-celled organisms, have
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special structural appendages to facilitate their motion or for
other uses.

3. The Activities of the Cell: (1) Movement.—Many cells
have the power of motion by virtue of a contraction of a portion
of the cell substance in various ways. The movements of single-
celled organisms and the muscular movements of the higher
animals are alike due to the exercise of this power.

(2) Reproduction.—At some period in its life every cell has
the power of reproduction by dividing itself, usually into two
daughter cells (Fig. 2), sometimes into many new cells. Over
this process the nucleus presides through a series of wonderfully

F1a. 2. —Multiplication by simple division in Entamaba coli (Craig). This is a single-
cclled organism which is the cause of certain forms of tropical dysentery in man.

complex changes. Every existing cell has arisen from another
cell through the exercise of this reproductive power. Each cell
reproduces only its own kind.

(3) Chemical Activities.—All cell activities are doubtless
chemical in nature, but the mature cell does a vast amount of
work in changing the chemical composition of substances taken
into its own body and of the material surrounding it. These.
chemical activities appear in: (a) the absorption of suitable
material from their surroundings to be utilized in their nutrition
and growth; (b) in oxidation, or the burning up of material with
the production of heat; (c) secretion, or the formation of new
chemical compounds which are then extruded from the cell;
(d) excretion, the casting off of waste material; and (e) what is
perhaps akin to secretion, the building up of intercellular sub-
stances which form the solid parts of the structure of animals
and plants.

4. The Vital Requirements of the Cell: (1) Motsture.—
Every living cell must be surrounded with moisture in order to
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enable it to carry on its chemical activities. All the living cells
of the human body are bathed in fluid. A scratch upon the
surface shows how thin is the protecting covering of inert dried
material by which the fluids are confined. Matter upon which
the cell acts to produce chemical change must first be brought
into a state of solution, and a fluid environment is therefore
necessary to all cell life.

(2) Food.—Cells require suitable material in their surround-
ings to be utilized by them for their nutrition and growth and
for the exercise of their other chemical activities. Some cells
can go into a resting stage, during which they remain alive,
although deprived for the time of food and of moisture. Later,
under favorable conditions of moisture, food supply, and tem-
perature, they may renew their active life. ,

(3) Temperature.—Active cell life is possible only within
rather narrow limits of heat and cold. For each kind of cell
there is an “optimum’ temperature at which it thrives best.
At a temperature a few degrees below this all cell activity will
be checked or cease entirely. At a temperature somewhat
higher the life of the cell will be destroyed. Some cells in a
resting stage (such as the spores of certain bacteria) can survive
extreme degrees of heat, considerably above the boiling point
of water. Most cells bear exposure to cold rather well. Many of
the cellsof our own bodies can recoverfroma freezing temperature.

5. The Characteristics or Qualities of the Cell: (1) Irrita-
bility.—This means that the activity of a cell can be affected
by influences from without. Any influence exerted upon a cell
which causes a change in its activities is called a “stimulus.”
All the activities of a cell may be affected by a stimulus—its
nutrition, its secretions, its motion, or its reproductive power;
and the effect of the stimulus may be manifested in either of
two ways, by increasing or by diminishing the activity of the
cell, or, as we say, the effect may be to excite or to inhibit its
activities. Any external changing condition may act as a stimu-
lus—mechanical or chemical effects, light, heat, electricity, the
influence which nerve fibres convey, and so on. Certain condi-
tions within the body of the cell itself may also act as stimuli,
such, for example, as its own physiological condition, particularly
with regard to its supply of nourishment. Thus starvation or
repletion will affect its activities in different ways. The excited
activity may continue for a time after the stimulus has ceased
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to act. Repeated stimulation may bring about exhaustion and
cessation of activity. Repeated stimulation, not of too high
intensity or too continuous, may develop and increase the cell’s
power of action in some one direction. A high intensity may
inhibit, while a lower intensity of the same stimulus may excite
cell activity. When a cell’s activity is affected by a stimulus
it is said to respond or react to the stimulus. The lowest intensity
of a stimulus which will cause a cell to react is called the *thresh-
old” for that stimulus. Repeated stimulation may result in
some cases in cessation of response on the part of the cell or a
raising of the threshold, a higher intensity being required to
excite action. The sum total of all the stimuli acting on a cell
constitute its “environment.”

(2) Adaptability—That quality of the cell whereby it is
enabled to respond differently to a stimulus because of previous
stimulation is of far-reaching significance in the economy of
nature. Because of this the cell is enabled to adapt itself within
certain limits to changed conditions in its environment. The
capacity of the cell to increase its power under stimulation is
also a factor in the adaptation of the individual cell to changed
conditions. Morcover, there are always slight differences among
individual cells of the same kind in regard to their susceptibility
to certain influences. Under changed conditions, then, some
cells may perish while others survive, and these may transmit
their resisting powers to their descendants, giving rise to a
strain adapted to the new environment.

(3) Specialization.—In the single-celled organisms and in the
cells which make up the tissues of animals and plants there is
an infinite variety in the forms of activity which the cells exhibit.
No cell is capable of all the forms of activity possible for a cell,
hut each kind of cell specializes in some particular form. Cells
are specialized not only in their activities but also in being
adapted to respond to particular kinds of stimuli. Thus, for
example, certain cells in the retina of the eye are specially adapted
to respond to light, other cells in the ear to respond to vibrations
in the air. Any stimulus capable of exciting the special activity
of a cellis called an adequate stimulus for that cell. A specialized
cell responds with its own particular form of activity whatever
the nature of the stimulus.

(4) Constant Change.—The chemical changes which go on
within the living cell are exceedingly complex. It is a chemistry
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of constant giving up and taking in, special substances capable
of serving a purpose useful to the organism are formed, and other
substances are thrown out because they have served their purpose
and become waste matter. New matter is meanwhile being
taken in to be built up into living substance in place of the
material that has been thrown out. The cell is thus ceaselessly
falling to pieces and rebuilding its own substance.

(3) Continuity of Life—In the process of reproduction the
cell does not die, but passes on its own substance and its living
activities into two or more daughter cells. Thus cell life is con-
tinuous and not interrupted by any condition that can be called
death. Many cells are destroyed, of course, by accident or other-
wise; and many differentiated cells, having lost the power of
reproduction, perish when their usefulness is ended, but there
is a sense in which it may be said that death has no meaning as
applied to the cell. '

(6) Stability.—The evidences of life upon the earth in remote
geologic ages, in all essentials like the forms of life now existing,
give striking proof of the immense stability of the hereditary
factors in the reproduction of the cell, while the traces of a
wonderful evolutionary history throughout these ages testify
with equal force to its powers of adaptation.

For the solution of all the problems in every department of
science relating to living things we must seek the final answer
in the study of these tiny units in the structure of all living
things. Incessantly disintegrating, yet immortal; more stable
than continents and oceans, yet infinitely plastic and adaptable;
the cell, which is the ultimate unit of living matter, serves also
as the most fitting symbol and expression of the mystery of life.

1I. SINGLE-CELLED ORGANISMS

By the term organism is meant any individual animal or
plant which lives a self-sufficient existence and in due course
reproduces its own kind. Among the lower forms of life there
are very many organisms which consist of only a single cell.

These single-celled or unicellular organisms behave in a
primitive way much like the higher forms. Each cell lives an
independent existence. They assimilate nourishment, grow, and
reproduce their kind; and many of them are able to move about
by means of active movements of portions of the cell body, or
through special organs of locomotion, usually by a swimming
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process, for like all cells they require fluid surroundings for their
active life.

Unicellular organisms are very abundantly distributed in
nature. A vast number of different species of them exist, differing
widely in structure, in their activities, and in the conditions
under which they thrive. Swarming in countless numbers and
variety wherever the conditions are favorable for them—in
water, in soil, as parasites living upon higher organisms, and
especially wherever there is dead organic matter—these silent,
invisible living things play a réle of incalculable magnitude and
importance in the happenings of our world.

III. MANY-CELLED ORGANISMS

There are no two-, or three-, or few-celled organisms. We pass
at once from the single-celled forms to those that are composed
of many cells. These include many forms that are very low in
the scale, and also, of course, all the higher species of plants and
animals. In the multicellular organisms the cells do not live a
separate and self-sufficient existence. They are dependent on
each other for many of their needs, and their activities are often
directed for the benefit of the organism as a whole rather than
solely for their own individual requirements.

The most striking feature of the higher forms of life, con-
sidered as an aggregation of cells, is the amazingly perfect organ-
ization which they exhibit. This organization is manifest both
in structure and in function. On the structural side we have the
differentiation of cells into peculiar tissues and the aggregation
of similar cells into special organs. In the animal body there are
complex structures for locomotion, for the seizing of food material
and for its digestion, and others for the purpose of keeping all
the cells bathed in fluid and for conveying to them the nourish-
ment that has been prepared for them. There are other organs
(the special senses) for the reception of stimuli from outside the
body, so that the behavior of the animal can be modified in ways
appropriate to its environment. As regards organization in
function we have a nearly perfect system of control whereby
all the cell activities of the body are directed for the benefit
of the whole organism.

It is the capacity of the cell to respond to a stimulus which
makes it possible for the higher living organisms to exist, since
because of it the cells composing the organism can be made to
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act in harmony. Our own bodies, for example, are made up of
an innumerable host of cells whose activities are not haphazard
or independent, but are obviously marshalled under orderly
control and discipline. A wonderful division of labor exists
among them. The muscle cells have given up all their other
activities, save nutrition, to devote their whole energy to the
exercise of their contractile power. Epithelial cells cover the body
surfaces and line the tubes and ducts of the various secreting
glands where they specialize in the production of different secre-
tions which are useful to the organism as a whole. The connec-
tive tissue cells, through thickening of the cell wall and the
formation of intercellular substances, build up the supporting
framework of the body, its bones, ligaments, tendons, etc. The
nerve-cells are organized into a wonderfully complex system for
the regulation of all the bodily functions and activities. They
specialize in the reception and codrdination of stimuli received
from sources external to the body, and in the conveying of appro-
priate stimuli to the cells of the various organs so that they may
act in harmony for the best interests of the organism as a whole.

All the structural features of the body, its framework, its
coverings of skin and mucous membranes, its complex tissues
and organs, and all their manifold functional activities, are thus
the result of the work of specialized cells under a marvellously
complex system of control.

We do not know what the factors are that determine this
organization. But it is quite certain that the amount or the
intensity of the various activities of any cell is determined by the
stimuli arising from its environment, and in the animal body, for
example, a large part of this environment consists of conditions
resulting from the activities of other cells, so that there is an
amazingly intricate interplay of stimuli between the different
cells of the organism. There are also adjustments for the rapid
conveyance of stimuli arising from the activities of one set of
cells to other cells at a distance, largely through the nervous
system, but partly also by other means. Thus the responses of
the cells to external stimuli, to stimuli arising from their own
physiological condition, and to stimuli arising from the activities
of other cells, bring about as a resultant an orderly balance and
harmony in the activities of all the cells, and a condition of the
body as a whole which we designate as normal or as a condition
of health.
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IV. HEALTH AND DISEASE

The word “‘normal’’ means conforming to a recognized stand-
ard; agreeing with an established type, but the standard is never
very exact. Thus in any group of persons each one may be a
normal individual although differing rather widely in many par-
ticulars from others in the group. The same is true of the normal
working of a many-celled organism as represented by the har-
monious activities of its cellular elements. The normal standard
for these multitudinous activities is not rigid but extremely
flexible. A deficiency, whether momentary or continued, of one
part of the mechanism may be supplemented or compensated for
in various ways by increased activity in other parts. Thus an
adjustment of the working of the complex organism to changing
conditions in its environment is continually going on. Different
kinds or groups of cells are inevitably subjected from time to
time to alien stimuli, often in themselves potentially harmful,
and in such a case the organism must automatically find an answer
to the problem of adjusting itself to that particular situation.
This adjustment of the organism to its environment is called
“adaptation.” It is a commonplace that different living organ-
isms are adapted to exist in very various surroundings; some, for
example, to live under water, others on land. Moreover, each
individual of a species hay inherited the power of calling into play
innumerable and often extremely dexterous ways of adjusting or
adapting itsclf to harmful situations.  When these adaptations
are very perfect so that the organism is able to meet the situation
with little or no disturbance of its functions we may consider
the resulting adjustment as a normal condition. When, on the
other hand, the adaptation is more or less imperfect, an abnormal
ordiscased condition will be brought about. For example, when
any tissue of the human body has been subjected to a direct
mechanical injury, e.g., 2 wound, there results an adjustment of
the cell activities which we eall the healing process.  This adjust-
ment while not ideally perfeet is in a very high degree efficient,
and when not interfered with in any way proceeds to repair the
defect with such smoothness, certainty, and speed and with so
little disturbance of the organism as a whole that we are nearly
or quite justified in calling it a normal process, although the cell
activities involved are quite different from those exercised in
ordinary times. Surgery is wholly dependent upon this nearly
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perfect adaptation, for without it surgery would be impossible,
and the fundamental problems of practical surgery are concerned
with the selection of methods for attaining the end desired which
shall place the smallest possible obstacles in the path of the heal-
ing process. On the other hand, from what has already been
said at the beginning of this chapter it is quite evident that
when a wound is infected the healing process is very seriously
interfered with. A new situation is developed to meet which
the organism is very imperfectly adapted, and the condition
which results cannot be called normal, but must be regarded as
one of disease. There is thus no hard and fast line between the
normal and the abnormal, t.e., between health and disease.
Disease may be said to be present when as the result of an imper-
fect adaptation to an injurious influence the normal balance of
the activities of the body-cells is destroyed.

V. INFECTION

Now one of the most potent and also one of the most common
causes of disease—that is to say, of such a disturbance of the
disciplined harmony in the activities of the cells of the organism
—consists in the entrance, among the cells of the body, of other
cells which invade it from the outer world. When such alien
and hostile cells, not subject to the discipline of its controlling
system, obtain entrance into the body and find in any of its
tissues a situation and surroundings suitable for their growth,
they multiply there, and by their growth and the secretions
which they produce they cause either a destruction of the body-
cells or an interference with their normal working. This invasion
of alien cells harmful to the body we speak of as an “infection,”
and the effects in the body of their harmful activities we call an
infectious disease.

All of the large and familiar class of infectious diseases are
caused by the entrance among the body-cells of unicellular
organisms from without. It must not be supposed, however,
that all the unicellular organisms can thus invade the body. On
the contrary, the vast majority of these organisms, which exist
in such countless numbers all about us, find in the tissues of
the animal body conditions altogether unfavorable for them,
and they can no more live there than a fish can live out of water
or an air-breathing animal can live under the sea. Unfortunately
for us, however, there are certain species of microorganisms

2
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which are specially adapted to live and multiply within the
tissues of our bodies. Fortunately for us, on the other hand,
these species are relatively few.

There are certain species of the hostile invaders which grow
readily in any tissue of the body where an injury has taken
place. An open wound offers an ideal portal of entrance for them
and the injured tissues a favorable soil for their growth.

Infection through a wound with these particular species of
alien cells we speak of as “septic’’ infection, and the resulting
disease affecting the wound and the body as a whole is known
as ‘“‘sepsis,” “septicemia,” or ‘“‘septicopyemia.”’

V1. THE SINGLE-CELLED ORGANISMS CONCERNED IN
INFECTION

1. Bacteria.—Among the microorganisms which play the
part of hostile invaders among the body-cells, the bacteria are
the most numerous and important class. All the organisms con-
cerned in wound infections belong to the bacteria. The bacterial
cell is characterized by extremely minute size, great simplicity
in form, and apparent simplicity in structure and manner of
reproduction. On the other hand, the greatest variety and com-
plexity is shown in the character of the cell activities, t.e., in
the chemical composition of the secretions which the cells pro-
duce and in the different conditions under which they thrive.
An immense number of distinet species can be recognized mainly
by these differences in vital activities, the form differences being
relatively insignificant or even in some cases indistinguishable.
The cell is many times smaller than the average size of the cells
which make up the structure of animals and plants (Fig. 3).
Bacteria are cither rod-shaped or spherical in form. Straight
rods are called bacilli (Fig. 4), rods with a slight curve are known
as spirilla (Fig. 5). The rods vary considerably in length and
thickness and may have rounded or blunt ends. Bacilli are either
motile or non-motile, the former possessing whip-lash-like append-
ages, attached sometimes to the ends, sometimes to all sides,
which by their rapid vibration propel the organism through the
surrounding fluid (Fig. 6). The spherical forms, known as micro-
cocci, differ only slightly in size, but characteristic differences
in grouj ‘ng appear, those which are scen in pairs being known
as diplococei (Fig. 7), others which appear in chains, like o string
of beads, are called streptococei (Fig. 8), while stuphylococei
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(Fig. 9) show an arrangement in irregular bunches. Reproduc-
tion takes place by simple division. A fissure appears in the
centre of the bacillus or the micrococcus, which presently sepa-
rates it into two equal parts. Each half grows to a full-sized
organism and then again divides. This process can be observed,
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Fi1a. 3.—Each side of the square represents one-thousandth of an inch. The relative
sise is then shown of (1) a red blood-corpuscle, (2) the anthrax bacillus, (3) the typhmd
bacillus, (4) the tubercle bacillus, (5) the influenza bacillus, {(6) the diphtheria bacillus,
(7) the tetanus bacillus, (8) a micrococcus.
and has been shown to take place under favorable conditions in
about twenty minutes. The result is a rapidity of multiplication
that is difficult to comprehend. A simple calculation will show
that if this rate of increase continued uninterrupted for a period
of twelve hours we should then have arising from a single organism
a number equal to more than ten times the entire human popula-
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tion of the globe. Under natural conditions, of course, many
influences check this process, but multiplication is nevertheless
enormously rapid. Some species of bacilli produce spores, a
method of reproduction somewhat analogous to seed formation
in higher plants. The spore appears in the middle or end of the
bacillus as a bright glistening body, the bacterial cell later melting
away and leaving the spore free (Fig. 10). Each cell, except in
rare instances, produces only a single spore, so that multiplica-
tion does not result from this process. The office of the spore
appears to be to preserve the species from destruction under
unfavorable conditions. In this “ resting stage” the organism is
highly resistant to heat and chemical disinfectants and may remain
alive for years in the dried condition. When again placed under

Fia. 4.—Diphtheria bacilli. (Microphoto- Fia. 5. — Spinlli of Asiatic
graph by Curr.) cholera (Carr).

favorable conditions of moisture, temperature, food supply, ete.,
the spore germinates into a bacillus and the processof reproduction
by fission recommences. Baeteria absorb nourishment through the
external surface of the cell from the surrounding materials, these
being acted on as a preparation for absorption by ferments secreted
by the cell. Bacteria thus digest their food outside the cell body, a
process which results in chemieal changes in the matter surround-
ing them; changes made evident in the various processes of fer-
mentation, putrefaction and decomposition of organic substances
resulting from the action of “saphrophytic” bacteria, and in the
case of the disease-producing or “pathogenie” species, in injury
or destruction of the tissue cells of higher organisms invaded by
them. Abundant moisture is essential for bacterial growth, The
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F1a. 6.—Bacillus subtilis showing flagell® Fi1a. 7.—Diplococcus pneumonism. (Micro-
Gray). photograph by Carr.)
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Fia. 8.—Streptococci. (Microphotograph
by Gray.)

Fi1a. 9.—Staphylococci. (Micro- - F1a. 10.—Bacilli showing spores.
photograph by Carr.)
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presence of air or free oxygen is essential for the growth of some
and absolutely inhibits the growth of others. The former are
called ‘‘aérobic,” the latter ‘ anaérobic’’; others which grow
equally well in both conditions are known as “facultative'’
species. As they are seen massed in “‘colonies” on the surface
of culture media in the laboratory, most bacteria are grayish
white in color, but many species produce pigments and the col-
onies of these may show brilliant coloring, orange yellow or red
being most common, but blue-green and violet coloring may
also occur. The limits of temperature within which bacteria
grow are rather wide. For each species there is an upper and a
lower limit above or below which growth will not take place;
between these is an optimum temperature most favorable for
growth; above the maximum temperature for growth is the ther-
mal death point at which the organism is killed. All vegetative
(not spore-bearing) forms are destroyed by a temperature con-
siderably below the boiling point of water. Spores withstand a
temperature much higher than this for a considerable time.
Freczing does not kill bacteria with certainty, and some may
withstand even the extreme low temperature of liquid air. Most
vegetative forms are readily killed by drying, but some may
survive for days or even weeks., Bacteria are destroyed by chemi-
cal agents such as carbolic acid, iodine, bichloride of mercury
and a host of others, but in every known instance those
chemical substances which kill bacteria are equally or even more
destructive to the cells of the human body, so that we can-
not combat bacterial infection by means of drugs administered
in the hope of destroyving the invading cells without poisoning
the patient.  The readiness with which bacteria are cultivated
in the laboratory, upon simple and easily prepared media, by
the methods introduced by Koch, has resulted in a great accu-
mulation of knowledge concerning them which has been applied
in many ways in the prevention, diagnosis and treatment
of disense.

2. The Protozoa.—These are unicellular organisins which are
classed as belonging to the animal kingdom, while the bacteria
are regarded as vegetable in nature.  The species of protozoa
are very numerous and they are very widely distributed, being
present everywhere in sea-water, in all stagnant fresh water,
and in all moist soils.  Active living forms are never present in
the air, but many are able to pass into a resting stage in the form
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of spores or cysts, in which condition they may survive for some
time in the dried state and be carried through the air. They are
often parasitic in habit, and, while comparatively few species
are the cause of disease in man, many others cause disease in
domestic animals and plants which are useful to man. The
protozoa are far more complex and varied in form than the bac-
teria, and many of the single cells show remarkable complex
appendages and other variations of structure comparable to the
specialized organs of the higher forms of life. Their modes of
multiplication are also more complicated and varied than in’the
case of the bacteria. Bacteria, like plants, absorb their nourish-
ment from substances in solution in the fluid surrounding them.
The protozoa, like animals, derive their food from other organ-
isms, chiefly bacteria. They do not multiply so rapidly as the
bacteria. Except in a very few instances it has not been found
possible to cultivate them in the laboratory.

3. Yeasts and Moulds.—Infections with single-celled organ-
isms of this class do occur, but they are few a.nd rare and need
not be considered here.

4, The Filterable Viruses.—There is still another class of
infections our knowledge of which stands in a very curious
position. These diseases can be transmitted to a healthy animal
by injecting into its tissues a very small quantity of the blood
or of certain secretions from a diseased animal, and this can be
done even after the blood or secretion has been passed through
a porcelain filter, the pores of which are fine enough to stop the
smallest known bacteria. These germs, whatever they are, must
be from five to ten times smaller than the smallest of the
bacteria. At least three human diseases belong to this class:
yellow fever, the disease known as infantile paralysis or polio-
myelitis, which especially affects children, and a tropical disease
known as dengye or break-bone fever. Altogether some twenty
diseases of this nature, affecting plants and animals, are known.
No filterable organisms not related to disease have ever been
demonstrated.

5. Unknown Invaders.—In spite of all the study that has
been devoted to the infectious diseases, there are still a number
in which the infectious agent—the invading cell—has not been
found. Among these are such prevalent diseases as measles and
scarlet fever. We know that they are infectious; we know, there-
fore, that they must be due to a living agent, an invading cell,
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but as to what the invaders may be like, we are up to the present
time utterly in the dark.

Finally, there are a few diseases about which our knowledge
is even less. They may possibly be infectious in origin, but we
cannot prove either that this is true or that it is not true. In
argument we may make a plausible case on either side, but there
is no convincing evidence to decide the question. The malignant
tumors perhaps are the most notable diseases in regard to which
we are in this unfortunate position.



CHAPTER 1I

SOURCES AND MODES OF INFECTION
I. NUMBER OF SPECIES CONCERNED

WE have defined infection as a disturbance of the normal
activities of the cells of the body, due to an invasion of its tissues
by alien cells from without. We have seen that the world about
us is teeming with invisible life, consisting of countless species
and varieties of single-celled organisms, infinitely small and insig-
nificant individually, but irresistibly potent because of their
prodigious numbers, and the almost inconceivable rapidity with
which they multiply. In the great majority of instances the
work they do is to dissolve and melt away dead organic matter
wherever it may be found; a beneficent work, for the most part,
in its relation to the welfare of mankind, since without it there
would be no decay, the soil would soon become exhausted of its
fertility, and the surface of the earth choked with its own dead.

A certain number of species, however, are parasitic in their
habits; that is, their natural dwelling place is within, or on, the
living bodies of some of the higher many-celled organisms. Some
of these parasites do no harm to their hosts, but others cause
serious and often fatal injury to the tissue cells of the higher
organisms upon which they live, giving rise to many diseases in
plants, in the lower animals, and in man. Only a very few
species among the myriads are able to become hostile invaders
in the human body, scarcely more than two score altogether,
although, if we include all the occasional invaders and some which
are quite incapable of doing serious harm, this number will be
somewhat increased. On the other hand, if we include only those
that are of special importance, because of their wide distribution
and the high mortality for which they are responsible, we shall
have a list that can almost be counted on the fingers. Our
business here concerns only those which are of importance in
relation to wound infection, including some half-dozen species
of bacteria; but before we can begin the study of these under-
standingly we need to have clearly in mind certain facts about

the sources and modes of infection.
25



26 INFECTION

1I. DISTRIBUTION OF BACTERIA

1. In the Air.—If we expose to the air for ten minutes a
thin layer of culture jelly contained in one of the small glass
plates or “Petri dishes,” and then replace the cover and put
the plate in the incubator over night, we shall find next morning
upon the surface of the medium a number of little round colonies
of bacteria an eighth to a quarter of an inch in diameter, looking
like little drops of paint. Each colony will have grown from a
single germ that has fallen upon the surface of the plate while
it was uncovered. There may be only five or six, or there may
be twenty or thirty or more of the colonies, representing a variety
of different species. There will certainly be some of a yellow
color, some gray, and possibly some of a bright red. There will
very likely be some of the fluffy growth that we recognize as
mould. The number of colonies will vary; in a quiet room there
will be few, in a dusty one many. Bacteria are sticky things
and apt to adhere to particles of dust. There will be more in
the city streets than in the country; more in the lowlands than
in the mountains; comparatively few or none at sea, in desert
regions, and particularly in polar regions. Among them micro-
cocci and moulds will predominate. It will be rather unusual to
find any of the pathogenic species upon our plate. Most of them
come from the great reservoirs of saprophytic bacteria that are
found in decomposing vegetation.

2. In Water.—In water we should find bacteria, for the most
part, far more numerous than in the air. Here we must use a
smaller measure for our standard. It is usual to estimate the
number in a cubic centimetre, a quantity about equal to sixteen
drops. In a mountain spring trickling from the rocks and in
deep wells we may find the water almost sterile, that is, containing
few bacteria or none. They have been filtered out in their pas-
sage through the deeper layers of the soil. In an ordinary stream
the water will probably be found to contain from two or three
hundred to five thousand or more bacteria per cubic centipetre.
In a polluted stream the number may rise to enormous totals, a
million up to fifty million or even more per cubic centimetre.
Both bacilli and micrococei will be found here in abundance.
But, except in specimens taken from sewage-polluted streams,
discase-producing germs are not numerous.

A rapidly flowing stream tends quickly to purify itself, and
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a few miles below a point of contamination the number of bacteria
contained will be found to be greatly diminished.

3. The Soil.—The superficial layers of the soil contain bacteria
in great abundance. It is more difficult to determine the number
in the soil than in water or air, and any estimate given as to an
average would be useless and misleading. The variations are,
of course, very great. In a moist soil contaminated by animal
excreta or decaying vegetation the number is enormous. In a
dry soil not subject to such contamination the number is relatively
small. At about three feet below the surface the earth becomes
practically sterile, no bacteria being ordinarily found below this
level except in loose gravel, where they may be present at a
somewhat greater depth. All the varieties of bacteria are in-
cluded among those found in the soil, but it may be noted that
the spore-bearing bacilli are relatively numerous here. Here,
too, is the chief abode of moulds and other fungi, including
yeasts, and very many species of single-celled animals are also
present in great numbers. As regards the presence of pathogenic
bacteria in the soil, perhaps the one species most to be dreaded
is the deadly tetanus bacillus, which, as has been said, is found
occasionally in garden earth and more commonly in stable-yards.
It is a possible danger in the soil almost anywhere in thickly
inhabited regions, and the same may be said of some other species
of bacteria that are concerned in the production of disease,
particularly those that thrive in the intestinal canals of men and
domestic animals. Nevertheless, apart from areas liable to be
contaminated with human or animal excreta, the bacteria of the
soil are rarely pathogenic to man.

4. Food.—The presence of bacteria in various articles of food
is constantly manifested by the evidence of decomposition. We
may take milk as a typical example. What may be called the
normal bacterial content of milk is surprisingly large. Milk
containing no more than ten thousand bacteria to the cubic
centimetre is considered the standard of attainable purity. The
production in marketable quantities of milk in which the bacteria
do not exceed this number is rarely attained. A milk that does
not contain over one hundred thousand bacteria to the cubic
centimetre is regarded as just passably clean by most of our
health boards. A milk containing more than this is considered
a dirty milk, and yet in all probability the majority of the milk
now marketed contains, at the time it reaches the table of the
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consumer, vastly greater numbers of bacteria than this, often
going up into the millions per cubic centimetre. It is true that
the majority of these bacteria are not pathogenic, often not even
unwholesome; nevertheless, dangerous and deadly disease germs
are so often present in milk that the methods of its production
and distribution are among the most important of the problems
concerned with the prevention of infectious disease. Notable
among the diseases that are not infrequently conveyed by milk
are typhoid fever, streptococcus infections of the throat, dysentery
and diarrheeal diseases and tuberculosis.

Bacteria, as has been said, readily adhere to any surface they
come in contact with, and all the innumerable articles of use and
ornament that surround us are more or less covered with them.

5. The Human Body.—The skin has its bacterial flora, dis-
tributed not only on the surface but in the ducts and erypts of
its glandular organs. Here there are always micrococci capable
of giving rise to the infection of wounds, and many other infectious
germs may at times be found upon the skin, particularly of those
who come in contact with disease. Bacteria are always present
and even multiply abundantly in the mouth and throat. Here,
also, certain species capable of invading the body may be prac-
tically always found in the healthy individual, and others are
occasionally present. Many bacteria swallowed from the mouth
and taken in with the food are destroyed in the stomach by the
acid gastric juice, and that portion of the small intestine into
which the food passes after leaving the stomach contains fewer
bacteria than any other part of the intestinal canal. Lower
down in the intestine, however, the bacteria multiply enormously
until they actually form a considerable part of the bulk of the
contents of the large intestine.  From one-eighth to one-quarter
by weight of the dried feeces consist of bacterial cells.  The species
present in the intestines are fairly constant and among those
normally present are a number that are capable of invading the
body tissues under certain conditions.

III. THE RELATION OF PARASITE TO HOST

When we think of the various ways in which infection may
come to us it is natural to assume that the germs of discase always
pass directly from the sick to the well and that the means of
transmission is mainly through the agency of the air. This has
probably been the generally aceepted idea from the beginning
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of our knowledge of these diseases and still influences largely
our practice in regard to preventive measures. But increasing
knowledge is making it more and more evident that the problem
of the sources of infection is far from being so simple a matter.
An individual sick with an infectious disease is not by any means
the only, and in many cases not the chief, source of infection to
others, and transmission through the air is, with a few excep-
tions, an almost negligible factor. To understand this we must
take into account certain facts about the relation of parasite to
host. We have said that the presence of a parasitic organism is
not necessarily harmful to the host, and we have also pointed out
that certain individuals of a species may be apparently entirely
insusceptible to an infectious disease to which other individuals
of the same species readily succumb. That an invading organism
will grow in the body of one individual and not in that of another
is hard enough to explain, but we must also recognize the fact
that the same organism may grow in the bodies of two individuals,
producing symptoms of disease of the gravest character in one
and no symptoms whatever in the other. It happens often that
after an attack of disease the organisms which were the cause of
the trouble may remain alive and continue to multiply in the
body long after the patient has fully recovered; but it is also
true that the germs of an infectious disease may be present in
the body of an individual who has never had an attack of the
disease. In the history of many of the infections there are found
cases where the symptoms are so mild that they are scarcely
recognizable, and it is but a step farther to find that there are
cases of infection with no symptoms at all. How greatly these
facts complicate the problem of determining and controlling the
sources of infection will be readily seen, but even this is not the
whole story. v

When an organism acquires the parasitic habit, there is
always a tendency for the parasite and host to become gradually
adapted or, so to speak, used to each other, so that the mutual
effects of a harmful nature are reduced to a minimum. It is
obvious that, when the presence of the invader is rapidly fatal
to the host, this fact works as much to its own disadvantage as
to that of the species of animal invaded. The invaders die with
their victim, and their chance of transmission to a new individual
is diminished in proportion to the rapidity with which they kill.
It is a curious fact that the most deadly among the infections
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are also the most rare; thus tetanus, anthrax and rabies are
infections that almost invariably kill. In the case of the first
two of these named, the organisms concerned have the immense
advantage that they are spore producers and thus are able to sur-
vive indefinitely under the most unfavorable conditions. Yet the
number of their victims is small in proportion to their deadliness.

Heredity plays an important part in gradually bringing about
a mutual adaptation between parasite and host. The individuals
having greater resistance to the invaders are the ones that
survive, to transmit this quality to their descendants; on the
other hand, the less deadly of the invading organisms are favored
in their chances of survival.

Let us suppose now that a certain unicellular organism has
acquired the parasitic habit, living in the body of a certain host,
and that the two have become adapted to each other so that the
host suffers little or no injury from the presence of the parasite.
The host in this case we will suppose is one of the wild animals
of the region, or perhaps one of the domestic animals. We will
call this the habitual host. Suppose now that the same organism
is also able to invade the tissues of some other animal, for example
the human body, and in this new host its presence gives rise to
grave disturbances.  We shall have then an infectious disease
of such a character that the main source of infection is not from
the victims of the discase but comes rather from the inexhaustible
reservoir found in the bodies of habitual hosts, who are unaffected
by the presence of the organism. This is exactly the condition
of affairs with regard to a number of infectious diseases of man
and of the domestic animals, and it is quite possible that there
are others of which the same is true, although the habitual host
has not yet been discovered.  The organism which is the cause
of sleeping sickness, a disease invariably fatal to human beings,
which prevails in certain regions of Africa, is transmitted by a
biting fly from certain wild animals of the region who are its
habitual hosts.  The domestic goat is the habitual host of the
micrococcus which is the cause of Malta fever, the infection
being conveyed through the milk. There is evidence that septic
streptococei may sometimes be present in the milk from appar-
ently healthy cows, and it seems highly probable, though per-
haps not proved, that milk from animals which show no outward
sign of disease i one of the sources of infection with the tubercle
bacillus.
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IV. CARRIERS OF DISEASE ORGANISMS

When a healthy animal or human being is the bearer of an
organism which is capable of becoming a disease-producing
invader in the tissues of an animal of another species, or of another
individual of its own species, we speak of it as a disease ‘‘ carrier.”
Diseased individuals are of course also carriers of disease, but
we use the word with reference particularly to healthy carriers.
Among human beings we have chronic carriers, or those who,
huving had an attack of disease, retain the invading cells actively
growing in their bodies for an indefinite time after they have
been restored to perfect health. We have also healthy carriers,
or those who have never had an attack of a certain infection
and yet carry in their bodies the organism of that disease. Wild
or domestic animals, and also insects, which are the habitual
hosts of an infectious germ, are also spoken of as carriers. * A
certain number of those who have recovered from typhoid
fever carry in the intestinal canal living and active typhoid
bacilli for months or years, or even for the remainder of their
lives. It is impossible to know how many of these there are,
but there is evidence that they may amount to two or three per
cent. of the population. Diphtheria bacilli are often present in
the throat for weeks or months after recovery from the disease,
and wherever there is an epidemic they are also to be found in
the throats of a varying number of healthy individuals, some-
times in as many as ten or fifteen per cent. of those examined.
With regard to the pneumococcus, which is the usual cause of
pneumonia, and of a number of other diseased conditions in the
human body, the case is a peculiar one. This organism is harm-
lessly present in the mouths of a large percentage of human
beings, but is able to induce an attack of disease only under
certain conditions which favor its invasion, probably because they
lower the resisting power of the body. Thus prolonged exposure
to cold and wet, particularly with exhausting labor, favors the
development of pneumonia, as does also the presence of certain
other infections, the administration of an anzsthetic, and so on.

The discovery of the typhoid carrier was felt to be almost
revolutionary in its bearing upon our conception of the sources
of infectious disease, and our sanitary authorities have been
sorely puzzled as to the proper method of dealing with the prob-
lem. The difficulties of detecting these carriers, and also of
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dealing effectively with them after detection, are almost insuper-
able. Obviously a typhoid carrier whose occupation is concerned
in any way with the preparation of food is a constant source of
danger to others. Some few individual instances of this kind
have been investigated, showing evidence that a large number
of persons have been infected by a single carrier. There is some-
thing appalling in the thought of such an unfortunate individual
going through life unconsciously leaving behind him a constantly
lengthening trail of disease and death. And yet after all there
was nothing really new or revolutionary in this discovery. The
facts about pneumonia, which we have stated, had long been
recognized, and for many years it had been known that, without
exception, every surgeon, nurse, or other person who assists in
surgical operative work, is a healthy carrier of the organisms
concerned in wound infection.

V. MODES OF TRANSMISSION

The dissemination of infectious germs from the sick, the
carriers, or the animal hosts depends on the method by which
they are thrown out from the body. In some diseases, as for
example in malaria, yellow fever, and slecping sickness, the
organisms cannot find exit from the body alive unless they are
withdrawn directly with the blood. It is possible to transmit
such diseases by means of a hypodermic syringe, but the ordinary
method is by the bite of a mosquito or other insect. The principal
avenues by which infeeting cells leave the body are through
the expectorated seeretions from the mouth and throat, the
discharges from the nasal passages, and with the urine and faces.
Other avenues of exit are the seeretion of milk, discharges from
abscesses and uleerations, and even the secrction of the sweat
glands.  As a rule, probably ninety per cent. of the organisms
so climinated are dead at the time they leave the body, but the
remaining fraction may represent prodigious numbers.  The
various possible modes of transmission are through the air,
through the contamination of drinking water and food, through
direct contact, and through contact with contaminated articles,
such for example as the public drinking cup and all the innumer-
able things that may be soiled with infection-bearing secretions.
Flics and other inscets may transmit bacteria mechanically to
articles of food or to an open wound, and finally the importance
as bearers of infection of the busy human fingers, which are con-
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stantly touching everything within their reach, can hardly be
overestimated.

There are two ways in which the germs of disease may be
disseminated through the air. One is through the drying of
infected secretions and excretions from the body, which are then
carried about by air currents in the form of dust. Most of the
organisms of disease do not live very long when dried, particularly
if exposed at the same time to sunlight, yet some of them can
survive under these conditions for several days at least, and
certain diseases may undoubtedly be transmitted through
inhaled particles of infected dust. The importance of this method
of dissemination has quite certainly been greatly overestimated
in the past, and it is probably not the usual mode of transmission
in the case of any infectious disease and for the majority is a
practically negligible factor. The other mode by which infectious
organisms are carried through the air is of far more importance.
It is the so-called droplet or mouth-spray method. In talking,
coughing, or sneezing, and even in breathing through the open
mouth, there is always driven out into the air a fine, often in-
visible, spray consisting of minute droplets of mucus, and in
these droplets there are invariably present some of the bacteria
of whatever kind that happen to be present in the mouth. The
spray can be shown experimentally to extend for a considerable
distance up to several yards, though ordinarily five or six feet
is the limit of its reach. Any infection where the organism is
present in the mouth, nose, or throat may be thus conveyed,
the spray being directly inhaled or more often perhaps falling
on the clothing or skin surfaces, particularly the hands, of persons
standing near, to be later conveyed to the mouth. Diphtheria
and influenza, for example, are doubtless often conveyed in this
way. Both of these methods of conveyance through the air are
of course more liable to occur in a closed space, like a room or
street-car, than in the open.



CHAPTER III

INFECTION IN WOUNDS
I. DEFINITIONS

WHEN any of the tissues of the body are divided or separated
by violence, as for example by a cutting or tearing or crushing
injury, we have what is known as a wound. A wound may vary
in extent from the slightest scratch up to any degree of severity.
Accidental wounds are described under various terms which
indicate their character, such as incised, lacerated, contused,
and punctured wounds. A penetrating wound is one that enters
any of the body cavities, such as the head, chest, or abdomen.
A snake bite is an example of what is meant by a poisoned
wound. A subcutaneous wound is one in which the deeper tissues
have been torn without division of the skin. When the skin is
involved we speak of an open wound. An infected wound is one
into which living single-celled pathogenic (disease-producing)
organisms have found entrance. A septic wound is one which
is infected with certain species of bacteria to be presently de-
scribed. A suppurating wound is one from which pus is being
discharged, a condition always the result of septic infection. The
word sepsis means the diseased condition of the body due to the
invasion through a wound or otherwise of the particular species
of bacteria concerned in septic infection. By an aseptic or clean
wound we mean one which is entirely free from all microérganisms
capable of giving rise to local or general injury within the body.
The healing of a wound is the process of repair, due to the activi-
ties of the body-cells of the wounded part, whereby the divided
tissues are reunited and restored more or less perfectly to their
natural condition. Normal or primary healing is that which
takes place in an aseptic wound. :

II. OPERATIVE WOUNDS

The wounds which particularly claim our attention are those
which have been deliberately made by the surgeon, with some
definite purpose of a remedial character in view. Such wounds
are called surgical or operative wounds. Apy remedial mcusure

34
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carried out by the surgeon with his hands or with instruments
is called an operation. A bloodless operation is one in which no
open wound is made, as for example the “setting’’ of a fracture
or the “reduction” of a dislocated joint. Any operation which
requires the making of an incision through the skin or mucous
membrane is known as an open operation. The-object of an
open operation may be either to remove something contained
within the body, the continued presence of which is a menace
to health and life, such as a foreign body, a diseased or injured
organ or portion of tissue, or an abnormal accumulation of the
products of disease; or else to correct some physical or mechanical
defect. The special characteristics of these operative wounds
should be clearly understood by the nurse in order that her work
in the operating room and in the care of surgical cases after
operation may be intelligently performed.

As a general rule every open surgical operation consists of
three main steps or stages: (1) exposure of the part to be operated
on is secured by cutting or separating the overlying tissues, so as
to bring the diseased or injured area clearly into view and make
it easily accessible; (2) the remedial measures required in the
particular case are then carried out, a great variety of procedures
being included under this head; (3) closure of the wound is accom-
plished by the use of stitches or ‘“sutures,” so as to restore the
parts as nearly as possible to their normal relations.

The first step begins with the incision through the skin or
mucous membrane. This varies in position, direction, and
extent with the requirements of the case. It may be a single
straight or curved incision, or there may be several incisions
joining at different angles, so as to outline flaps of skin, which
are separated from the underlying tissue and temporarily turned
aside out of the way. The dissection proceeds with the division
by knife or scissors of the superficial fascia or tissue lying immedi-
ately under the skin, with its layer of fat of varying thickness,
then of the deep fascia covering the muscles, and finally with the
separation and pulling aside of the muscles and other structures
overlying the part to be operated upon. Large nerves are never
divided in this procedure and large arterics or veins only when
absolutely necessary. Many small blood-vessels are necessarily
cut, and bleeding from these is at once checked by pinching
with instruments known as clamps or hamostatic (blood-checking)
forceps, which temporarily compress the ends of the divided
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vessels. Permanent arrest of hemorrhage is later secured by
tying the bleeding points with threads of silk, linen, or other
material specially prepared for the purpose. These ties are known
as ligatures and they remain permanently in the wound. Bleeding
from the cut capillaries, too fine to be tied, is checked by pressure
with pads of gauze called sponges, and these are also used to
soak up the blood which at times obscures the field. Many
operations require the opening of one of the large cavities of
the body, as for example the abdomen, to secure access to the
stomach, the intestines, the uterus and ovaries, and other abdomi-
nal organs. The other large cavities to which a way of entrance
must be found are the head and the chest or thorax, and here,
on account of the bony walls which enclose them, special means
must be employed involving the cutting away of portions of ribs
or of the skull, or else the formation of flaps containing bone as
well as soft parts, which can be temporarily turned aside, exposing
the underlying organs, and later replaced in their original position.

The second stage consists in carrying out the remedial meas-
ures to accomplish which the operation was undertaken, and may
be called the operation proper. It includes, of course, a very
great variety of procedures intended for the relief of the large
number of injuries, abnormalities, and diseases that are amenable
to surgical treatment. They are too numerous and varied to
be briefly summarized here. One feature of operative work
remains to be mentioned, namely, the use of drainage. All
surgical operations fall into one of two classes: clean cases, where
no alien invading cells are present, and infected cases. The
latter include those where the operation is undertaken for the
relief of conditions resulting from septic infection in some part
of the body. In these, one of the prineipal objects to be attained
is to provide for the escape of poisonous accumulations caused
by the invading organisms.  For this purpose rubber tubes or
wicks of gauze are inserted through the wound, extending from
the skin surface down to the infected area, so as to keep open a
way for the eseape of the toxie products of the infection. These
drains, as they are called, remain in place for a variable time,
sometimes for weeks.,  The deadly seeretions of the alien cells
are by this means continually discharged from the body instead
of being retained and absorbed, thus giving the body-cells a
great advantage in their struggle with the invaders. In very
deep and extensive clean wounds temporary drains are sometimes
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inserted to prevent the retention of blood and serum in the wound.
They are removed at the end of from twenty-four to forty-eight
hours.

The third stage in a surgical operation consists in closing the
wound by bringing the divided tissues together, restoring them
to their normal positions and relation to each other, and fixing
them when necessary by means of stitches, or “sutures,” of silk
or other material. The cut edges of the incisions in the skin are
united with particular exactness and care. Finally the wound
is covered by a protective ‘““dressing.” This usually consists of
loosely woven absorbent gauze laid over the wound and held in
place by straps of adhesive plaster, bandages, or a “binder.”

Throughout all the steps of an open operation, from the
first preparation to the placing of the dressing, the dominating
idea in the minds of every one engaged in the work, never to be
forgotten for an instant, must be to prevent the entrance into
the wound of the bacteria of septic infection. The means that
are used to attain this end have been purposely omitted here,
since they form the principal theme of many subsequent chapters.
In this place we are concerned rather with answering the questions
as to what happens to such a wound when no infecting organisms
have been allowed to enter it, and, on the other band, what is
the result when infection has occurred.

III. NORMAL HEALING

In every fresh wound there will occur a certain amount of
oozing from the divided capillaries and lymphatic vessels, first
of bright red blood, later of a clear fluid only slightly blood
stained. In very extensive operative wounds this oozing will
be of considerable amount and may last for several hours. Later,
at the first dressing, the gauze covering the wound will be found
deeply stained with this discharge. Pain in the wound may be
present immediately after the operation, but it is rarely severe
and ceases within a few hours. Pain is more often due to too
tight bandaging or to pressure of skin stitches than to the wound
itself. Pain resulting from movements of the body which call
into play the muscles in the region of the wound will be present
for several days. Asa rule there is no elevation of the temperature
of the body resulting from an operative wound in clean cases
(Fig. 11), but in extensive wounds there may be a rise of from one
to four degrees, beginning within twenty-four hours and lasting



Fia. 11.—Churt showing nornal
temperature after operation (salpin-
gectowy).
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until the third or fourth day (Fig.
12). This is the so-called traumatic
fever, resulting either from the
absorption of the dead tissue cells
or of blood that has collected in
the wound, or else from increased
oxidation due to the psychic and
traumatic stimuli of the operation.
This slight fever, occurring within
the first thrée days, is quite harm-
less and calls for no interference
with the wound. On the other hand,
a sudden rise of temperature appear-
ing from the third to the fifth day
almost always means infection (Fig.
13), and if it persists for more than
twenty-four hours calls for a change
of the dressings and an examination
of the wound. As a rule, the dress-
ing of a clean wound is allowed to
remain undisturbed for from five to
ten days, the longer the better, for
there is always some risk of infecting
a wound at the first dressing if it
is done too early. When such a
clean wound is dressed and the skin
stitches removed at any time from
the fourth day onward, the edges of
the skin incision will be found to be
quite firmly united, there will be no
discharge from the wound, the dress-
ings being free from moisture al-
though deeply stained with dried
blood.  The skin about the incision
will be normal in appearance. There
will be no redness or swelling and
searcely any soreness on pressure.
Even very extensive wounds will
thus appear to be quite perfectly
healed by the fourth or fifth day




F1a0. 12.—Chart showing temperature rise due to trauma and not to infection.
Amputation for crush of foot. (Chart by Miss Kathleen Carroll.)
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F1a. 13.—Chart showing septic infection after operation. (Excision of cystic tumor of
breust, local abscess.) (Chart by Miss Virginia Ryan.)
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in all but one particular. The new-formed tissue resulting
from the healing process is still soft and easily torn. What
we may call the solidification of the new tissue is not com-
plete until two or three weeks have passed. The final visible
result is a scar, a bond of new-formed fibrous or connective tissue
solidly uniting the wound surfaces, and appearing as a narrow
line along the site of the incision. At first the scar is of a red or
purple color, owing to the presence of numerous capillary blood-
vessels, but this color gradually fades away, until after some
weeks the scar appears much whiter than the surrounding skin.

IV. INFECTED WOUNDS

There are many varieties of single-celled organisms capable
of giving rise to disease, which can make use of an open wound as
a portal of entry into the body, but when we speak of infection
in wounds we ordinarily mean septic infection; that is, an invasion
by certain species of bacteria which cause, when growing in the
tissues, a local diseased condition, known as sepsis, characterized
by inflanmation, delayed healing and the formation of pus,
together with constitutional disturbance or general illness, the
most prominent symptoms of which are high fever, chills, pro-
fuse sweating, and digestive disturbances.

When an operative wound has been infected with the bacteria
of sepsis, the course of events will be somewhat as follows. For
the first two or three days there will be no disturbance, the condi-
tion of the patient being the same as in normal healing. On the
third or perhaps the fourth or fifth day there will be a sudden
rise of temperature, of probably from three to five degrees,
making its appearance usually in the afternoon. There will be
an increase in the pulse rate. There may be a sharp chill or slight
chilly sensations, known as rigors, followed by more or less
profuse sweating. Pain in the wound will be present, and may
have been complained of before the fever appeared. On the
following morning the temperature will be found to be nearly
or quite normal, but in the afternoon it will again rise to a higher
level than before, and the other constitutional symptoms that
have been referred to, together with digestive disturbances and
restlessness, will be increasingly manifest. This type of fever
with a sharp rise in the afternoon and a drop to nearly normal in
the morning is quite characteristic of septic infection, although
in many cases the fever is more continuous in character and often
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irregular (Fig. 14). When the dressings are removed and the
wound is exposed to view, a characteristic appearance will present
itself. The tissues in the neighborhood of the wound may be
markedly swollen, rendering the skin stitches quite tense. The
skin about the incision will be of a bright red color unless the
infection has begun in the deeper part of the wound and has not
yet extended to the surface, in which case there may be little
change in the color of the skin. To the touch the tissues about
the wound will be distinctly warmer than other parts of the body
and the wound itself will be exquisitely tender. These symptoms,
swelling, redness of the skin, heat and pain, are the so-called car-
dinal signs of inflammation, which is usually defined as a condi-
tion entered into by the tissues as a result of irritation, in this
casefrom the presence of septic bacteria. When the stitches have
been cut the edges of the wound will readily separate, allowing
the escape of a more or less abundant discharge of a pale yellow
fluid material, of a creamy consistency and a pasty odor, known
as pus. When a wound discharges pus it is said to be suppurating.
The color and consistency of pus are due to the presence of enor-
mous numbers of leucocytes, which have found their way into
the wounded tissues through the walls of the blood-vessels. They
seem to be attracted to the locality by the presence of the invading
organisms, and moreover the number of leucocytes in the blood
increases in cases of septic infection sometimes to as much as
five or six times the normal number. When the exudate in an
infected wound has the character of pus it is said to be purulent.
The character of the exudate varies considerably in different
cases. If very few leucocytes are present, it may be thin and
watery and it is then described as a serous or, if blood stained,
as a serosanguineous exudate. If coagulated fibrin is present in
considerable quantity it is spoken of as a fibrinous exudate.

The growth of septic bacteria within the body often results
in the death of many tissue cells and a breaking down and lique-
faction of tissue in the infected area so that a cavity is formed
which becomes more of less rapidly distended with an exudate,
usually of a purulent character; that is, one containing an enor-
mous number of leucocytes. Such a cavity containing pus is
called an abscess.

There are thus to be found both local and general symptoms
and signs in septic disease due to wound infection. The local
disturbances known as inflammation and suppuration are due
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F1a. 14.—Chart showing septic infection, continued typo. Infection of ankle and both hip-joints, multiple abscesses. (Chart by
Miss Emily Warren)
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to the direct irritation of the tissues by the invading bacteria
and their toxic secretions. The general or constitutional symp-
toms of fever, chills, sweating, digestive disturbances, and so on,
are caused by the absorption into the blood stream of poisonous
chemical products derived from the infecting organisms and from
the dead tissue cells in the infected area. When provision is
made for free escape of the exudate containing these products
the poison is no longer absorbed into the blood and the symptoms
due to its presence are promptly relieved. When, for example,
an abscess either ruptures spontaneously or is laid open by an
incision with the knife, the escape of the pus which has been
confined within it is followed by almost instant fall of the tem-
perature to normal and the disappearance of other symptoms
which accompany the fever. The treatment of septic infection
therefore is drainage, and when this can be satisfactorily accom-
plished the chances of recovery are greatly increased.

V. HEALING IN INFECTED WOUNDS

The healing of an infected wound appears to follow a very
different course from that which has been described for a clean
or aseptic wound, although in reality the processes involved are
essentially the same. The time required is much longer, for not
only does the presence of the invading cells effectually retard
the process, but the necessity for drainage of the wound frequently
requires that all the stitches shall be removed and the wound
allowed to gape widely open, so that a very much larger amount
of new tissue has to be formed to fill it up. This new-formed
tissue is known as granulation tissue, a name which is derived
from the characteristic surface appearance of the growth. The
color of this granulation tissue is a bright red, and the surface
is not smooth but granular, showing many small elevations of
uniform size, each elevation representing a capillary loop. The
tissue consists of young connective-tissue cells and newly formed
capillary vessels, the same in character as those which form to
unite the edges of a clean wound which is undergoing normal
healing with the cut surfaces in contact. A gaping open wound
heals by filling up from the bottom with granulations until they
are level with the surface, after which the new-forined epithelial
cells growing in from the edges gradually cover the wound.
Granulations are soft and easily torn, bleeding readily on the
glightest touch, but the unbroken surface offers an aimost im-
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pervious barrier against the entrance of infecting organisms, and
slight injuries are rapidly repaired, so that a granulating wound
is comparatively safe from infection.

The severity of septic infection in a wound may vary in every
degree from a superficial and insignificant ‘ stitch abscess ”’ to a
rapidly fatal general infection. By the latter term we mean that
the bacteria have found their way into the general circulation
and are growing everywhere in the body instead of being confined
to one locality. Several terms commonly used in relation to
septic infection may now be defined. Septiceemia means that
the blood contains poisonous products of bacterial growth
absorbed from some local infection. Pyswemia is the older term
used to indicate the presence of septic bacteria in the blood.
Since, when bacteria are to be found in the circulation their
poisonous products must be present also, the word septicopyamia
is the more modern term used in describing this condition.

VI. THE SOURCES AND MODES OF SEPTIC WOUND INFECTION

In the early days of antiseptic surgery it was assumed that
the air was the source from which the germs of sepsis came.
Later it was recognized that septic infection of operative wounds
rarely came from the air, but almost invariably from contact,
the bacteria being carried in by anything that touched the
wounded surface. The conception then was that all material
objects, our own bodies included, of course, were resting places
for septic bacteria, which gradually accumulated upon them from
the air, although the air itself contained comparatively few at
any one time. This conception revolutionized our operative
technic, bringing in the era of so-called aseptic surgery. It was
nearly enough true to enable us to develop our technic to a
high degree of efficiency. But to understand the real situation
it is necessary to go one step farther. It is a fact that all material
objects in daily use about us are, as a rule, the bearers of living
bacteria of the kind that cause septic disease, but why? The
reason is that we have handled them, breathed upon them,
sprinkled them with mouth spray, silted them with dust rubbed
from the surface of our bodies or derived from its dried secretions.
The human body, healthy or not, is the reservoir from which
comes the ever-present supply of septic organisms. Material
objects are contaminated in proportion as we handle them. In
the great world of out of doors, the air, the water, the soil, and
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vegetation, living or decaying, are comparatively free from the
germs of sepsis. Every human being vs a chronic carrier of the
organisms of seplic disease. Operative wounds are infected by
human contact, direct or indirect, and the same is true of acci-
dental wounds. In many of these, infection takes place not at
the time of injury, as we are accustomed to suppose, but by care-
less handling afterward. The same rigid precautions should be
exercised in dealing with them as in the case of operative wounds.

Vil. THE BACTERIA CONCERNED IN WOUND INFECTION

The vast majority of cases of septic infection in wounds are
due to the action of only three or four distinct species of bacteria.
There are a number of other occasional invaders, but they are
80 rare that they need not be mentioned here.

1. Staphylococcus Pyogenes (Fig. 15).—This organism is the
most common cause of septic infection, being found in probably
eighty per cent. of the cases. The individual cells are minute
globular bodies (cocci), and they appear under the microscope
in irregular masses, suggesting a bunch of grapes to their first
observers, who named them in accordance with this character-
istic. ‘‘Pyogenes,” meaning pus-producing, was added to the
name to distinguish the species from other staphylococei which
do not cause disease. A third name is added to indicate one of
several varieties or allied species, and this is usually suggested
by the color of the growth on artificial culture media. Aureus
(golden yellow) and albus (white) are the most common forms.
These bacteria grow abundantly on all our culture media, either
in the presence or absence of air.  They retain their vitality in the
dried condition for a considerable time, and are rather resistant
to chemical disinfectants and to heat. Boiling water kills them
within a few minutes.  Abundant formation of pus is character-
istic of the infections with which they are concerned. The
Staphylococcus pyogenes aurcus is the variety usually found in the
more severe infeetions, and the albus in milder cases.  This
organism is very often present on the skin, in the mouth, and in
the intestines of healthy individuals, one variety of the Staphylo-
coccus albus being a quite constant inhabitant of the human skin.

2. Streptococens Pyogencs (Figo 16),—This  organism  holds
the second place in point of frequeney among the bacteria of
sepsis.  From another standpoint it might be regarded as of
first importance, since on account of it< extreme virulence in
some cases it is more to be dreaded than the staphylocoecus as a
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cause of wound infection. The most rapidly fatal forms of infec-
tion are due to this cause. The streptococcus appears under
the microscope in the form of short chains, which look like
strings of beads. It is this peculiarity of arrangement that enables
us to distinguish it readily from the staphylococcus, since the
individual cells of each species look almost exactly alike, appearing
to the eye under the microscope as very small spherical bodies.
It is easily cultivated on our culture media, growing best at
about the body temperature and in the presence of air. It isa
rather more delicate organism than the staphylococcus, dying
out rapidly under conditions that are unfavorable to it. The
character of the inflammation which it produces in the tissues
differs from that caused by the staphylococcus. There is less
tendency to the formation of pus and the production of abscess

Fia. 15. —Staphylococcus F16. 16—Streptococcus
pyogenes (Carr). pyogenes.

cavities. The exudate is more serous or watery in character,
and tends to infiltrate the tissues and to extend rapidly. This
organism is also the cause of ecrysipelas, and is found in the
majority of cases of puerperal fever. It is frequently present in
the mouth and intestinal canal in both man and lower animals.
Great variation in virulence is one of its marked characteristics.
It is for this reason perhaps that in spite of its wide distribution
infection with the streptococcus is fortunately less common than
infection with the staphylococcus. When it does oceur it is
regarded as the most serious of all the forms of septic infection,
and in some cases its virulence probably surpasses that of any
other organism known. In every case of erysipelas or other form
of streptococcus infection occurring in a hospital the most
extreme precautions must be taken lest these deadly germs be
conveyed to healthy wounds cither at an operation or at a re-

dressing.
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3. Bacillus Coli Communis (Fig. 17).—A number of closely
allied specics or varicties are included under the name of colon
bacilli. These organisms are normal inhabitants of the large
intestine, and form the largest part of the bacterial content of
fecal matter. They appear as short, thick rods with rounded
ends. Some varietics possess motility and some do not. None
form spores. They grow readily on culture media either with
or without the presence of air or oxygen. They withstand drying
well, but are not highly resistant to heat or chemical disinfec-
tants. They are pus producers.and are the most common organ-
ism found in cases of peritonitis due to perforation of the intestine

Fia. 17.—Bacillus coli communis, showing Fia. 18.—Bacillus pyocyaneus, showing
flagelle (Gray). flagelle (Gruy).

with escape of its contents into the abdominal cavity, although
probably always associated in these cases with pyogenie cocci.
In operative wounds, the colon bacillus is sometimes the cause of
infections, which are, however, not usually of a very severe grade.

4. Bacillus Pyocyaneus (Fig. 18).—The bacillus of green pus
is an occasional invader in operative wounds and is usually asso-
ciated with the staphylococcus.  When it is present, the pus
discharged from the wound assumes a peculiar bluish-green color,
for which the organism is named. It is a small, rod-shaped organ-
ism (bacillus), provided with flagelle at each end, and is very
actively motile. It grows readily on culture media, where it
produces its characteristic pigment. It is often present on the
skin and in the intestines of healthy human beings. 1t does not
form spores.
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VIII. OTHER INFECTIONS OF IMPORTANCE IN SURGERY

The bacteria already described include those which are com-
monly found as the cause of septic infection in operative wounds.
It is not a complete list, but others, being of less frequency and
importance, need not be enumerated here. There are a number
of other organisms which are able to use a wound anywhere in
the skin or mucous membrane as an avenue of entrance to the
body, and which give rise to a variety of diseases which are not
properly classed as septic. Two of these must be enumerated

Fia. 19.—Bacillus tetani, showing flagells F1a. 20.—Bacillus tetani, showing spores
(Gray). (Carr).

on account of the deadly character of the diseases caused by them,
although both are fortunately rare invaders in operative wounds.

1. Bacillus Tetani (Figs. 19 and 20).—The tetanus bacillus,
the cause of the disease commonly known as lockjaw, is a small,
slender bacillus, actively motile by virtue of numerous flagelle
which it possesses. Each bacillus produces a spore at the end
of the rod, giving it a characteristic appearance resembling a
drumstick. It is a strict anaérobe, growing on culture media
only when every particle of oxygen is rigidly excluded. The
spores of this organism are exceedingly resistant to heat and
chemical disinfectants. Boiling for an hour or more in water
is barely sufficient to kill them, and they survive immersion in
powerful disinfecting solutions for many hours. They are foundin
the soil, particularly about horse stables, being a frequent inhabi-
tant of the intestines in horses, cattle, and shecp, and even in man.
This organism produces a powerful toxin which has a selective
action upon certain groups of cells of the nerve centres. Tetanus

4
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infection results in death in the great majority of cases. It occurs
most frequently in accidental wounds contaminated from the soil.

2. Bacillus Aérogenes Capsulatus (Fig. 21).—The gas bacillus,
as it is commonly called, is a large bacillus surrounded by a
capsule. It is not motile, and is strictly anaérobic, the smallest
amount of oxygen or air preventing its growth entirely. It forms
spores and is therefore highly resistant to drying and heat. In
its growth it produces a large amount of gas, and in the tissues of
the body when infected by it this is manifested by great disten-
tion, causing a tight stretching of the skin over the part, and by
a crackling sensation felt and heard when the finger presses on
the skin, due to the presence of gas in the intercellular spaces.

Fia. 21. =The gas bacillus. Fia. 22.—Tubercle bacilli (Carr).

It is a widely distributed organism, being a common inhabitant
of the digestive tract, and is frequently found in water, soil, and
dust, but fortunately it is rarely a successful invader of the hurman
body. It is, on the other hand, an exceedingly fatal infecting
agent when oncee it has become established.

Finally, brief reference must be made to three forms of infec-
tion which call for special attention, not so much as possible
invaders in operative wounds as beeause of their wide prevalence
and great surgieal importance.

3. The tuberele bacillus (Fig., 22) (Bacillus tuberculosis) is a
slender, non-motile organism which does not produce spores. It
is cultivated with difliculty in artificial media, growing in the
presence of air but very slowly and only under special conditions.
Special staining methods are also required to make it visible for
microscopie study. Its invasion of the body gives rise to a great
variety of diseased conditions, involving nearly every tissue and
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organ. The forms of tubercular disease which are amenable to
surgical treatment are mainly those which affect the bones,
joints, and lymphatic glands. Many cases of undoubted infec-
tion with this organism through operative wounds have been
noted, but this mode of infection is so easily under control that
it can only occur as the result of gross ignorance or carelessness.
The usual mode of infection is either through the respiratory or
alimentary tract. With the exception of the two diseases to be
mentioned in the following paragraphs, tuberculosis is probably
the most prevalent disease to which man is subject. The sources

F1a. 23.—Trepomena pallidum (Gray).

and modes of its invasion are not yet thoroughly understood,
and the question of its control is one of the great problems of
preventive medicine.

4. The organism which is the cause of syphilis (Treponema
pallidum) (Fig. 23) is a slender, corkscrew-shaped rod, actively
motile and possessing flagelle, but it probably belongs to the
class of protozoa, or single-celled animals, rather than to the
bacteria. It finds its portal of entrance into the body almost
always through slight surface wounds of the skin or mucous
membrane. Like the tubercle bacillus it is not a serious menace
to the work of the operative surgeon, and for the same reason.
The diseased conditions caused by syphilis, like those of tuber-
culosis, are of great variety and may involve any tissue or organ.
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The most prominent manifestations are ulcerations of the skin
and mucous membranes, and the destruction of tissue cells in
extensive local areas in different internal organs. Cases of this
disease are always to be found in the wards of a hospital, often
associated with other surgical conditions. A thorough knowledge
of its infectious character is essential for the nurse on account of
its wide prevalence and the grave character of the disease itself.
The organism is, in the vast majority of cases, conveyed through
direct contact with an infected person, though infection by indi-
rect contact may occur, as for example by means of a public
drinking cup, or any contaminated utensil handled by an
infected person. The organism, however, does not long survive
outside the body and is readily killed by the ordinary means of
disinfection. The secretions from the
ulcerative lesions are particularly infec-
tious.

5. The organism of Neisser (gonococ-
cus) (Fig. 24) is a diplococcus, appearing
under the microscope as two incomplete
spheres with flattened surfaces in contact.
It is a pus-producing organism and there-
Fia. 24.—Micrococeus gonor- fore belongsin the classof septic bacteria,

rheve (F. €. Wood, 3D but it is considered here apart from the
others in order to emphasize its réle as a cause of disease requir-
ing surgical treatment rather than its insignificant importance
as an infecting agent in operative wounds. This organism has
a special affinity for the mucous membranes, particularly of the
genito-urinary tract and of the eye. The serous membranes are
also susceptible to it.  Many cases of pelvie disease in women are
caused by extension of this form of inflammation through the
uterus and Fallopian tubes. It hasbeen estimated that this organ-
ixmn is responsible for eighty per cent. of deaths from inflammatory
diseases peculiar to women, and for sixty per cent. of all the work
done by gyniecologists.  The serous membranes lining the joints
may be infected (gonorrhaeal rheumatism), the diplococei being
carried to them by the blood stream.  The eyes of infants born of
infected mothers are frequently involved, resulting in blindness in
neglected eases (conjunctivitis neonaterum).  In adults alcodestruc-
tive inflarnmation of the eves may occur from thisformof infection.
This organism is very delicate, dying out in a few hours outside the
body and being easily killed by disinfectants and by a compara-
tively low degree of heat.
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CHAPTER 1V

SURGICAL PATHOLOGY
1. DEFINITIONS

1. Affection.—Any structural change or abnormality in a
tissue or organ or part of the body with a resulting alteration in
the functional activity of the part involved is an affection. An
affection may or may not be the result of disease, and it may or
may not be the cause of disease. For example, an alteration in
the convexity of the crystalline lens with resulting disturbance
of vision is an affection of the eyes and not a disease. The affec-
tion in this case is not produced by disease and does not give
rise to any diseased condition, except perhaps through the effect
of eye-strain upon the nervous system. A shrivelled valve in the
heart, with resulting obstruction to the onward flow of the blood,
or regurgitation from imperfect closure of the valve, is an affec-
tion of the heart and not a disease. In this case, however, the
affection is the result of disease, namely, an endocarditis occurring,
for example, in the course of an attack of rheumatism. It also
is likely to become sooner or later a cause of disease in distant
organs, particularly the kidney, by reason of the disturbance it
produces in the circulation of the blood. An affection which is
caused by a disease may be transient, passing away with recovery
from the disease, or it may persist for a certain time after recovery,
or it even may be permanent.

2. Disease is an active process depending essentially on
altered activities of some of the cells of the body due to the pres-
ence of abnormal stimuli. The cells are thus impelled, not to do
new things, but to do too much or too little of the things they
normally do, and the harmonious interplay of their activities is
interfered with. All the cell faculties may be affected, nutrition,
oxidation, secretion, and reproduction. The death of some cells,
the active reproduction of others, and profound nutritional
changes in still others give rise to visible tissue alterations,
which we know as organic changes, and these in turn may become
the basis of an affection.

When disease gives rise to structural change in any tissue of

b
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the body, we speak of it as an organic disease. When altered
cell activities are present without recognizable tissue changes, we
speak of the disease as functional.

An acute disease is one of sudden onset and short duration,
measured by days or weeks. A chronic disease is one of long
duration, measured by months or years. A chronic disease may
have an acute onset. There is, of course, no exact time limit, and
subacute or subchronic are used as intermediate terms. A disease
may be local or topical, or it may be general or constitutional,
according as the disturbance involves a part only or the whole
body. A complication is a disturbance occurring during the
course of a disease, arising from a cause wholly or in part different
from that of the disease itself. Sequel® are the late and remote
effects following an attack of disease. Specific disease is a term
which, though susceptible of a wider meaning, is commonly used
as a synonym for syphilis or lues.

3. Etiology means the study of the causes of disease. An
important distinction is made between a predisposing cause, or
one which renders an individual more susceptible to an attack
of disease without actually producing it, and an immediate or
exciting cause. Exposure to cold is a predisposing cause of
pncumonia; the exciting cause is the invasion of the pneumo-
coccus. The exciting causes of disease are those agents which
give rise to the abnormal stimuli acting on the body-cells. They
may be mechanical, chemical, physical, or living agencies inimical
to the cell, or disease may be caused by the absence or the pres-
ence in excess of substances normally used by the cell. The
interaction of stimuli between the groups of cells, which make up
the glands and other organs, plays a role of great importance in
the complex manifestations of discase.

4. A lesion is any organic tissue change. Various types of
lesions are given special names. Hypertrophy is overgrowth or
increase in bulk of a cell or tissue. Atrophy is shrinking or
wasting. Necrosis is the death of the cells of a part of the body.
Degeneration is a term used to describe many forms of nutritional
changes in the cells resulting in partial or complete loss of their
normal activities. Regeneration is the rebuilding or renewal of
normal tissue cells. Cicatrization is the filling of a defect with
fibrous or scar tissue, such as occurs in the healing of wounds.
Infiltration is the distention of the spaces between the cells with
fluid or with other cells, such as the lecucocytes. Metaplasia or
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heteroplasia are different forms of a rare condition, namely, the
growth of normal tissue in the wrong place, as the growth of
bone in tendon, cartilage, or muscle. Neoplasia is the formation
of new-growths or “ tumors ”’ (neoplasms).

Local functional disturbances occur without alteration of
tissue structure. Hyper@mia is an increased flow of blood to a
part. Passive congestion is a damming back of the blood in a
part. Stasis is a checking of the blood flow. Local an®mia is a
diminution of the normal amount of blood in a part. Anssthesia
of the skin is a loss of sensation in a local area. Hyper®sthesia
is an increased sensitiveness to touch and pain.

5. Symptom.—A symptom is any recognizable manifestation
of disease, or of altered function resulting from an affection.
When a symptom is manifest only in the consciousness of the
patient, it is called a subjective symptom; when it is manifest
in any manner to the observer as well as to the patient, it is an
objective symptom. Thus nausea is a subjective symptom;
vomiting is an objective symptom; pain is a subjective symptom;
the observable manifestations of pain, the cry, the facial expres-
sion, the shrinking from pressure on the painful area, are objective
symptoms. .

A pathognomonic symptom is one which is known to indicate
one particular disease condition and one only. A premonitory
or precursory or prodromal symptom is one which tells us before-
hand what is going to happen. They are, in other words, the
earliest manifestations of disease which appear before the disease
condition has developed sufficiently to be recognizable. Local
or topical symptoms are those which occur in a particular part
or organ of the body. General or constitutional symptoms are
those which cannot be referred to one locality, such, for example,
as fever, restlessness, or insomnia. Symptoms may be classified
according to the part of the body in which they are present, as,
for example, abdominal symptoms, gastric, renal, or pulmonary
symptoms. Or, they may be classified according to the physio-
logical system involved, as respiratory, circulatory, digestive,
sensory, or motor symptoms. A localizing or focal symptom is
one which indicates the exact locality of a lesion, particularly
in the brain or spinal cord. A consistent group of symptoms
characteristic of a particular disease condition is spoken of as a
symptom-complex or syndrome.

6. Physical signs are the recognizable manifestations of
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structural or organic change, that is of an affection. They are
always objective in character and in many cases can be recog-
nized only by a skilled and practised observer.

Physical signs are recognized by the senses of sight, touch, and
hearing. By inspection we note the general condition of the
patient as regards nutrition, the presence of altered contours of
the body, local swellings, changes in the color or texture of the
gskin and mucous membranes, motor disturbances, the facial
expression, and so on. By palpation we learn through the sense
of touch whether any part is harder or softer than normal, the
size, shape and mobility of tumors, the presence of fluctuation
indicating fluid, and of areas that are painful on pressure. By
manipulation we detect limitation of motion in joints, abnormal
points of motion such as occur in fractures, and so on. In men-
suration we use the tape line to obtain exact measurements,
usually comparing the two sides of the body. The sense of hearing
is used in auscultation to determine the character of sounds
within the body, principally in examination of the heart and
lungs. In percussion the ear detects differences in the resonance
or sounds produced by a blow with the fingers upon the surface
of the body. This is used almost exclusively in examination of
the chest and abdomen.

7. Signs.—The word sign is used to describe certain single
symptoms or physical signs, usually elicited by some special
manipulation or procedure, and supposed to be pathognomonic
of some particular discase or affection.  Many of these signs have
not proved to be susceptible of any rational explanation, but
have been observed to be present more or less constantly in cases
of the disease in question.  Very many such special signs have
been deseribed, of varving value and importance, and they are
usually known by the name of the discoverer. For example,
Kernig's sign in spinal meningitis consists in the fact that the
knee cannot be fully straightened when the thigh is placed at
right angles to the trunk.  Graefe's sign in exophthalmic goitre
is the failure of the upper lid to move with the eyeball in glancing
downward.

Evidence of the greatest value as to the character of disease
is also to be obtained by both chemieal and mieroscopical exami-
nations in the laboratory of the blood and the various exeretions,
particularly the urine, sputum, and fwces.

8. Diagnosis and Prognosis.—Diagnosis is the act of deter-
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mining the character of a disease and of the lesions and affections
produced by it. Described in the crudest form, it is the act of
distinguishing one disease from another. Prognosis is the esti-
mation of the probable course, duration, and outcome of a disease.
Diagnosis in many cases is a complex and difficult problem, for
the manifestations of disease are very variable, the physical signs
often obscure, and many symptoms or even groups of symptoms
may arise from widely different causes. Clinical diagnosis is
that based on the symptoms of the disease, physical diagnosis
is based on the physical signs. Pathological diagnosis is that
based on an examination of the tissues and organs after death.
Differential diagnosis is made by contrasting the symptoms and
physical signs of two diseases that are liable to be mistaken for
each other. A presumptive diagnosis is one based on a few
prominent symptoms. A provisional diagnosis is one made with
a mental reservation, to be changed if further evidence presents
itself.

9. Treatment is the application of any measure designed to
assist in bringing about the cure of disease, or relief of its symp-
toms, or to correct a disturbance of function arising from an
affection. Therapeutics or therapy is the general term for all
forms of the treatment of disease. Empirical treatment is any
form which we have learned by experience to be efficacious with-
out knowing the reason why. Rational treatment is that based
upon reasoning from the known facts about the disease or its
causation. Treatment is spoken of as radical when it is directed
to the removal of the cause of the disease, symptomatic when
its object is the relief of the symptoms only without any attempt
to remove the cause, palliative when it is not expected to cure
the disease but only to hold it in check, supporting when it is
mainly directed to sustaining the strength of the patient. Specific
treatment is the use of a single remedy which has a definite
curative action upon a certain disease; for example, quinine in
malaria, mercury and salvarsan in syphilis, diphtheria antitoxin
in diphtheria. In the treatment of disease it is quite as important,
to know when to let nature alone as when to try to aid her, and
this attitude is expressed by the term “expectant treatment.”
Active treatment, on the other hand, consists in the vigorous use
of strong remedies.

10. Pathology is the science which treats of the changes that
take place in the body as the result of disease. It deals both with
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alterations of appearance and structure in the tissues and organs,
and with disturbances of function in various parts of the body
mechanism. The causes of disease also come within its scope in
finding an explanation of the manner in which different harmful
influences act upon the body. Gross pathology, or pathological
anatomy, treats of changes in the tissues that are visible to the
naked eye. Pathological histology, or cellular pathology, is con-
- cerned with changes in the individual cells as seen under themicro-
scope. Changes in the body functions resulting from disease
constitute a very important part of pathological study and this
department is described bythe rather awkward term “pathological
physiology.” Surgical pathology is the pathology of surgical con-
ditions; t.e., of those diseases and affections which are amenable
to surgical treatment. This latter is obviously a very artificial
subdivision. Pathological processes are not capable of separate
classification according to the methods of treatment that happen
to be applicable to them, but the term is convenient as designating
a limited part of the field when discussed in surgical treatises.

II. THE MEANING OF PATHOLOGICAL CHANGE

Every pathological change is the result of changes in the activ-
ities of some of the cells of the body, brought about by various
forces which act as stimuli upon the cells. The normal body is
of course the seat of incessant change, and very many pathological
processes can be paralleled by changes which occur normally in
the body. It is impossible to frame a concise definition of so
complicated a subject that is not open to criticism, but a helpful
point of view in understanding the meaning of pathological
changes may be obtained if we say that the difference between
health and disease consists largely at least in the fact that in the
normal condition a certain balance is maintained in the activities
of the cells, whereas in diseased conditions this balance is de-
stroyed. Such a disturbance of balance manifests itself in a
variety of ways. For example, the nceds of the organism as a
whole continually require that one or another group of cells shall be
called upon temporarily for extra work. The organism is so consti-
tuted that in such a case influences automatically arise which urge
these cells on to work. When the extra work is done or is no longer
needed other influences come into play which restrain the cells.
Thus the organism (e.g., the human body) is able to carry on its
functions normally in spite of changing environment, by what may
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be called a properly balanced adjustment of its cell activities. If
either the urging influences (exciting stimuli), or the restraining
influences (inhibiting stimuli), are increased or suppressed from
any cause, then the cells either fail to do the work needed, or
they continue in riotous and undisciplined activity. Examples
of such disturbance in the equilibrium of cell activities are in-
numerable in disease. In fevers the rise of temperature and the
rapid heart action are manifestations of abnormal increase in
cell activity, and the depressed secreting activity of other cells
is seen in the dryness of the skin and mucous membranes. But
a disturbed balance may be shown to be the cause not only of
functional changes but of visible physical changes as well. Thus
in the healthy body fluid is constantly leaking through the walls
of the capillary blood-vessels into the spaces between the cells
in the tissues. This fluid bathes the individual cells, furnishes
them with nutriment, and carries off their waste products.
Normally the fluid is carried off exactly as fast as it comes in,
passing along the lymphatic channels, from which it eventually
returns to the blood stream, while a part is thrown off in the
form of excretions from the skin, kidneys, etc.; if, however, less
is carried off than comes in, this fluid accumulates in the tissue
interspaces; they become soggy with watery fluid, and we have
a pathological condition known as cedema. Physical changes in
individual cells are also due in many cases at least to a similar
disturbance in balance. Thus every cell in performing work
gives out energy, and in doing this it must use up some of its
own substance in chemical change. This used substance must
be replaced by an equal amount of substance taken into the cell
from the material surrounding it. The work of the cell may be
done quietly and almost continuously, or it may be done with a
sudden explosive exercise of energy, as in a violent muscular
exertion. In the latter case a period of rest must follow for the
cell to restore the substance that has been used up. In either
case an exact balance must, in the long run, be maintained
between what is used up and what is taken in, if the cell is to
maintain its normal life. If more is used up than is taken in
the cell will waste away. If more is taken in than is used the
cell will increase in size. In many chronic discases particu-
larly, alterations in the nutrition of cells give rise to a variety of
transformations in cell substance which are known as degenera-
tive changes. We know so little about the complex chemistry
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of these processes that no general statement can properly be
made in regard to them, but if these degenerative changes are
due, as is possible, to an excess or insufficiency in some one
link in a chain of chemical reactions normal to the cell, then we
should have here also an example of altered balance as a cause
of pathological change.

III. THE CAUSES OF DISEASE

All the causes of disease may be classified as either mechanical,
physical or chemical in nature; 7.e., every change in cell environ-
ment must in the last analysis fall under one of these divisions.
It is far from being true, however, that we are able to place all
the facts known about disease causation in so simple a classifica-
tion. Consider, for example, such problems as inherited abnor-
malities, irregularities in nutrition, overwork and disuse, pre-
disposition and susceptibility, the influence of sex, life period,
occupation, etc.: these and many other factors in causation are
80 exceedingly complex in character that any simple systematic
classification of them is quite impossible. We can consider here
only some of the more obvious causes which give rise to conditions
of disease.

1. Mechanical Causes.—Trauma, or direct mechanical injury,
is of course one of the most common causes of abnormal condi-
tions of the body calling for surgical treatment. Wounds, frac-
tures, dislocations, sprains, bruises, and a variety of internal
injuries are produced by direct external violence. In all of these
there is destruction of tissue cells, rending of anatomical struc-
tures, always including blood-vessels, with an escape of blood
externally or into the tissue spaces. The reaction of the tissue
cells to such a local injury constitutes one of the most important
parts of surgical pathology, and will be considered in a later
paragraph. Mechanical pressure is a potent cause of harm, having
many manifestations. The first effect of pressure upon a tissue
is to squeeze out the fluid contained in it; the cells, being depend-
ent upon the continuous flow of this fluid about them for their
nourishment, die if it is withheld even for a few hours, and the
result is therefore death of tissue in the compressed area: a
condition called in this case sloughing or gangrene. Thus, if in
putting up a fracture a splint is allowed to press too tightly upon
the skin, particularly over a point where a bone lies near the
surface, the result will be a sloughing of the skin and underlying
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tissue. Long-continued pressure not severe enough to shut off
the circulation entirely has a different effect. The cells of the
part undergo what is known as atrophy; t.e., they waste away.
Even a solid tissue like bone will thus melt away by pressure
atrophy from the presence of a growing tumor or an aneurism.
On the other hand, pressure applied to a part not continuously
but at intervals may stimulate cell growth and cause a thicken-
ing on the part, as in corns and bunions on the calloused hands of
the workingman. Many surgical conditions can be attributed
to mechanical disarrangements within the body which are not
due to external violence. For example, a strangulated hernia
is due to a purely mechanical cause. A loop of intestine is
pinched in the narrow neck of the hernial sac so that its circu-
lation is cut off, with a resulting gangrene unless relieved by
operation. All the forms of intestinal obstruction, whether by
adhesion bands, kinks, volvulus (twisting), intussusception (tele-
scoping), impaction or the growth of a tumor, come under this
head; so also do cases of obstruction in other tubular organs,
such for example as the plugging of the outlet ducts of glands
giving rise to retention cysts, or the shutting off of the flow of
urine from the kidney to the bladder due to a stone lodged in
the ureter. Displacements of abdominal organs due to relaxation
of their supporting tissues (splanchnoptosis) give rise to a peculiar
group of symptoms (Glénard’s disease), including dyspepsia,
constipation and neurasthenia.

2. Physical Causes.—These include the effects of tempera-
ture (heat and cold), light, electricity, X-rays, radium rays. The
human organism is almost perfectly adapted to light of any inten-
sity to which it can be subjected, and to a very wide range of
temperature. The other forces mentioned rarely act as causes
of disease. We need consider here only the effects of extreme
degrees of heat and cold. Burns are classified as to severity in
four degrees. In the first degree there is simple redness of the
skin; in the second degree there is a separation of the superficial
layers of the skin by effusion of serous exudate from the blood
with the formation of blisters. In the third degree the deeper
layers of the skin are destroyed, and in the fourth degree the whole
thickness of the skin and part of the underlying tissue are charred.
A second-degree burn of half the surface of the body or a third-
degree burn of a much smaller area is always fatal. Healing of
extensive burns of the third degree often gives rise to serious
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deformities due to the contraction of the scar. The thermal
death point of tissue cells is less than 130° F., so that water bottles
which do not feel very hot to the hand may cause deep burns if
left in contact with the skin of an unconscious patient for even
a short time.

Tissue cells are much less susceptible to destruction by cold
than by heat. Local tissues, as of the hands or feet for example,
may even recover after being frozen, provided that the thawing
process is very gradual and that the brittle frozen tissues are
not injured by manipulation. Frost gangrene occurs as a result
of mechanical injury to the frozen tissue, and of too rapid thaw-
ing leading to paralytic stasis of the circulation. On the other
hand, the changes of temperature which the organism as a whole
can survive are comparatively narrow. The reason is that any
marked variation from the normal (or optimum) temperature
inhibits cell activity, and if the action of certain cells, such as
those which control respiration and the heart action, becomes
suppressed death ensues. Thus a fall of the body temperature
of even four or five degrees below the normal is apt to be asso-
ciated with alarming symptoms of collapse, and a fall to ordinary
room temperature (70° F.) is always fatal. In fever a rise of
temperature to 106° F. is of grave omen: a rise to 109° F. is
practically always fatal, though a few anomalous cases of higher
temperature have been recorded.

3. Chemical Causes.—Since the activities of living cells are
so largely chemical, it is obvious that they are likely to be pro-
foundly affected by any marked change in the character of the
chemical substances which surround them. The word “poison”
presents a familiar idea of the harmful effect of a chemical sub-
stance upon a living organism. A change in the chemical en-
vironment of a cell, like any other change, is spoken of, with refer-
ence to its effect upon cell activity, as a stimulus, which must, as
has been pointed out, influence a cell in one of two ways only, t.e.,
by exciting or inhibiting activity, although there may be first an
increase and later a suppression of activity, Different kinds of
cells are of course differently affected by any one chemical sub-
stance, some being more susceptible to it than others. This fact
is taken advantage of in medicine by the administration of vari-
ous drugs with the purpose of increasing or diminishing one or
another form of cell activity. Thus we relieve pain with mor-
phine, suppress consciousness with ether, increase the secretions
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in the intestinal canal with cathartics, etc. Poison is therefore
a relative term, since the harmful effect of a substance depends
on the dosage and sometimes on other factors. Even distilled
water is a deadly poison when introduced in quantity directly
into a vein, whereas water containing from six- to nine-tenths of
one per cent. of common salt (the so-called ‘“normal” salt solu-
tion so much used in surgery) has no ill effect.

The poisonous substances which give rise to disease arise from
various sources. They may be introduced from without, as with
the food or drink or with the inspired air. They may be produced
in the digestive canal by the fermentative action of saprophytic
bacteria. Other poisons are produced within the tissues of the
body by the secretions of invading pathogenic microérganisms.
The disintegration of dead tissue cells, such as result from burns
orother injuries or from disease, gives rise to poisonous substances.
Finally the body may be poisoned by its own secretions, either
by the reabsorption of retained excretions or by excessive activity
of certain glands, or by the failure of the cells of some organ to
do their part in the complex chemical changes which normally
go on within the body.

1IV. CHANGES IN CELL ACTIVITIES

The many kinds of cells which make up the various tissues
and organs of the body are so interrelated in their activities that
it rarely if ever happens that one set of cells can be deranged in
their action without effecting changes in other groups throughout
the body. The normal body is continually adjusting itself to
changes in its environment, and the altered activities of cells
whichoccur in disease are veryoften of the samekind asthose which
occur normally; 2.e., the organism is attempting to adjust or adapt
itself to the abnormal situation, but in the case of a diseased con-
dition with only partial success. Changes such as these may be
called adaptive changes in the activities of the body-cells.

On the other hand, certain groups of cells may be directly
stimulated to an abnormal activity which has no adaptive quality.
These we may call perverted changes in cell activity. It is, how-
ever, by no means always possible to distinguish in diseased
conditions between adaptive and perverted changes.

1. Adaptive Changes.—These are very numerous in patho-
logical conditions, and it is of the greatest importance to be able
to understand as far as possible their significance.

5
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Ezamples of Adaptive Changes.—There is no sharp line be-
tween the adaptive changes which occur in health and in disease.
For example, the flushed face, the gasping breath and the quick-
ened pulse which are manifest after a hard run or other muscular
effort are adaptive changes which are seen also in scarcely altered
form in such a disease as pneumonia and in other pathological
conditions. The phenomena which accompany an attack of acute

_peritonitis furnish a remarkable example of the organism adapt-
ing itself to an abnormal situation. Infectious material intro-
duced from without or escaping from the intestinal tract at one
locality within the abdomen would be rapidly spread throughout
the peritoneal cavity by the movements of the intestinal coils
which occur normally in the process of digestion, and by the
action of the abdominal muscles. It is for the greatest advantage
to the organism that such scattering of the infectious material
should be prevented and that it should be confined as far as
possible to one locality. All the phenomena which appear there-
fore are such as will contribute to this end. The muscular walls
of the intestines are paralyzed and motion of the coils ceases.
Distention with gas increases the fixation of the intestinal coils.
The abdominal muscles also are held with a board-like rigidity.
Local pain and tenderness make a constant and imperative
demand upon the attention to insure voluntary effort to keep
this region quiet. If food is taken vomiting ensues to prevent its
passage into the intestinal tract. Locally in the infected region
inflammation is inaugurated, itself a notable example of adaptive
change whereby the surrounding coils of intestine become ad-
herent and the infected area is rapidly walled off from the sur-
rounding parts.

Compensatory changes are those whereby (a) one group of
cells take up and perform the work of other cells (of the same or
even of a different kind) which have been destroyed or whose
function has been impaired; or (b) where certain cells increase
their activity in response to a special need. Thus if one kidney
is removed the other does double work and may increase in size.
If the spleen is removed other organs, perhaps the lymph-nodes,
take up its work and the animal continues in health. One lung
can readily do the work of two. Hypertrophy of the heart
muscle is an example of the second type of compensatory change,
being adapted to overcome increased resistance at some point in
the circulation. If a blood-vessel is obstructed other smaller
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vessels in the neighborhood dilate till they are able to carry the
full volume of blood, forming what is known as the collateral
circulation.

Primary adaptive changes occur in an accidental or operative
wound. When living tissues are divided by a wound a large
number of blood-vessels (arteries, veins and capillaries) are
severed, and this condition calls for the immediate inauguration
of adaptive changes, which to be effective must serve two ends:
first, to check the escape of blood, and, second, to preserve un
impaired the flow of blood to the tissues which the severed
vessels originally supplied. The first end is accomplished by
changes in the blood resulting in what is known as clotting,
whereby the fluid blood becomes changed into a firm jelly which
plugs the vessels and checks the escape of fluid blood. This
chemical change in the blood is a very complex one due to the
giving off, from cells in the blood and from tissue cells, of certain
substances which then unite with another substance dissolved in
the circulating blood to form the fibrin that constitutes the clot.
The second end is attained by the compensatory action already
referred to, t.e., the dilatation of the adjacent vessels to carry
on the blood stream into the area to which its flow has been inter-
rupted. These two adaptive changes are essential conditions
for the success of operative surgery. Without the first every
wound would result in fatal hemorrhage. In practice it is neces-
sary to assist nature by the temporary closing of the larger vessels
by means of clamp and ligature until the clot has formed. This
means of checking hemorrhage, however, is by itself of no avail
when, as happens in certain individuals (bleeders), the clotting
adaptation fails. Without the second adaptation large areas of
sloughing tissue would result from every extensive wound. Such
sloughing of tissue, more or less extensive, does in fact occur at
times as the result of injudicious or unavoidable interference with
the circulation by a surgical operation.

Inflammation is defined as ‘“the condition into which tissues
enter as a reaction to irritation” or injury. It is an adaptive
reaction of the greatest interest and importance which can only
be briefly outlined here. The process can be actually seen at
work in the classical experiment of placing the web of a frog’s
foot, or a portion of the mesentery drawn out of the abdomen,
under the lens of the microscope, and irritating the surface of
the tissue by a slight scratch (Figs. 25 and 26). Through the
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thin transparent membrane the arteries, veins, and capillaries
can be clearly seen with the blood stream flowing through them.
The pulsating stream through the arteries is distinguishable, and
the continuous flow through veins and capillaries. In the capil-
laries the individual blood-cells or corpuscles can be seen as they
pass in single file, but in the larger vessels these are seen only as
a swiftly moving mass. The first change observed as the result
Fia. 25. Fia. 26.

Frog's mesentery, normal. Frog's mesentery, inflamed.

F1a8. 25 and 26.—a, small vein; bb, dd, nerve-fibres: ¢, capillary; ee, connective tissue
(in Fig. 12 filled with migrating leucocytes). (Agnew.)

of the irritation is a dilatation of the vessels with a more rapid
flow of the blood stream; later the rapidity of the flow is dimin-
ished and in places it becomes actually stagnant, with an occa-
sional backward and forward motion of the mass of free blood-
cells. Through the thin walls of the capillaries there is an escape
of the fluid part of the blood which distends the spaces in the
tissues between the blood-vessels. The cells of the blood, red
and white, particularly the leucocytes, also make their way
through the capillary walls and wander free in the tissue inter-




SURGICAL PATHOLOGY 69

spaces (Fig. 27). Later (this, however, is not readily visible in
the living tissue) the local connective-tissue cells have their
reproductive power stimulated, new ceils are produced and new
capillary blood-vessels are formed.

These changes seen in the frog’s mesentery under the micro-
scope readily explain the familiar phenomena of inflammation,
with its cardinal signs of heat, redness, swelling and pain, as
seen on the surface of our own bodies, for example in a boil.
The redness of the skin and the local heat are due to the dilatation
of the vessels and the consequent increased flow of blood to the
part, while the swelling and pain are due to the great distention
of the tissue interspaces with the inflammatory exudate. When

F1a. 27.—Emigration of leucocytes. The arrow shows direction of blood-current. (F.
C. Wood, M.D.)

mechanical injury alone is present, uncomplicated by bacterial
invasion, the inflammatory reaction is relatively slight and under
these conditions identical with the first stages of the healing
process, to be presently described, whereby repair of the injured
tissue is effected. When, however, septic bacteria have found
lodgement in the injured tissues the reaction becomes greatly
intensified; the amount of the exudate, both fluid and cellular,
is largely increased, constitutional symptoms, including fever and
other disturbances, appear, and the rile of these adaptive changes
becomes extended beyond the mere repair of the injury to an
active defence against the action of the invading bacteria.

The Healing Process.—The reaction by which injured tissues
are repaired and the loss of tissue restored is an adaptation of
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vital importance to the organism and one that is almost constantly
going on in some part of the body, as in the familiar rapid healing
of superficial cuts and abrasions on the surface of the skin. It
may therefore be considered a normal process when uncomplicated
by conditions which retard it, such as infection. It is a highly
efficient process within certain limits, but these limits are rather
sharply defined. In general it may be said that only the sim-
pler tissues are capable of restoration by the healing process.
Highly differentiated cells of complex function, such as those
of the central nervous system and the muscles, are incapable of

F1a. 28.—Section through skin of mninea-gi( eight hours after a wound: a, the wound,
filled with clot, the eapillaries thrombosed on both sides; round-cell infiltration; be, sweat-
gland; d, hair-follicle.  (Shakespeare.)

restoration. When such cells which are incapable of restoration
have been destroyed the gap is filled by new connective tissue,
forming what is known as a scar. Healing is more rapid in the
young than in the old, and in individuals with impaired health
the process may be more or less retarded.  We will consider
briefly what takes place in the healing of a wound.

The earlier steps of the process are those which have been
described under inflammation.

Whenever any tissue of the body has been wounded, the
injury acts as a stimulus upon the cells of the part, calling into
activity certain of their faculties, principally those of reproduction
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and of motion. Several varieties of cells are thus set to work in
the reparative process. The most active part appears to be
taken by the connective-tissue cells, whose function it is to
build up everywhere the solid framework of the body. The
cells which form the capillary blood-vessels and the epithelial
cells of the skin participate in the process, as do also in another
way the free-moving white cells of the blood, or leucocytes.

The first thing that happens is a temporary cementing or
gluing together of the wound surfaces by the coagulated fibrin
formed by the blood which oozes from the divided capillaries
(Fig. 28). The connective-tissue cells on each side multiply

F10. 29.—The same at a later stage. The clots on the capillaries almost removed, new
vessels forming towards the gap, new connective-tissue spindle-cells replacing the round
oells. The epithelium has united on the surface. (Shakespeare.)

by division, closing in the space between the wound surfaces
with an interlacing mass of new cells. The cells which form the
walls of the capillary blood-vessels increase in number, and loops
of new-formed capillaries push across the gap to unite with
similar loops from the opposite side (Fig. 29). The epithelial
cells of the skin also have their reproductive powers awakened,
though somewhat more slowly, new cells being formed which
bridge the incision at the surface (Fig. 30). Meantime, beginning
almost from the moment of the injury, the leucocytes are stim-
ulated to more active motion and are attracted in large numbers
to the wounded area. By virtue of their so-called power of
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amceboid movement they force their way through the walls of
the smaller blood-vessels and into the tissue spaces (Fig. 27) in
the vicinity of the injury, where they exercise their ‘‘ phagocytic”
power to eat up and carry away fragments of dead tissue cells
and other débris, including the fibrin which provisionally ce-
mented the wound surfaces and even bacteria or other alien cells,
if any have found their way into the wound. The secretions of
the leucocytes also digest and liquefy the dead matter in the
wound, and the absorption of fluid material passing into and
carried away by the blood stream aids in the process of cleaning

F1a. 30.—The same later. The gap filled with new connective tissue and young blood-
vessels (Shakespeare).

up. By the end of the third to the fifth day the divided tissues
are practically reunited and there remains only to be accomplished
the slower process of the formation of intercellular substances
by the connective-tissue cells to consolidate the scar (Fig. 31).

Healing by granulation so called occurs where an open wound
with widely separated edges is filled up with new-formed tissue
(Fig. 32). The process is essentially the same only with a more
extensive formation of new tissue and a much slower accomplish-
ment.

Defences of the Body Against Infection.—When an infection
occurs a series of reactions within the body is inaugurated varying
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with the character of the infection itself and also with other
factors, such as the locality of the invasion and the powers of
resistance of the individual. These reactions are partly adaptive,
tending to protect the body from harm and to aid in its restora-
tion to a normal condition, and partly also due to altered cell
activities which have no adaptive quality. The weapons of attack
of the invading cells are chemical in nature. It is by the poisonous
products of the invaders that the tissue cells are injured. These
harmful chemical products produced by the invading cells are

F1a. 31.—Cicatriz formed in the wound, the young blood-vessels having disappeared
(Shakespeare).

of several kinds; for example: (1) poisonous secretions extruded
by the infecting cells known as toxins; (2) ferments or enzymes
which have the power of disintegrating and dissolving living and
dead tissue cells; (3) poisonous products resulting from the dis-
integration of dead tissue cells or dead cells of the infecting
organism.

The symptoms or manifestations of infectious disease, the
high fever, the chills, the digestive and nervous disturbances.
the weakness and rapid emaciation, and sometimes the local
signs of inflammation indicate a very profound derangement of
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the normal functions of the body. Even to the most superficial
observation there is a suggestion of a struggle between the disease
and the forces that tend toward health, or, to speak more defi-
‘nitely, between the cells of the body and the mvadmg cells. The
very fact that recovery ever takes place at all is in itself conclusive
evidence of such a struggle. What, then, are the means of
defence which the cells of the body are able to employ against
the invaders?

F1a. 32.—Healing of a wound by granulation: a, layer of fibrin, leucocytes, and detri-
tus over surface of granulations; b, advancing edge of epidermal cells from skin; ¢, akin at
edge of wound; d, corium with some inflammatory infiltration; ¢, blood-vessel in normal
tissue differing in its structure from those in the granulation tissue; f, blood-vessel in latter
with a leucocyte emigrating through its walls; g, new connective-tisaue cells, called fibro
blasts; A, points to an epithelial cell, and on the other side of A are two cells in process of
division, showing their rapid growth. (F. C. Wood, M.D.)

These appear to be of two kinds: (1) those by which the alien
cells are destroyed or their growth is checked, and (2) those by
which the poisonous products of the infecting organisms are
neutralized and rendered harmless. Thus the body-cells possess
both offensive and defensive weapons in their battle with the
invading enemies. There are two ways in which the infecting
cells may be destroyed after they have entered the body. One
is through the presence in the blood of substances which are
poisonous to them. Such substances are normally present in
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the blood; they are the result of chemical activities of the body-
cells, and there is evidence that they are produced in increased
amount as a result of the presence of the infection.

The invading cells may also be killed by the direct attack
upon them of certain of the cells of the body, which literally
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Fia. 33.—Varieties of colorless blood-cells seen in normal human blood: a, small lym-

phocytes; b, large lymphocyte or mononuclear leucocyte; ¢, transitional leucocyte; d,
polymorphonuclear ytes; e, inophile; /, red cells. X 900.

seize and devour them. Beside the highly specialized fixed cells
which make up the various tissues and organs of the body, there
are other cells which are not fixed, but detached and free, and
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F1a. 34.—Ameba coli (Entamaba dysenterie), common form. X 400.

are carried about in the ceaselessly flowing blood stream. These
cells are of two kinds which exhibit a remarkable contrast in the
character of their activities (Fig. 33). The red corpuscles of
the blood are perhaps the most highly specialized of all the cells
of the body. They can do one thing only, take up oxygen from
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the air and carry. it to the tissue cells. They have lost all the
other powers of the cell and even the most essential part of the
cell structure, the nucleus. On the other hand, the white cells
of the blood, or ‘‘leucocytes,”” appear to be the least differentiated
and specialized of any of the cells. They rctain all the activities
that single-celled organisms possess. In their appearance and
behavior they strikingly resemble certain forms of unicellular
organisms known as amcebsa (Fig. 34) which are found in stagnant
water. These organisms have a peculiar method of movement,
by a process of thrusting out a portion of the protoplasm of the
cell body and of enclosing particles of food material which then
become digested and dissolved. The cell folds itself about a
solid particle of food material, much as one may wrap a piece
of putty about a pea. Around the food particle within the cell
body there then forms a small cavity or vacuole, into which there
is apparently secreted from the cell protuplasm digestive juices
which dissolve the food and prepare it to be assimilated. With
reference to this faculty such cells are designated by a name which
signifies “cells that eat.”” They are called ‘phagocytes’” (Fig.
35). The leucocytes possess this same power of amaba-like or
amaboid movement; and it is a part of their normal activities
to take up and dispose of dead and waste and foreign material
in the blood stream and tissue interspaces, and when infection
takes place they exercise this phagoeytic power upon the invading
cells. They thus take up and destroy both dead and living
bacterin and other organisms. This form of activity of the
leucocytes, known as phagocytosis, is in many cases heightened
during infection as a result of stimuli brought to bear upon them,
direetly or indirectly, through the presence of the alien cells.
There is a close relation between these two offensive means which
the body-cells employ against infection, and together they play
a most important part in the struggle.

Another of the defensive activities of the body-cells is the
formation of antitoxins, which, as we have indicated, do no
harm to the infeeting organisms, but render them harmless by
neutralizing their poisonous seeretions or toxins. The formation
of antitoxin is also an example of the use of certain normal activi-
tics of the body-cell as a means of defence against infection.
A beautiful explanation of this is furnished by the celebrated
side-chain theory of Ehrlich. In the process of nutrition the
cell must first seize upon the ultimate particles or molecules of



SURGICAL PATHOLOGY 77

food substances and fix them to the cell, later incorporating
them into the cell substance through chemical changes. It must
be remembered that we are here dealing with the ultimate
chemical structure of cell substance, which is infinitely below
the limits of visibility. The actual manner of fixation, therefore,
we cannot know, but must picture it to our minds in a somewhat
crude mechanical form.
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Fia. 35.—Phagocytosis. Destruction of a plasmodium malari® by a lcucocyte in
human blood. The figurcaindicate the time of observation, the whole process lasting 1 hour
and 25 minutes. (F.C. Wood, M.D.)

We may thus think of the molecules which make up the cell
protoplasm as possessing little rods or chains projecting from
their sides, each furnished at the end with a locking device of a
certain shape exactly fitting a corresponding locking device
attached to the molecule of food substance. To use a homely
illustration, it is as if the two were supplicd with a set of hooks
and eyes of a special pattern. These side chains of the cell
molecule are called receptors, or, to indicate their function of
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fixing nutritious substances to the cell, nutrireceptors. Now
the toxin molecule is peculiar, in that it has a locking device of
exactly the same shape as that of some variety of food molecule;
its eye fits the nutrireceptor’s hook, but the rest of its structure
is wholly different from that of the food molecule. It is not
only unavailable as food, but it is a deadly poison to the cell.
When a toxin molecule has once become fixed to a receptor they
cannot be separated, but the cell has one way left of getting rid
of its dangerous incumbrances. It breaks off and sets free the
receptors to which toxin molecules are attached. New receptors
are then formed to take the place of those lost, and, by a well-
known law of nature’s bounty, they are formed in great excess
over those lost. Many of the over-abundant, new-formed recep-
tors are crowded off and become free in the blood stream. Here
they encounter and fix the free toxin molecules before they have
had time to reach the cells, thus rendering them harmless. These
free and detached receptors in the blood form what we know as
antitoxin.

In all that we know about its powers of resistance against
discase, there is nothing to suggest that the body is supplied
with a special defensive mechanism designed or adapted for
that purpose alone. What happens is that the cells are stimulated
by the invaders to increase (or sometimes to decrease) certain
activities that they are constantly exercising in the condition of
health, activities of motion, of reproduction, or of chemical
change, such as are normally concerned with the nutrition of
the cell or with its oxidating or secreting power.

Perverted Activities of Cells.—These are those which are
due to the direct effect of abnormal stimuli exciting the cells to
activity which has no adaptive uses. Notable examples are the
convulsive seizures in tetanus and poisoning by strychnia. The
thyroid gland is excited to over-activity (hypersecretion) in
exophthalmic goitre (Graves’s disease). In other cases its
activity is depressed (hyposecretion), as in myxwdema. The
formative or reproductive activities of cells are apparently per-
verted in the case of rapidly growing tumors, particularly of the
malignant type, and the same is true in certain infectious diseases,
notably syphilis and tuberculosis, where there occurs a rapid
proliferation of cells (hyperplasia) associated with degenerative
changes.
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V. TISSUE CHANGES

Activities of cells are of three kinds: (1) functional, (2) nutri-
tive, (3) formative or reproductive. Increase or diminution of
formative activities gives rise to tissue changes varying from
microscopical lesions to gross anatomical alterations.

1. Constructive Tissue Changes.—We have already con-
sidered the constructive changes involved in the process of heal-
ing or repair. Other examples of constructive change are seen
in hypertrophy and in the formation of tumors.

Hypertrophy.—Simple hypertrophy is an increase in the size
of individual cells. Numerical hypertrophy is an increase in
the number of cells of a part (hyperplasia). Examples of normal
or physiological hypertrophy are seen in the uterus in pregnancy,
in the breasts in laceration, and in the growth of muscles by
exercise ; adaptive hypertrophy in the increase of the heart
muscle when called upon for continuous extra work from any
cause, such as imperfection in the valves of the heart. When
a part of the intestine is constricted for a long time, as by a
tumor, the muscular coats of the intestine above the constriction
hypertrophy. Compensatory hypertrophy is seen, for example,
when one kidney enlarges following the destruction by disease
or the surgical removal of the other kidney. It has already been
indicated that intermittent pressure may cause hypertrophy, as
in ““corns” and calluses. Irritation by abnormal chemical sub-
stances circulating in the blood may give rise to overgrowth of
cells, particularly in some of the infections.

Tumors, or new-growths, -are among the most important
conditions in the human body which are amenable to surgical
treatment.

The formation of a tumor is due to the increased growth of
some of the cells in that part of the body where the tumor origi-
nates, under the action of stimuli the character and origin of
which are unknown. Two of the cell faculties are concerned,
their reproductive power and their power to form those inter-
cellular substances of which all the solid parts of the body are
composed. We divide all tumors into two classes, known as
benign and malignant. In the case of the benign tumors some-
thing like the normal balance between the reproduction of cells
and the formation of intercellular substance is preserved; in
other words, the cells behave like the normal mature cells of the
part. The result is that the new-growth resembles normal
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tissue to some extent, the tumor increases slowly in size, the
formation of intercellular substances fixes the cells in the part
so that there is no tendency for them to infiltrate the surrounding
tissues or for loose cells to be carried away through the lymphaties
or blood stream to start new tumors in other parts of the body
(metastases). Such tumors usually have sharply defined borders.
They do not tend to recur after removal, and their presence
does little harm.

In the case of the malignant tumors, on the other hand, all
the energies of the cells are devoted to the exercise of their repro-
ductive power; the new cells show little or no tendency to the
formation of intercellular substances or to grow to the mature
form of the normal cells. These tumors therefore do not resemble
any normal tissue. The cells are not fixed, and tend to infiltrate
the surrounding tissues and to be carried to distant parts of the
body, to start new tumors there. They invariably cause the death
of the patient, usually within a time varying from a few months
to two or three years. There are two types of malignant tumors
—one (sarcoma) in which the connective-tissue cells are the ones
concerned, and one (carcinoma or cancer) in which the epithelial
cells, such as form the skin and secreting glands, are involved.
The only hope of cure lies in early and complete removal.

2. Destructive Tissue Changes.—Atrophy is the opposite of
hypertrophy, a wasting away of cells or tissues. Atrophy occurs
as a normal adaptive change in involution of the uterus following
parturition. Just as cells increase in size as a result of active
excercise of their functions, so as a result of disuse they shrink
away. A limb fixed in a plaster cast rapidly diminishes in size
from wasting of the muscles, and the same is true of muscles
paralyzed by scection of a motor nerve,  Atrophy resulting from
pressure has been mentioned. A diminished supply of nourish-
ment is & cause of atrophy, both local and general, as seen in
starvation, and so also is malnutrition due to the inability to
utilize food material properly, as in many wasting discases.

Necrosis means the death of cells. In the normal body many
cells are constantly perishing when their usefulness is ended, this
being particularly true of the cells of the blood, red and white,
and of the epithelial cells which clothe the body surface.  All of
these are as constantly replaced by new cells. The causes of
pathological cell death are either toxic or nutritional, t.e., by
the action of poisons or by the deprivation of nour'shment.
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Trauma, extreme degrees of heat and cold, and active chemicals
such as strong acids and alkalies are direct causes of cell death.
The toxins of infectious diseases, such as typhoid and diphtheria,
circulating in the blood, cause necrosis of small groups of cells
here and there in the liver and other organs; this being known as
focal necrosis. It is found also in severe cases of septic disease.
In local areas of septic infection more or less extensive necrosis
of cells always occurs, large sloughs sometimes forming as in
carbuncles. Depriving the tissues of the circulating fluids which
normally bathe them is followed by death of the local cells within
a few hours. The effect of continued pressure has been referred
to as a cause of sloughing, a fact which should be borne in mind
in applying bandages and splints. Gangrene is the death of
large areas or whole parts of the body, such as the extremities,
and is due either to cutting off entirely the arterial supply of
blood or to obstructing the return of the blood through the veins,
as by a tight bandage about a limb. Certain constitutional
diseases, such as diabetes, and also the cutting off of the normal
nerve supply to the part predispose to gangrene.

3. Cell Degenerations.—Perverted nutrition of cells gives rise
to changes known as degenerations. Albuminous materials
(proteids); carbohydrates (starches and sugars); fats; certain
salts and water are the materials entering into cell nutrition.
The degenerative changes connected with each of these can only
be briefly mentioned here. Many of them are named from a
fancied resemblance to familiar substances. Thus among the
degenerations concerned with the proteid elements of nutrition
we have waxy or amyloid (starch-like) degenerations; hyaline
(glass-like); mucoid (mucus-like); caseous (cheese-like); and
colloid (gum-like) degenerations. Fatty degeneration, with
deposit of minute fat globules in the cell body, occurs associated
with damaged cell activity in many conditions. Carbohydrates
taken with the food are stored in the body, for use in the produc-
tion of energy, in the form of glycogen, called animal starch, and
degenerative changes in certain cells are associated with loss of
balance in the utilization of this material. Excessive deposits
of lime and other salts in cell bodies and intercellular substances
constitute what is known as calcareous degeneration. Akin to
this perhaps is the deposit of the same materials in ducts and
passages of the body, forming so-called calculi or stones in various
organs, the urinary bladder, the gall-bladder, and the kidney.

6
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VI. DISTURBANCES OF GENERAL FUNCTION

As a result of these pathological changes in the functional,
nutritional and formative activities of the body-cells there neces-
sarily follow far-reaching changes in the general function of the
body as a whole. All the great systemic divisions of the body are
involved in varying degrees, the digestive, vascular, respiratory,
glandular, muscular and nervous systems. These disturbances,
arranging themselves into various groups or complexes, according
to the nature of their origin, constitute the symptoms of disease,
and the study of these together with the local changes which
accompany them is what is known as clinical (bedside) medicine
and surgery.



CHAPTER V ‘
SURGICAL AND GYNZCOLOGICAL NOMENCLATURE

It is probable that no branch of her studies offers more
constant and troublesome confusion to the student nurse than
do the accumulation and proper comprehension of her profes-
sional vocabulary. And, the medical nomenclature being de-
rived from single and combined Greek and Latin words, this
statement is particularly applicable to those who have not
included a groundwork in the “ dead languages ”’ as part of their
preliminary education.

It will be the effort, in this chapter, to present the methods
of derivation and construction in such a light that the student
will quickly comprehend their application; will readily assimilate
the more usual forms; and will (it is hoped) be so stimulated in
her interest in this line of work that she will feel as lost without
her dictionary as without her thermometer or hypodermic
syringe. In other words, the object will be not to supplant the
dictionary, but to so supplement it that its use will be a matter
of pleasant investigation rather than of tedious memorizing. |

It would, of course, be far beyond the possibilities of a single
chapter to even approximately supply the vocabulary contained
in even the smallest of medical dictionaries. When, however,
once a comparatively small list of root-words, prefixes and suffixes
has been mastered, their methods of combination understood,
and the resulting words (broad in meaning, but simple and regular
in construction) observed, the nurse will be in a position to
build up most of the routine words for herself—or at least to
“ unbuild ” those with which she comes in contact into their
easily recognizable component parts.

General Derivation.—It may be generally accepted that all
strictly medical words are either Latin, Greek, or a combination
of the two. The facts that the earliest traditions of medicine,
as a science, are founded in Greece and that, at a later day,
Latin was the universal language of educated and scientific
people, easily explain this great preponderance of terms from
the “ dead languages.”

Method of Construction.—The entire medical vocabulary
may, broadly speaking, be considered as composed of root-
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words—either alone or in combination with prefixes or suffixes,
or both. The root-word may generally be considered as describing
some definite object, as (perhaps) one of the organs of the body.
The prefix usually describes some variation from the normal
or defines the relation of the root-word to its environment or of
another object to the root-word. The suffix generally describes
some condition of, or act performed upon, the root-word.

Root-words.—The medical vocabulary being, as already
indicated, derived from both Greek and Latin, it is not surprising
that we frequently find two (and even three) words meaning
the same thing. In such cases, we may have the common name,
the Greek scientific name and the Latin scientific name, all in
frequent, though not necessarily interchangeable, use. In these
cases it will, generally, be found that either the English or the
Latin word is used in speaking directly, by name, of the object
and the Greek root-word in those compound words that are so
common throughout the medical vocabulary. For instance, we
have the English word, womb, the Latin word, utcrus, and the
Greek words, hystera and metra, referring to the same organ.
The English word is the one in common, or vernacular, usage;
the Latin is the one in regular, unmodified medical usage; and
one or other of the Greek roots is regularly found in the compound
forms. Occasionally but one root-word is in use; in other cases,
they are both present, but identical; and, less frequently, they
are present, different and used interchangeably. In the last
case, however, it is generally true that the Greek root would be
preferably and more correctly used. In the present listing of
those root-words, a classification by systems will be made and,
where both Latin and Greek roots are used, in the forming of
compound words, both will be given.

Respiratory System:

Nose L. naso- G. rhino-
Tonsil L. tonsillo- G. amygdalo-
Larvnx (. laryngo-
Trachea G. tracheo-
Bronchus (. broncho-
Lung I.. pulmo G. pneumo-
Digestive System:

Mouth G. stomato-
Pharynx G. pharyngo-
(E~ophagus G. esophago-
Stomach G. gastro-

Liver G. hepato-
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Gall-bladder G. cholecysto-

Bile-duct G choledocho-~

Pancreas G. pancreato-

Intestines G. entero-

Duodenum L. duodeno-

Jejunum L. Jejuno-

Ileum L. 1leo-

Ceecum L. czco- G. typhlo-

Appendix L. appendico- :

Colon G. colo-

Rectum L. recto-

Anus L. ano- G. procto-
Urinary System:

Urethra G. urethro-

Bladder G. cysto-

Ureter G. uretero-

Kidney L. reni or reno- G. nephro-

Pelvis of kidney ‘G. pyelo-
Female Genital System:

Vulva L. vulvo-

Perineum G. perineo-

Labium L. labio-

Vagina L. vagino- G. colpo-

Cervix L. cervico- G. trachelo-

Womb L. utero- G { hystero-

° | metro-

Fallopian tube L. tubo- G. salpingo-

Ovary L. ovario- G. oophoro-
Regions of Body:

Head G. cephalo-

Neck L. cervico G. trachelo-

Chest G. thoraco-

Abdomen L. abdomino- G. celio-
Tissues:

Skin G. dermato-

Fat G. lipo-

Muscle L. musculo- G. myo-

Bone G. osteo-

Marrow G. myelo-

Cartilage G. chondro-

In the preceding list, the actual word has not been given,
but the root form (as found under altered conditions in our
compound words) is presented. Such a list is, necessarily, full
of omissions, but should (taken in connection with those follow-
ing) give a fairly comprehensive working idea of those names
used in the diagnoses of surgical diseases and the operations for
their relief.
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Prefixes.—As has already been stated, the prefix usually
describes some variation from the normal or defines the relation
of the root-word to its environment, or of another object to the
root-word. The succeeding list gives some of the prefixes in
most common use—and, at the end of the suffixes, will be found
some examples of the utilization of prefixes, root-words and
suffixes in the formation of compound words. It will be noticed
that these prefixes are taken from both Greek and Latin.

A-orAn-............ooiii. means without or not.
.......................... means from

Ad-. ... means lo

Ante-........ooiiiiiiiiiin means before.

Anti-........c.oiiiiiiiiiae means agains!

Cireum-.............ccovennn. means around

Con-. ..ot means logether.

Contra-...............uue means againast.

De-..oo v means down or from or away.

Dia-............ooi means through.

Dis-.........ooiii meauns apart.

Dys-....cooooiiiiiiiiiit means difficult or painful.

E- means without.

Ee-o means owl.

Ecto-.........oi means without or on the outside of.

En-. ... means in.

Endo-.................... ... meuns within,

Epi-.oooooi means upon.

Eu-........... ... means well.

Ex-o o mesns out or away from.

Exo-. ... ... means oulside.

Extra-. ... ... means oulside of or beyond.

Hyper-. ... ... ... ... ... ... means abore or beyond.

Hypo-.......oooi . means deficiency of or under.

In-. .o means in, indo or not.

Inter-. .. ... ... means between,

Infra-. ... ... ... .. ..., means e neath,

Intra-. ... ... means withon.

Para-.. ... means bexsade,

Peri-. ... . means around.,

Pﬂl_\'- ......................... means many,

Post-........ P means after or bchand.

Pre-..... .o means e fore,

Reeo oo s g,

Retro-.............. ... ... .. means bacicrard.,

Sub-. ... means bolow or under.

Super-............ .ol means abore,

Supra-......coiiiiiiiii wmeans abore.

In the list above, there are necessarily a number of prefixes

which are less common than the others.

In the succeeding list

of suffixes, however, it is fairly safe to say that the very large
majority (if not all) will be constantly encountered in terms
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used in the wards and in the operating-room, particularly the
latter. Many medical and the greater part of surgical diagnoses
and nearly all surgical operations, when described in medical
terms, will include one or another of these suffixes.

Suffixes:

means pain in.

means ia of.
means closure of.

. .INeans pain in.

. .means dilatation of.

. .Imeans ezxcision of.
means di.;ﬁlacemeul of.
means nflammation of.
means slone.

means {umor.

means disease.

means disease.

means fization of.
means falling of.
means sewing of.
means bursting out from.
. .means flowing.

. .means ruplure of.

. .means viewting of.
means making a mouth in or between.
means spasm of.

means culling of.
means spasm of.

Having attempted to give sufficiently full lists of root-words,
prefixes and suffixes to at least give the nurse a fair groundwork
in building up a surgical vocabulary—a number of examples of
these built-up words will be taken and separated into their
component parts, to give an idea of the application of this sort
of learning in practical work.

First, let us take that best known of all surgical complaints—
appendicitis. We have here a combination of the root-word
“appendico’’ and the suffix “-itis.”” Reference to the lists willshow
that this combination means ““inflammation of the appendix.”

As a second example, let us take another of the more common
of the disease conditions (this time gynacological), ‘‘ endo-
metritis.”” Here we find prefix, root-word, and suffix. Reference
to the lists gives us the meanings: * endo-,”” within; ‘ metro-"
the womb; “-itis,” inflammation of. Hence, we have ‘ endo-
metritis,” or an inflammation of the lining of the womb.

Similarly, we have those compound words that represent
operative procedures. Gastrostomy means making a mouth (or
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opening) in the stomach. Perineorrhaphy means sewing of the
perineum. Cystoscopy means viewing of the bladder.

Abbreviations.—A discussion of the subject of medical and
surgical nomenclature should not entirely omit brief reference
to those abbreviations commonly used in hospital work and pri-
vate practice, when writing orders for the nurse’s direction.
Accordingly, a short list of the more common of these abbrevia-
tions, with their meanings, is appended.

Ad............. from ana, meaning of each.
Ac............ from ante cibum, meaning before meals.
Ad lib.. . .from ad libitum, meaning as desired.
Aq...... .......from aqua, meaning water.
Biad........... from Ins in die, meaning twice daily.
[ from cum, meaning with.
c.c. or ¢.cm.. . . .from cubic centimelre, a unit of volume.
cm.............from centimelre, a linear unit.
G. or Gm...... .from gramme or gram, a unit of weight.

{1 2 from gulla, meaning a drop.

............. from hora, meaning hour.

Pe........... from post ctbum, meaning after meals.
Pra...........from pro re nata, meaning according to circumstances.
Quvveeie from quaque, meaning every.
QS............ from quantum sufficit, meaning a sufficient quaniity.
S TOX: S from si opus sit, meaning if necessary.

.............. from semis, meaning half.
T.l.d ........... from ler in die, meaning thrice daily



CHAPTER VI
THE SURGICAL FIELD

THE distinction between medicine and surgery rests entirely
upon the methods of treatment employed. The word surgeon
is derived from two Greek words meaning hand and work. A
surgeon, therefore, is one who works with his hands, and surgery
is that branch of the science of medicine in which the remedial
measures that are required consist of manual or operative pro-
cedures. The diseases and affections with which the surgeon has
to deal constitute the field of surgery and may be briefly sum-
marized as follows:

I. OUTLINE OF THE SURGICAL FIELD

1. Affections Which Are not Caused by Disease.—(1) Ana-
tomical Defects.—These may be congenital, as in the case of
hare-lip and cleft palate, or acquired after birth, as in the case of
certain forms of hernia, and the results of burns or other injuries.
The operative means employed in their treatment are spoken
of as plastic or reparative operations.

(2) Mechanical Derangements.—Conspicuous examples of
these are the forms of intestinal obstruction produced by torsion
(volvulus) or telescoping (intussusception) of the intestinal
tube, conditions which become rapidly fatal if not given prompt
relief. Displacement of various abdominal organs (floating
kidney, enteroptosis) gives rise to many distressing chronic
symptoms. Mechanical distention of veins occurs in various
parts of the body (varicocele, varicose veins of the leg). Affec-
tions which mechanically interfere with the various functions
of the body may be the result of injury and also sometimes of
disease.

(3) Foreign Bodies.—Various articles held in the mouth and
accidentally swallowed may become lodged in the cesophagus,
stomach, or air-passages. Foreign bodies, such as bullets em-
bedded in the tissues, frequently require removal.

(4) Trauma.—This means any injury of the tissues of the
body produced by violence. In this class are included wounds,
open or subcutaneous, contusions and crushing injuries, burns,

89
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fractures of bones, dislocations of joints, and any *‘ internal ”
injuries resulting from violent means. Surgical treatment is
called for in cases suffering from trauma always at the time. of
injury and sometimes later, after the injury has healed. Thus
accidental wounds, like surgical wounds, must be properly
““ closed,” so as to bring divided nerves, muscles, skin, and other
tissues into normal position with relation to each other; fractures
must be “ set '’ and retained in place by splints or other means;
dislocations must be “reduced ”; bleeding from divided arteries
or veins must be controlled; appropriate steps must be taken to
prevent infection of the injured tissues; and special methods of
treatment appropriate to certain injuries too numerous to be
mentioned here must be employed. After an injury has healed,
structural defects or other conditions resulting from it may
bring the patient under the hands of the surgeon for operative
treatment. In the field of gynzcology the conditions resulting
from trauma are for the most part those which are incident to
child-birth, such as lacerations of the cervix and perincum,
vesicovaginal fistula, and so on. These conditions frequently
call for operative repair at a later period. The emergency meas-
ures which the nurse may be called upon to employ in the immedi-
ate treatment of injuries will be considered in a scparate chapter.

2. Diseases and Affections Arising from Disease.— (1) The
Infections.—The greater number of diseased conditions caused
by the entrance of single-celled organisms into the body come
under the care of the physician. The principal organisms con-
cerned in what may be called the surgical infections have already
been described. The bacteria of sepsis, which have been enumer-
ated in speaking of the infection of wounds, are often encountered
as discase-producing invaders in the body when no visible wound
is present, having found a portal of entrance through some minute
break in the surface either of the skin or of the mucous mem-
brane. When septic bacteria are growing in a number of small
arcas scattered throughout the body, or when the locality of
their attack cannot be determined, surgical treatment is not
available and the discase must be considered as belonging to the
province of the physician. Cases of septic infection become
surgical when the disease is localized in some definite area in
the body, sinee in that case the proper treatment consists in the
establishment of drainage; that is, the opening up by operative
means of a way of escape from the body for the poisonous products
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produced by the growing bacteria. In many cases also portions
of tissue or even entire organs too extensively diseased to be
capable of recovery have to be removed. Septic infections of this
character are very common and of great variety. They include
superficial lesions, such as boils, and carbuncles, and ulcers,
abscesses in almost every part of the body, infections of the
serous membranes lining the great body cavities, such as the
pleura and peritoneum. The joints and even the solid bones may
be the seats of septic infection. The organism of Neisser (gono-
coccus) plays the leading réle in the pelvic infections in women
which are responsible for a large proportion of the operative work
that the gyn=cologist is called upon to perform. Infective lesions
beginning in the mucous membrane of the intestine, and resulting
in perforation of the intestinal wall, allow the escape of highly
infective material into the peritoneal cavity, and give rise to
general or localized peritonitis, requiring prompt operative inter-
ference for its relief. The vermiform appendix is by far the most
common seat of such perforative lesions. The infection here is
necessarily of a mixed character, owing to the varied bacterial
content of the material poured out from the intestine. The colon
bacillus, the staphylococcus, and the streptococcus are the organ-
isms almost invariably found.

The tubercle bacillus is the cause of a great variety of condi-
tions requiring surgical treatment. This organism attacks almost
every tissue and organ in the body. Tuberculosis of the lymphatic
glands, of the bones and joints, and of the kidney and bladder
are the most common forms of this disease which come under
the care of the surgeon.

(2) New-growths.—Nearly every tissue in the body may
become the seat of an abnormal enlargement known as a tumor,
consisting of an excessive growth of tissue more or less resembling
the normal, usually with well-defined boundaries, but tending to
progressive increase in size and sometimes to the formation of
similar tumors in other parts of the body at a distance, through
the proliferation of cells carried from the original tumor through
the blood or the lymphatic circulation. Very little is known about
the causation of these new-growths. The only successful treat-
ment of them consists in their removal by operative means.

(3) Other organic diseases and affections arising from them are
amenable to surgical treatment in numerous instances too varied
to be briefly summarized. A few examples must suffice. The
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harmful effects of an overactive or perverted gland secretion
may call for the partial removal of the offending organ, as in the
case of exophthalmic goitre. Obliteration of smaller arteries
from chronic disease (arteriosclerosis, diabetes) may lead to
gangrene of the extremities, requiring amputation. Evacuation
of fluid accumulated in various body cavities as a result of disease
is a surgical measure often called for. Concretions and calculi
are formed by the deposit of calcareous salts in various ducts
and passages of the body. Gall-stones and stones in the bladder,
ureter or kidney are the most common examples of this class.
Such bodies frequently require operative removal.

(4) Functional Diseases.—Examples of purely functional
disease, either medical or surgical, are very few. Neuralgia is
the name of a condition in which there is usually only a single
symptom present, namely pain, and often no discoverable organic
tissue change. Surgical treatment is sometimes resorted to when
other means of relief have failed.

II. SURGICAL SPECIALISM

The field of surgical knowledge is so wide that it is impossible
for a single mind to master the innumerable details necessary
to be known in order to do efficient work in the diagnosis and
treatment of surgical conditions in all parts of the body. The
result is a division of the surgical field into a number of depart-
ments or specialties, so that by confining his attention exclusively
to one of these a surgeon may attain a higher degree of efficiency
in his work. It is the difficulties of diagnosis rather than of
treatment that make specialism necessary. A large experience,
that is, the opportunity to observe and study many cases, and
a wide scientific knowledge are indispensable in making a correct
diagnosis in many cases. Skill in the use of the many and often
highly complex instruments of diagnosis that have been devised
for use in the various special ficlds can be acquired only by
constant practice. Contrary to the popular idea, operative
skill is the least important and most casily acquired part of the
equipment of a competent surgeon. The recognized surgical
specialtics we may take to be those which are usually assigned
to separate departments in hospital work.

1. Ophthalmology.—Treatment of diseases of the eye is
largely surgical. It is a wide field in itsclf, giving scope for the
highest ability and skill.
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2. Otology, or surgery of the ear, is a narrower field frequently
combined with surgery of the throat and nose or of the eye.

3. Surgery of the throat and nose (laryngology, rhinology) is
an important specialty in which many practitioners are engaged
on account of the great frequency of diseases and affections in
this region.

4. Gynzcology deals with the diseases and affections of the
female genito-urinary organs. It is a separate department in
most hospital organizations, and is a specialty of the greatest
interest and importance for the surgical nurse.
~§. Genito-urinary surgery is the name applied to that specialty
which deals with the diseases and affections of the kidney,
bladder, and genital organs in the male. The setting aside of
this portion of the surgical field as a special department is made
particularly necessary by the high degree of skill required in the
use of a wonderful instrument of diagnosis, the cystoscope, by
means of which the interior of the bladder can be inspected and
surgical conditions of the kidney directly demonstrated.

6. Orthopaedic surgery deals with the treatment and the
prevention of deformities, particularly in children, either con-
genital or acquired, the latter most commonly as the result of
trauma, tuberculous disease of the bones and joints, or infantile
paralysis. The treatment of these conditions, while partly
operative, consists largely in the fitting of proper braces and
supports, and also in the training of particular groups of muscles
by special exercises—forms of treatment which must be carried
out over long periods of time and which require a high degree of
patience, knowledge, and skill in their application.

7. Surgery of the Nervous System.—The brain and spinal
cord are subject to all the forms of surgical disease and affection
that have been enumerated, especially perhaps to trauma and to
affections resulting from pressure due to the presence of tumors
or new-growths. A few practitioners, exceptionally well qualified
by reason of experience and ability, usually resident in large
centres of population, have specialized in this department. It
is perhaps the most difficult of all fields, but the cases are not
numerous enough to support many specialists, and in areas
where these are not available such conditions come under the
care of the general surgeon.

8. General surgery includes all that remains of the wide
domain of surgery outside of the narrower fields included in the
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special departments. There are, of course, many border-line
cases. A case may, because of the nature of the disease or affec-
tion or of its complications, come within the province of more
than one special department. In operations within the abdomen
the work of the general surgeon and that of the gynscologist
frequently overlap. Both general surgeons and orthopadists treat
fractures and infections involving bones and joints; and there are
a number of other classes of operations which the general surgeon
has not yet wholly resigned to the special department to which
a strict classification might assign them.

1I1l. OPERATIVE SURGERY

1. Nomenclature.—A major operation is one that is extensive,
involving the deeper parts of the body. A minor operation is
one that involves only the skin or mucous membrane and the
superficial tissues. An operation is spoken of as capital when it
involves danger to life; radical or complete when it is intended to
cure a disease or affection; palliative when it is done to relieve
some distressing symptom without expectation of cure. An
exploratory operation is one in which an incision is made to
bring into view some deeper part of the body, most frequently
the abdomen, for purposes of diagnosis. A plastic operation is
one where flaps of skin or mucous membrane are moved to a new
position to cover a defect. Incision is a simple cut. Excision is
cutting out, to remove a tumor or portion of tissue or organ.
Resection is cutting from between, as the removal of a joint, or
a portion of a long bone, or of a nerve, or of the intestinal tube.
Anastomosis is the establishment of a communication between
portions of a hollow organ. The term is applied to operations
of this character on the stomach and intestines and on arteries
and veins. Many special operations are known by the name of
the surgeon who first performed them. The meanings of many
compound words, including names of operations, have been ex-
plained in the chapter on nomenclature. A two-stage operation
is one in which at a certain point the operation is stopped, the
wound closed and the patient sent back to the ward. The opera-
tion is then completed at another time some days later. There
may be two reasons for doing this. One is that completion of
the operation at a single stage would add materially to the opera-
tive risk. The other is that in certain cases it is desirable for the
healing process to have time to make a certain amount of progress
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between the first steps and the later steps of the operation. This
intervention of the healing process between two stages of an opera-
tion may be required, for example, to close off the pleural or the
peritoneal cavity before opening an abscess or a loop of intestine
which has been drawn out to form an artificial anus. It may also
be an advantage or a necessity in certain plastic operations.

2. Operative Hazards.—Operative surgery has one distin-
guishing characteristic, of the greatest gravity and importance,
which it shares with no other method employed in the treatment
of disease. It is attended in many cases with danger to the life
of the patient. In the treatment of medical cases an overdose
of a drug may kill, or an error in treatment may hasten the inevi-
table end or permit a fatal issue that could have been avoided;
but almost without exception every properly used therapeutic
measure, other than surgical, is free from direct hazard to life
or health. This feature of the work of the surgeon has undergone
a great and wonderful change for the better within the last fifty
years. Before the days of antiseptic and aseptic surgery, the
operative risks were appalling. Operations that are now done
daily with scarcely a thought of danger were then attended with
a death rate of thirty to fifty per cent. or more. Many opera~
tions now regarded as very moderate risks could not be under-
taken at all. The elimination of septic infection in surgical
wounds, which began with the work of Lister, has thus wrought
a truly revolutionary change with respect to operative hazards,
and other important advances have contributed largely to the
same end. The time will never come when all surgical operations
will be free from danger, but under modern conditions, in the hands
of competent surgeons and properly trained nurses, we may
roughly group all operations into three classes with respect to
operative risks: (1) the largest class includes all minor and many
major operations, numbering possibly three-fifths of all cases,
in which the danger is negligible, being scarcely more than that
from the ordinary accidents of daily life; (2) a smaller but numer-
ous group of cases in which there is a risk varying from very
moderate to moderately grave; (3) a small group of cases involv-
ing very grave risk.

The three primary operative risks are shock, hemorrhage,
and infection, including sepsis and pneumonia. All of these are
preventable in most cases with a very high degree of certainty.
There are a number of other operative dangers that are under
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less perfect control and also very much less frequent, and one
or two, fortunately rare, against which we have as yet practically
no safeguards. The character of the various dangers and the
methods of forestalling and combating them will be considered
in a later chapter. As regards time, the critical period following
an operation may be said to last from three to five days, after
which, if all has gone well, the patient may usually be considered
out of danger.

3. Mortality (as applied to operative surgery) means the
death rate expressed in percentage; that is, the number of deaths
in every hundred operations (of the particular kind in question)
that have been recorded. Mortality is usually estimated for
each particular operation without regard to other factors which
influence it, since these are very variable and difficult to determine
accurately. The direct causes of death are numerous, including
the immediate effect of the operation itsclf and all the complica-
tions that may arise afterward. The predisposing causes are the
factors which chiefly affect mortality, and these may be grouped
under four heads: (1) The extent and severity of the operation.
For example, the mortality of amputations at the hip-joint is
much greater than that of amputations at the knee. (2) The
character of the operation without regard to its severity. For
example, the mortality of ligation of the common carotid artery,
a comparatively simple operation in itself, is very high because
of the shutting off of the blood supply from the brain. (3) The
resisting power of the patient, a factor which must always be
carefully estimated beforehand by the surgeon. (4) The thor-
oughness and conscientiousness with which the details of asepsis
and other parts of the technic are carried out.

4. Morbidity (in relation to operative cases) means the period
of illness following an operation. It is ordinarily measured by
its duration. There is an unavoidable morbidity following every
operation. A patient operated upon, often with unimpaired
general health beforehand, then passes through what may be
regarded as an acute illness, and for practical purposes this may
be said to last as long as he is disabled from his ordinary occupa-
tion. For uncomplicated abdominal operations the minimum
duration of morbidity may be sct at about two weeks, for slighter
operations it will be considerably less, and in the severer cases
may extend to a month or more. When complications arise
morbidity may be prolonged to an indefinite extent.  Morbidity
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is, of course, subject to variation in severity or intensity as well
as in duration.

5. The Surgical Obligation.—The operative hazard imposes
upon the surgeon and upon the surgical nurse a unique and pecu-
liarly binding obligation. In no other occupation is a serious
risk of life involved to the recipient of a personal service. The
patient, therefore, is compelled to repose a great trust in those
into whose hands he commits himself, and the possibility of
failing him in any avoidable way is not a matter to be lightly
regarded. For a patient, in good general health and undergoing
an operation of slight or moderately grave danger, to die as a
direct result of the operation is a disaster of such magnitude
that no labor or painstaking care is too great to be exacted of
those responsible for the work. In the graver cases the result
may turn on small things. A failure to estimate properly some
factor in the patient’s condition, a slip in the technic, a failure
through carelessness to notice in time premonitory symptoms of a
coming complication, delayed or perfunctory carrying out of an
important remedial measure, may determine a fatal issue. In
the majority of operations the risks are small, but they are in-
creased in proportion whenever any failure occurs in applying
all available means for safeguarding the patient. The responsi-
bility for this rests principally and primarily upon the surgeon,
but the surgical nurse shares it with him in large measure in
certain aspects of the work, particularly in the operating-room
technic and in the care of the patient after operation.
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CHAPTER VII
POSTURES

IN the various procedures of surgery and gynacology, whether
for purposes of examination, treatment or operation, there are
numerous variations of the posture of the patient that are re-
sorted to for the purpose of simplifying the anticipated procedure.
The greater part of these postures are really variations of the
horizontal recumbent position, and will be considered as such
in their regular order as decided by the degree of variation from
the original position.

1. Horizontal Recumbent Position (Fig. 36).—This position,
as the name would imply, is that normally taken by the patient
when reclining flat upon the back. The legs are together and
the arms may be in any of three positions, depending upon the
object in view and, partly, upon the preference of the physician.
For purposes of abdominal operation upon the lower abdomen
or of abdominal examination, the arms may be placed either
alongside the body, across the chest, or above the head. If the
operation is to be upon the upper abdomen, the position of the
arms across the chest would, naturally, be undesirable, as they
might interfere with the operator. In this case, either of the
other arrangements would be equally satisfactory.

2. Trendelenburg Position (Fig. 37).—This position is identi-
cal with the horizontal recumbent so far as the immediate relation
of the patient to the top of the table is concerned. The difference
in the two positions is based upon the changing of the level of
the table top. By a mechanical adjustment upon the table, the
patient’s head is lowered so that the top of the table takes an
angle of anywhere from 10 degrees to 45 degrees with the horizon.
The object of this position is the gravitation of the intestines
out of the pelvis into the upper abdomen. For the proper use
of this position, it is necessary to have a table with shoulder
supports and a sectional arrangement by which the lower end
may be depressed so that the legs are flexed on the thighs. This
combination gives proper support to the patient so as to prevent
slipping off the table in the higher elevations. The position is
generally taken just after the abdomen is opened.

101
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3. The Reversed Trendelenburg Position.—As the name
would signify, this position is identical with the last mentioned,
except for the reversal of the patient’s position. Here the feet,
instead of the head, are lowered. Its application is not a very

F1a. 36.—Horizontal recumbent position.

wide one,—resort being had to it only in those infectious cases
where it is vital to take every precaution to prevent already
existent pus from gravitating into the upper abdomen. Where
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used, this position is arranged at the very outset,—the patient
being put on the table in this position. The patient is generally
retained in position by adhesive plaster strapping, by towels or
straps passed around the thighs and fastened to the table, and by

F1a. 37.—Trendelenburg position.
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the use of a board supported on the shoulder rests,—used in this
position as a foot rest.

4. Dorsal Position (Fig. 38).—This position, above the hips,
is identical with the horizontal recumbent position. Here, how-
ever, the thighs are flexed upon the body and the legs upon the
thighs,—the heels resting in stirrups that are adjusted to arms
attached to the table. The flexion of both thighs and legs is
moderate, as is the separation of the thighs. This position is
particularly adapted to vaginal inspection, or the digital and
bimanual examination.

Fig, 38.—Dorsal position.

5. Dorsal Elevated Position.—This position differs from the
simple dorsal position only in the elevation of the shoulders of
the patient, by placing enough pillows or pads under them to
attain the desired elevation. The advantage of this position
over the former is in those cases where it is necessary to flex the
body in order to relax the abdominal muscles for proper bimanual
examination of the pelvic organs.

6. Dorsosacral (Lithotomy) Position (Fig. 39).—The dorso-
sacral (lithotomy) position differs from the dorsal only in the
matter of degree and the method used in its attainment. Instead
of a slight flexing of the thighs upon the abdomen and legs upon
the thighs, the flexion is pronounced, the angles formed between
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the respective parts being 90 degrees or less. Instead of the
simple stirrup foot rest, an upright rod with foot sling is attached
to each side of the table and the legs flexed sharply back,—the
foot passing to the outer side of the rod and through the sling.

Fi1:. 39. —Dorsosacral (lithotomy) position.

This position is used for perineal and vaginal operations and for
operations upon the rectum. It is also used for the cystoscopic
cxamination of the bladder with the clectric cystoscope.

7. Elevated Dorsosacral Position.—The difference between
the simple and elevated dorsosacral positions is diametrically
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opposite to that between the simple and elevated dorsal positions.
Here it is the hips that are elevated by pads or the Trendelenburg
attachment. The elevated position is sometimes preferred for
the sake of convenience and is also used by some physicians for
bladder examination with the Kelly cystoscope.

8. Right (or Left) Lateral-Prone Position (Fig. 40).—This
position is also known as the Sims position and is practically
identical with the kidney position. As a gynscological posture,
it is used for inspection of the vulva, vagina and cervix, or for
local treatment of the same parts.

In this position, the patient is placed on her side at the edge
of the table,—with her lower arm behind her and her upper arm in
front and flexed naturally across her chest. Both knees are drawn

——
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F1a. 40.—Right lateral-prone position.
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up toward the body,—the upper higher than the lower and resting
on the table. The patient is draped with a sheet so that the body
and legs are covered and only the parts to be examined exposed.

9. Knee-chest (Genu-pectoral) Position (Fig. 41).—This posi-
tion is the one of choice for the examination of the bladder,
vagina or rectum by a tubular speculum aided by air disten-
tion. It is most commonly used in connection with the Kelly
cystoscope.

The patient kneels upon the table, with her feet extending
over the edge. The knees are slightly separated. Her face is
turned to one side and rested upon a pillow provided for the
purpose,—the upper chest resting upon the table as near as pos-
sible to the knees. The points to be chiefly observed in the proper
attaining of this position are: (1) the maintaining of a vertical
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position of the thighs; and (2) the resting of the chest upon the
table. The patient should be draped so as to expose the vulva
alone.

10. Erect Position.—This position is particularly adapted to
vaginal examination for the purpose of determining the presence
or degree of prolapse of the uterus. The patient may take either
of two positions: (1) with the foot resting upon the round of a

Fia. 41.—Genu-pectoral (knee-chest) poeition.

chair and the corresponding hand upon the chair’s back,—the
other hand resting upon her hip; or (2) with feet separated and
both hands resting upon her hips.

VARIATIONS FROM THE USUAL ARRANGEMENT AND EQUIP-
MENT IN OPERATIONS

While the foregoing descriptions may be accepted as the rule
and followed in those cases where circumstances and the equip-
ment permit, there are necessarily times when the usual wealth
of supplies found in the well-regulated operating room will be
lacking and when the best must be done with the matcrials at
hand. This is particularly the case with operations in private
houses, where the operating table may be supplied by that
ordinarily used in the kitchen and the other necessities by the
surgeon or the household linen room. In discussing these cases,
but brief reference will be made to thosc supplies that may be
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brought by the surgeon and more full description of those pro-
cedures by which the nurse may be required to overcome the
natural difficulties of the situation as it bears upon that branch
of the subject under discussion.

1. The Trendelenburg Position.—In abdominal gynecologi-
cal operations in private houses, it is the duty of the surgeon to
provide the necessary apparatus for obtaining the Trendelenburg
position (Fig. 37), should he desire to use it. There are frames
specially designed for this purpose and made by the instrument
makers in a portable form. A rough substitute may, however,
be made by reversing a straight-backed chair so that it rests
upon the front edge of the seat and the top of the back.

2. The Lithotomy Position.—This is a position that is used
in most of the gynzcological operations performed in private
houses, as it is generally minor operations that are done in these
surroundings. Evidently, the kitchen table has no lithotomy
posts or foot holders, nor attachments for their adjustment.
Assuming that the surgeon has not brought his own table with
the necessary appliances, how is the difficulty to be met? If
properly supplied, the surgeon may meet the emergency by
bringing adjustable lithotomy posts and foot holders or one of
the lithotomy slings with which the market is deluged. If not,
the nurse must meet the requirements as best she may with the
supplies at hand. The lack is usually supplied by a large bed
sheet, so folded and applied as to maintain the patient in the
desired position. There are two methods in general use, either
of which is likely to give satisfaction. In the first, a large sheet
is folded diagonally and placed on the table with the long, folded
edge under the patient’s shoulders and the apex hanging over
the lower end of the table. The patient is then placed in the
lithotomy position and the long ends of the shect that hang down
the sides of the table are brought under the thighs, between the
legs and up the body, being tied under the patient’s neck by
carrying one under the neck and tying to the other. A sheet
properly adjusted in this manner will hold the patient in a very
satisfactory lithotomy position. The second method consists in
folding a sheet in several thicknesses lengthwise until it is only
from eight to twelve inches wide. The sheet is then passed under
the table and the ends brought out up over the body of the
patient. The patient is put in the lithotomy position and the
two ends of the sheet carried between the thighs, outward over
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them with sufficient force to hold the thighs well flexed in posi-
tion and fastened securely to the part coming up over the table,—
several safety pins serving very well for this purpose.

3. The Knee=Chest Position.—The knee-chest position under
an anssthetic. It is quite true that this position is neither
generally nor, indeed, very frequently used in conjunction with
general anssthesia. But, at the same time, it is true that,
when the occasion does arise, the confusion is all the greater
for the very infrequency of its use. There are two solutions of
the difficulty, a plenitude of assistants to hold the patient in
position or lithotomy posts and slings. The sling, in this case,
should be a broad and well-padded one, as the weight of the
patient must be sustained by resting her thighs in these. The
patient is put in the knee-chest position, after being completely
under the influence of the an®sthetic,and the slings placed around
her thighs and fastened to the posts, in such a manner as to
support her weight and maintain her in the proper position.



CHAPTER VIII

BANDAGING
I. PRINCIPLES OF BANDAGING

It is impossible, in a brief chapter, to describe in detail all
the numerous and often complex ways of applying a bandage
that have been devised, and it is also unnecessary, since the nurse
will rarely if ever be called upon to apply any but the more
simple forms. As a matter of fact, the surgeon rarely adheres
strictly to the rules laid down, but varies his methods to suit
the individual case. There are, however, certain fundamental
principles in bandaging that are of the greatest importance, and
these should be as clearly understood by the nurse as by the
surgeon. A badly applied bandage may be a source of great
discomfort and even of serious danger to the patient. A bandage,
although properly applied at the time it was put on, may later
become ineffective, or possibly injurious, because of a change in
the condition of the part bandaged, for example, through in-
creased or diminished swelling, or because of a change in the
position of the part, or a disarrangement of the bandage itself,
due to accident or other cause. When such a condition arises
the nurse will usually have the first opportunity to recognize
the fact, and she should be able to understand what is wrong
s0 as to call the attention of the surgeon to it, either immediately
or at his next visit, according to the circumstances of the case.
When a surgeon has occasion to examine a bandage that has
been applied by an inexperienced student, interne or nurse, he
will not observe or criticise the character of the ¢ turns ”’ selected
(spiral, reverse or figure-of-eight), or whether these are put on
in the exact order or manner described and pictured in the text-
books. What he will note particularly, on the other hand, will
be the character, amount and distribution of the dressing or
padding material under the bandage; the area included, whether
too scanty or too extensive; whether the bandage is applied so
as to have the proper grasp of the limb or other part of the body
to which it is applied, so that it will not tend to slip; the amount
of tension, particularly at the edges and over bony points; and
finally (and also of least importance), the smoothness and neat-
ness of the overlying folds. A bandage that is the perfection
of neatness may be hopelessly bad in the essential particulars,
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and some of the most skilful surgeons, although the bandages
which they apply are models of efficiency, pay little or no atten-
tion to their external appearance. We may now give a brief
summary of the general principles of bandaging and these will
be included under two headings, first those which refer to the
efficiency of the bandage, its proper application with reference
to the purpose for which it is employed. These are of the first
importance and should always be kept uppermost in mind. Under
the second head will be given those points, of minor importance
relatively, which refer to the neat appearance of the bandage.

Principles which concern the efficiency of a bandage:

1. An arm or leg, when a bandage includes one or more of
its joints, should always be bandaged in the position it is to remain
in afterwards.

2. With a few exceptions a bandage should never be applied
next the skin, an elastic padding usually of cotton being placed
between the skin and the bandage. The exceptions are (a) when
a bandage of flannel or elastic fabric is applied for pressure, (b)
the Unna’s paste bandage, (¢) the bandage for a Buck’s extension;
here the padding is placed only over bony points and edges.

3. Skin surfaces should never lie in contact. At the fold of
the groin, at the bend of the elbow and knee, between the fingers
or between the arm and the side, padding should be placed to
keep skin surfaces apart.

4. A bandage should exert even pressure everywhere. There
should be no tight bands.

5. When a bandage of an arm or leg is required to be put on
with firm pressure for any reason it should extend from the base
of the fingers or toes up, otherwise constriction of the limb will
result with swelling below the bandage.

6. To sccure a proper grasp of the limb a bandage on an arm
or leg should cover all the space between two joints or include
the joint above or below in the turns of the bandage.

Points which concern the neat appearance of the bandage:

1. The turns of a bandage should lie flat, not with one edge
tight and the other wrinkled.

2. Each turn should overlie two-thirds of the preceding turn.

3. The edges should lic in parallel lines.

4. The points where the edges cross should lie in a straight
line.

These points are well illustrated in Figs. 61 and 62.
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1I. FORMS AND USES OF BANDAGES

When we speak of bandages we ordinarily mean the roller
bandage which is so extensively used in surgery; but there are
a number of other forms which are in constant use, some of
which will be described later in the chapter on the operating-
room outfit. Thus we have the triangular bandage (Fig. 42),
used as a sling for the arm and sometimes for other purposes;
the T-bandage (Fig. 43); the four-tailed bandage (Fig. 44); the

Fi1a. 43.—Single T-bandage. F1a. 44.—Four-tailed bandage.

plain abdominal binder; the many-tailed bandage; the Scultetus
(Fig. 45); and some special forms of bandages, such, for example,
as those used for supporting the female breast.

In the employment of all these forms of bandages there are
three principal purposes that are aimed at, either singly or in
combination. These are (1) the retention of dressing materials
over a wound, (2) fixation of the part with the aid of splints or
of some stiffening material impregnating the bandage itself,
(3) the application of pressure.
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III. MATERIALS AND PREPARATION

The materials of which roller bandages are made are gauze,
usually of much finer mesh than the gauze used for surgical
dressings, unbleached muslin, crinoline, flannel, and sheet rubber.
Each material has its own special use according to the object
to be attained.

The gauze bandage is now almost universally used for the
retention of surgical dressings. These bandages are furnished
ready made in all sizes by the manufacturers, and are for sale
at all drug stores, often at rather fancy prices. When purchased in

F10. 45.—Modified bandage of Scultetus.

quantity, however, they are cheap enough, so that most hospitals
no longer find it an economy to make their own gauze bandages.
The most common sizes are % inch (for the fingers), 2% inches,
4 inches, and 6 inches in width, and from 2 to 10 yards long.

The muslin bandage, formerly the most common form, is
now generally restricted in its use to cases where it is desirable
to exert a considerable amount of pressure on the part to which
it is applied, and to the retention of splints and the treatment
of fractures. Only two sizes are ordinarily used, 2 inches and
4 inches in width and 5 yards long.

Crinoline bandages, because of the starch with which the
material is impregnated, are used to make a stiff covering over
the gauze bandages put on to retain a surgical dressing, the
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object being to make the bandage more secure and give it a
certain amount of rigidity. Two-and-one-half and four-inch
widths are the usual sizes. The bandages are soaked in water
and wrung out before being applied. It will add much to the
surgeon’s good temper if the nurse will remember to pull off all
the ravellings from the edges of the wet crinoline bandages before
handing them to him. Crinoline is also used as the material from
which plaster-of-Paris bandages are made.

Flannel bandages are used solely to exert pressure, being
particularly adapted for this purpose on account of their elas-
ticity. This bandage is applied next to the skin without any
intervening padding. Four inches is the usual width.

F16. 46.—Rolling bandage by hand.

The bandage made of sheet rubber, known as the Esmarch
or Martin bandage, is used at the time of operation to expel
blood from a limb and to compress the vessels so as to prevent
hemorrhage. They are made three inches wide.

Triangular bandages, binders, slings and tailed bandages are
made of unbleached muslin or of Canton flannel. The triangular
bandage is made from a thirty-inch square of muslin folded or
cut diagonally. Its principal use is as a sling for the arm. The
four-tailed bandage is either a square of muslin, of suitable size
for the purpose intended, with tapes at the corners, or is made
from a strip of muslin bandage, split from each end with the
scissors, leaving an uncut portion in the middle. Their principal
use is for dressings applied to the chin, the eye or the ear. The

8 .
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forms and sizes of plain and many-tailed binders will be
described in a later chapter.
In making roller bandages muslin may be torn into strips of the
desired width, but gauze, crinoline and flannel must be cut with the
" scissors. Gauze and crinoline are cut in line with the threadsin the
length of the goods. Flannel bandages are cut diagonally across
the goods, the short pieces being then stitched together to make
the requisite length. The object of this is to make them elastic.

F10. 47.—Bandage roller.

Bandages may be rolled by hand (Fig. 46) or by means of
one of the simple machines provided for the purpose (Fig. 47).
Muslin and gauze bandages should be rolled as tightly as pos-
gible. Crinoline and flannel bandages should be loosely rolled.
All loose threads and ravellings should be carefully removed.

1V. APPLICATION OF THE ROLLER BANDAGE. BANDAGING
FOR THE RETENTION OF DRESSINGS

The first consideration in bandaging for the retention of a
surgical dressing is the character and distribution of the dressing
material. From every fresh clean wound there will be for some
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hours an abundant discharge of watery fluid which oozes from
the divided capillaries and is derived from the serum of the blood.
In infected wounds there is a free discharge of pus or other form
of inflammatory exudate. The dressing material must be of
such a character as readily to absorb these fluid discharges and
at the same time exert an elastic, non-rigid pressure in the
neighborhood of the wound. To meet these indications there
is nothing equal to the absorbent surgical gauze manufactured
expressly for the purpose. The gauze is cut and prepared in
various forms and sterilized in packages wrapped in muslin, or in
metal drums (see page 275, Fig. 88),and must be handled, of course,
only with sterile gloves or instruments. The manner of applying
the gauze dressings varies according to the amount of discharge
from the wound. For the primary dressing of all operative and
accidental wounds, and for all dressings of suppurating wounds
the gauze used should not be in the form of pads, like a folded
handkerchief, but in the form of fluffs, like a handkerchief shaken
out and lightly crushed in the hand. The dressings should
cover a rather wide area on all sides of the wound, six to eight
inches at least, except, of course, in the case of very small wounds.
The fluffs should be piled up to a thickness of from two to four
inches or even more in the case of large wounds, and should be
massed rather more heavily about the circumference of the
wound and rather more lightly directly over the wound itself.
When the wound is on an arm or leg a part of the gauze dressing
should encircle the entire limb, which is best done by means of
fluffs applied to the wound and over them a gauze roll wound
about the limb. This applies also to dressing wounds of the neck.
Wherever skin contact occurs, as in binding an arm to the side,
abundant padding should be placed between the skin surfaces.
When the gauze dressing has been applied it is well in some cases
to secure it from slipping by means of strips of adhesive plaster
which pass across the dressing and adhere to the skin on either
side. Over all a gauze bandage of suitable width is now applied.
In the case of abdominal wounds a binder takes the place of
the bandage. The bandage should cover the entire dressing and
extend a short distance beyond it on every side. It should be
so applied as to have the proper grasp of the limb or other part,
in order that it may not slip. This point will be referred to
again in the discussion of regional bandaging. A dressing bandage
should never be very tight, just sufficient tension being used to
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make it firm and secure. It should be, as a rule, about as tight
as a comfortably fitting glove. Occasionally very much stronger
pressure must be temporarily applied, principally for the purpose
of controlling hemorrhage. Finally, the end of the bandage is
twisted into a cord and fastened with a safety pin, preferably at
a point directly over the wound itself, thus indicating its location.
A small square of adhesive plaster also answers well for the
purpose of fixing the end of the bandage.

In cases where a certain amount of rigidity is desirable a wet
crinoline bandage is put on over the gauze bandage. This,
when dry, will give a moderately stiff superficial covering. For
additional support, in certain cases, strips of thin, pliable wooden
splints may be incorporated in the bandage.

When the formation of pus is very abundant, or where there
is a discharge of fieces, urine, or bile through the wound, the
dressings must be changed very frequently and the means of
holding them in place should be arranged so that the changes
can be casily made. The use of short strips of adhesive plaster,
two inches wide, attached to the skin on either side of the wound,
with tapes fastened to them to tice across the dressings, will make
it easy to remove the saturated gauze and replace it with a
fresh supply. A binder pinned over this dressing gives additional
security. In many cases when wet dressings are applied to a
limb these must be changed every three hours or even oftener,
and the roller bandage is too cumbersome a means for holding
them in place. The wet gauze should be loosely folded about the
limb, not wound around it with many turns; it should be cov-
ered with a picce of oiled silk and held in place by means of a
towel wrapped about the limb and fastened with safety pins or
by three or four turns of a gauze roller.

In the case of aseptic operative or accidental wounds there
will be no discharge after the first few hours. For the second
dressing of such wounds the requirements are, therefore, quite
different from those called for at the first, since no provision
need be made for the absorption of fluid material.  Flat gauze
pads may now be used, and these need not be so thickly piled
or 80 widely distributed as at the primary dressing.

V. BANDAGING FOR FIXATION

In cases of fracture, of dislocation, and of disease involving
a joint, the injured or discased part must be kept at rest and in
a fixed position for a considerable time. Fixation of a limb may
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be accomplished by means of padded splints held in place by
strips of adhesive plaster and a gauze or muslin roller bandage
or by means of bandages impregnated with some substance like
plaster-of-Paris which will form a rigid covering for the injured
part. The nurse may be called upon to apply some form of
fixation apparatus as a first-aid measure, and it is very desirable
that she should understand the principles governing their use,
since a fixation bandage may be capable of doing serious harm
when improperly applied.

All splints or other fixation appliances should be well padded,
especially over bony points. They should be put on tightly
enough to ensure immobility but not enough to produce con-
striction. The position of a limb should not be changed after a
fixation bandage has been put on, since this may cause undue
constriction at the point where the joint is flexed. The usual
and normal position of the various joints in fixation is as follows:
ankle, flexed at right angle; knee, straight; hip, straight; wrist,
straight or slightly flexed; elbow, flexed at right angle; shoulder,
in normal position at side. There are some exceptions to these
rules; for example, the elbow must, for one fracture particularly,
be put up in the straight position, and in many cases of fracture
at the elbow-joint the best position is with the arm flexed at an
acute angle; but these points are for the decision of the surgeon.
In fractures of the shaft of a long bone the bone itself and the
joint of either side must be included in the fixation. Some
exceptions to this rule occur in the case of fractures close to a
joint and in fractures of only one of the two bones in the forearm
or leg. Fingers and tocs, particularly the former, should always
be left free in applying fixation to a limb, unless, of course,
these are themselves the injured members. It is the most inex-
cusable kind of bad surgery to include the fingers in a splint for
a broken arm. They will inevitably become stiff and their
restoration to their normal suppleness will be an extremely
difficult matter. When the hand or foot below a fixation band-
age becomes markedly swollen or cold and blue, the whole
bandage, everything down to the skin, must be at once cut
with the scissors, even, if necessary, without waiting for
orders from the surgeon. After doing this, however, the
fixation appliance need not be removed, a very loose band-
age being put on over it until the surgeon has an opportunity
to readjust it.
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VI. BANDAGING FOR PRESSURE

Bandaging for the application of pressure may be required
to control hemorrhage, or to give support and prevent swelling,
as for example in ankle sprains and varicose veins of the leg. A
pressure bandage must always extend from the toes or fingers
up, leaving these free, otherwise swelling will occur below the
bandage. Pressure must be elastic, not rigid, and therefore
when either gauze or muslin bandages are used for pressure,
padding must be applied between the bandage and the skin.
Hospital wadding (sheet cotton glazed on both sides) is the
best material for this purpose. The diagonally cut flannel

F1a. 48.—Circular turns of a bandage. (Eliason’s Practical Bandaging.)

bandage is sufficiently elastic so that it may be used as a pressure
bandage without any padding under it. The tension exerted
by the pressure bandage must never be sufficient to interfere
seriously with the circulation of the limb. Badly injured tissues,
or those the subject of long-standing chronic disease, and the
tissues of the very young or very old bear pressure badly.

VII. THE “ TURNS” USED IN BANDAGING

In order to make the folds of the roller bandage lie smoothly
and with equal tension it is necessary to vary the manner of
placing them in a number of ways as the bandage is wound in
successive layers about the limb or other part. These various
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turns are very simple in char-
acter, but it is difficult to de-
scribe them clearly, and they
must be learned from pictures
and by practical demonstra-
tion. They are six in number
and are known as the ‘ circu-
lar,” the “ spiral,” the ¢ ob-
lique,” the ‘reverse,” the
“figure-of-eight,”’ and the ‘‘re-
current ”’ turns. A bandage
may be applied using one of
these turns exclusively, or two 3
or more in combination, or
even changing from one to
another at each successive
encircling of the part with the
bandage, unconsciously select-
ing each time the particular
turn that is best adapted to
the case in hand, and forget-
ting all the rules laid down in
the text-books on the subject.
This latter method is the usual
practice with those who do
much bandaging and gives the
best results as regards effi-
ciency, although not always
the most finished appearance.

The circular turn is one
which simply encircles the part
overlying the preceding turn.
It is used principally to fix
the free end of the bandage at
the start (Fig. 48).

The spiral turn is what its
name indicates, each turn over-
lapping the preceding turn with
parallel edges (Fig. 49). It
is applicable where the diam- Fia. 49.—Spiral and oblique turns. (Eliason's
eter of the part does not vary. Practical Bundaging.)
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In making the oblique turn the bandage is allowed to fall
in any direction across the limb where it will lie smoothly, no
attention being paid to uniform overlapping of the preceding
turns.

The reverse turn (Fig. 50) is made when it is fo