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PREFACE TO FOURTH EDITION.

IN the present edition of this manual those portions of the text dealing
with investigation of the patient, particularly by instrumental means, e.g.,
bronchoscopy, esophagoscopy, proctoscopy, radiography, etc., have been
expanded. Important changes have been made in the articles on trans-
fusion, hemorrhage, spinal puncture, colectomy, hernia, tumors of the hypo-
physis, and the surgery of the lung, the liver, the stomach, the spleen, and
the breast. Among the new sections that have been added may be men-
tioned those on exclusion of the pylorus, sporotrichosis, the surgical aspects
of purpura, esophagectomy, esophagoplasty, foreign bodies in the palm,
infections of the hand, and those on the transplantation of fat, fascia, bone,
and veins. A number of the old illustrations have been discarded, a number
of new ones inserted.

Dr. Willis F. Manges has kindly criticized the pages on the X-ray; Dr.
W. Estell Lee, Dr. Edward J. Klopp, and Dr. Henry P. Brown, Jr.,have looked
over several chapters and made numerous valuable suggestions. s

F.T.S.
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PREFACE TO FIRST EDITION.

THE following pages have been prepared for the undergraduate, whose
crowded hours demand a manual stripped of verbiage and unessentials, and
for the medical practitioner who seeks a guide to present-day surgery. The
chief desire, therefore, has been to set down concisely and completely those
facts which the student must know, and to make such suggestions in diag-
nosis and treatment as will best aid the physician in his daily practice—in
short the main aim has been to be brief and practical. For these reasons
historical matter and bibliographical references have been omitted, and em-
phasis has been laid on those details which experience teaches to be of the
greatest clinical importance.

Although information has been drawn from many sources, most aid
has been derived from the text-books of Da Costa, Tillmanns, and Rose
and Carless, from the operative surgeries of Binnie, Bryant, and Treves,
and from the systems of Ashhurst, Delbet, and Le Dentu, and Von Berg-
mann, Von Bruns, and Von Mikulicz. Mention must be made, likewise, of
the freedom with which the ideas of Gibbon, Harte, Hearn, Hutchinson,
Keen, Le Conte, and Roberts have been appropriated.

Owing to the liberality of the publishers it has been possible to insert
many original illustrations; most of those labeled Pennsylvania Hospital
have been made from photographs secured while acting for Dr. Robert
G. Le Conte in that institution. Thanks are due also to Dr. Charles
F. Mitchell, Dr. James W. MaclIntosh, and Dr. W. Estell Lee for valuable
assistance in preparing portions of the manuscript, in reading proof, and in
making the index. F.T.S.
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MANUAL OF SURGERY.

CHAPTER 1.
DIAGNOSIS AND RONTGEN RAY.

Diagnosis is the process whereby the nature of a disease is determined;
the term is applied also to the result of this process, i.e., the name of the
disease. In many instances the condition, a crushed foot for instance, is self-
evident and a direct diagnosis may be made; in others the symptoms suggest
two or more affections, which must be distinguished by differential diagnosis;
and occasionally a diagnosis by exclusion must be made; thus in a case
of retroperitoneal sarcoma, it may be necessary to consider all the other
forms of abdominal tumor, and to rule them out one by one, because of the
absence of special symptoms, until finally the real cause of the growth is
determined. In order to be complete a diagnosis should include the organ
orpart affected (anatomical diagnosis), the nature of the affection (pathological
diagnosis), the constitutional change resulting from or causing thelocal lesion,
the presence or absence of independent or associated maladies, and the indi-
viduality of the patient.

A diagnosis is made by interrogating the patient (subjective symptoms) and
by physical examination (objective symptoms or signs). The chief factors in
diagnosis are to obtain correct facts, to interpret them properly, to know what
to look for, and above all to look. ‘More mistakes are made by want of
looking than by want of knowing.” 1In practice the analytical method is usu-
ally employed; the attention is first directed to the offending part, and by
examination, coupled with questioning the patient, one considers the condi-
tions most likely to be the cause of the symptoms, and then by further examin-
ation the diagnosis is finally reached. The synthetical or historical method is
more scientific, more accurate, and better adapted for the keeping of written
records. It consists of (a) the history (anamnesis), which, with the name of
the patient and the date of examination, includes (1) the age, (2) address and
nationality, (3) sex, (4) social condition, (5) family history, (6) previous his-
tory,and (7) the history of the present illness; and (b) the physical examination
(status presens), which comprises (8) an examination of the affected part, (9)
an examination of regions clinically related to the affected part, and (10) a
general examination of the whole body.

1. The apparent as well as the real age should be noted. In childhood
irritability of the nervous system is marked, and high fever and convulsions
may be caused by trivial affections which would cause no such disturbances
in the adult. A malignant neoplasm in a child would probably be a sarcoma,
in later life a carcinoma. Ulcers in children may be due to tuberculosis
or congenital syphilis; in adults syphilitic and traumatic ulcers are frequent;
later in life the varicose ulcers and epitheliomata predominate. In the

1



2 MANUAL OF SURGERY

child an injury to an extremity may result in a greenstick fracture or epi-
physeal separation, the same in an adult might cause a complete fracture or
a dislocation. In intestinal obstruction one would suspect imperforate anus in
the new born, intussusception in infancy, and impacted feces or cancer in
old age. In children difficulty in urination would probably be due to phimo-
sis or calculus, in adults to stricture, in old age to enlarged prostate. In
childhood infantile paralysis, congenital syphilis, rickets, adenoids, prolapse
of the anus, rectal polypi, malformations, nevi, noma, foreign bodies in the
air passages, tuberculous lymph glands, acute infectious osteomyelitis,
postpharyngeal abscess, hemophilia, renal sarcoma, hydrocephalus, cretinism,
and intussusception are common; in adolescence appendicitis, gastric ulcer,
osteoma, chondroma, tuberculosis of bones and joints, and sexual disorders
are frequent; in middle age aneurysm, carcinoma, floating kidney, mollities
ossium, and gall-stones are most apt to occur; in old age hypertrophy of the
prostate and degeneration of the circulatory apparatus, leading to gangrene
and other disorders, are prone to develop. Hernia is most frequent at the
extremes of life. Infancy and old age do not stand operations well, but
infants who escape the immediate dangers of operation often convalesce
more rapidly than adults.’

2. Not only the present, but previous addresses should be ascertained, as
well as the place of birth. Goiter is prevalent in Switzerland, Tyrol, South-
eastern France, Northern Italy, parts of England, and in the Himalayas and
Andes; leprosy in Norway and the tropics; bilharzia hematobia, tetanus,
filariasis, and hepatic abscess in the tropics; rachitis in densely populated
centers; vesical calculus in India and parts of England; hydatid disease in
Iceland and Australia. The Negro is more susceptible to tuberculosis,
aneurysm, elephantiasis, tetanus, and benign neoplasms, especially the fibro-
mata; less liable to malignant disease, stone in the bladder, varicose veins,
appendicitis, congenital deformity, enlarged prostate, and gall-stones; and
less resistant to operative procedures. The Hebrew suffers frequently from
intestinal and rectal disorders, and is more prone to develop diabetes with
its surgical complications; his symptoms should be analyzed with due con-
sideration to his highly sensitive nervous system.

3. The sex is occasionally of some importance in making a diagnosis. Ex-
cluding diseases of the reproductive organs, females are more liable to goiter,
floating kidney, enteroptosis, gall-stones, mollities ossium, Raynaud’s disease,
myxedema, stricture of the rectum, tuberculous peritonitis, arthritis defor-
mans, hysteria, and functional nervous troubles, but they stand operations
better than men. Males are more apt to develop aneurysm, actinomycosis,
appendicitis, cerebral abscess, cystic kidney, cirrhosis of the liver, Dupuy-
tren’s contraction, hematoma auris, hemophilia, intussusception, lymphade-
noma, pancreatitis, stricture of the urethra, stone in the bladder, cancer of
the lip, stomach and rectum, and conditions produced by exposure, hard
work, and injurious habits.

4. Under the social condition note whether the patient is single or mar-
ried, widow or widower. If a woman, elicit the menstrual history, the amount
and character of leukorrhea, the number of children and miscarriages, the
date of the last confinement, and the presence or absence of puerperal com-
plications. Ascertain the nature of previous occupations as well as the present
one. Active occupations predispose to hernia, aneurysm, and various forms
of injury; sedentary occupations to gall-stones, hemorrhoids, ulcer of the
stomach, and functional neuroses; standing occupations to varicose veins and
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flat-foot. Certainoccupations, by forcing the individual to assume a particular
attitude or to use a certain set of muscles, produce alterations in the form of
the body, thus the shoemaker, tailor, and rag-picker become round shouldered,
and one who carries a load on the same shoulder day after day, or who usesone
arm or leg constantly, may develop scoliosis. Constant pressure on a part,
necessitated by many occupations, may produce deformity, callosities,
bursz, and even neoplasms.” Skin handlers and wool-sorters are predisposed
to anthrax; hostlers to glanders and tetanus; butchers, doctors, and veterinar-
ians to anatomical tubercle and other infections; painters, potters, plumbers,
lead-makers, tailors, and seamstresses to lead poisoning; match-makers to
phosphorous necrosis of the lower jaw; morocco workers and those who use
acids to ulcers of the hands and forearms; and those who handle grain to
actinomycosis.

5. The family history includes an investigation into the diseases which
have occurred, or the cause of death, in the parents, grandparents, uncles and
aunts, brothers and sisters, husband or wife, and children. Especially to be
inquired for are calculus, malformations, hemophilia, syphilis, tuberculosis,
rheumatism, alcoholism, malignant tumors, and nervous affections.

6. In the previous history note the habdits of the individual, especially
regarding alcohol, which predisposes to aneurysm, delirium tremens, tuber-
culosis, neuritis, etc.; tobacco, which predisposes to carcinoma of the mouth
and nervousness; tea and coffee, with reference to neuroses and gastric
disorders; and the sexual life, particularly as to excesses and masturbation.
Inquiry should be made also for previous injuries, diseases, and operations.
Injuries may be followed by sarcoma, tuberculosis, epilepsy, abscesses, and
many other disorders. Among the diseases which may have occurred the
most important are syphilis and tuberculosis. Certain diseases predispose
to subsequent attacks of the same malady; among such are appendicitis, sal-
pingitis, gall-stones, kidney-stones, erysipelas, delirium tremens, neuralgia,
rheumatism. Others render a patient more vulnerable to dissimilar affec-
tions; appendicitis, gall-stones, and osteomyelitis often follow typhoid fever;
stricture of any of the canals of the body, ulceration involving those canals;
vesical calculus, renal colic; arthritis, gonorrhea. Operations are responsible
for a host of evils, e.g., laparotomy may be followed by hernia, adhesions,
or intestinal obstruction, ovariectomy by amenorrhea, gastroenterostomy by
ulcer of the jejunum, thoracotomy by scoliosis, trephining by epilepsy, thyroid-
ectomy by tetany, myxedema, or aphonia. The history of removal of a tumor
may explain obscure brain symptoms due to metastases. We recently saw
a case in which a hernia cerebri was incised for an abscess, a mistake that
could not have occurred had the physician known t.hat a decompressive
operation had been performed.

7. The history of the present illness includes not only the symptoms,
but the supposed cause, the duration, the manner of onset, and the previous
treatment. As to the supposed cause, there may be a history of exposure to one
of the infective diseases, such as erysipelas or syphilis; in this connection it is
important to ascertain the. time elapsing between the exposure to infection
and the beginning of the symptoms, i.e., the period of incubation. The dura-
ion sometimes has considerable bearing on the diagnosis, e.g., a tumor which
has lasted a number of years is probably benign, one which has lasted but a
few months and is growing rapidly is probably malignant. The onset is
sudden in appendicitis, perforative peritonitis, various colics, and acute in-
fections; aneurysm, tumors, ascites, and strictures of various kinds come on
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slowly. The previous ircatment may be of assistance in diagnosis; it may have
failed, e.g., a tumor or ulcer unmodified by mercury and potassium iodid is
probably not syphilitic, chills uninfluenced by quinin are not malarial;
it may have succeeded, e.g., a scrotal tumor disappearing temporarily after
withdrawal of a serous fluid is a hydrocele, after taxis a hernia; it may have
intensified the symptoms, e.g., intestinal obstruction is made worse by purga-
tives, internal hemorrhage by stimulants; or it may have created additional
mischief, e.g., drug eruptions, mercurial stomatitis, catheter cystitis, carbolic
acid gangrene, iodoform delirium, splint sores, crutch palsy, ligature sinus,
paraffin tumor, X-ray burn, cystoscopic ulcer. It may also obscure the
diagnosis, e.g., chancre and epithelioma may be disfigured by caustics, the
symptoms of peritonitis may be clouded by opium, and an unconscious man
who has been given whiskey may be wrongly treated as an alcoholic.

8. Thelocal examination needed will usually be indicated by the patient.

By inspection the size, shape, situation, and color of the lesion may be
determined, as well as abnormal motion, and the lesion may be studied with
reference to the influence of posture, active or passive motions, etc.

Whenever possible the size of a lesion should be expressed in exact terms,
thus a tumor may be measured with calipers or tape measure, instead of being
compared in size with an orange or other object. The length of a limb com-
pared with that of its fellow is of the greatest value in the diagnosis of fractures
and dislocations, as are also the length of the urethra in enlarged prostate, the
width of the intercostal spaces in empyema, and the size of the head in hy-
drocephalus and microcephalus.

The shape may be accurately determined by a plaster cast, soft lead strips,
photographs, or autoprints, e.g., in flat-foot. It is frequently of assistance
in recognizing surgical conditions, especially fractures and dislocations. As
other examples may be mentioned the notched teeth of hereditary syphilis,
the pear-shaped swelling of a hydrocele, and the fusiform enlargement of a
tuberculous joint.

The situation of a lesion may indicate not only the anatomical but also
the pathological diagnosis (see diagnosis of ulcers and tumors).

" The color should always be observed. Localized yellowish discoloration
may be caused by xanthoma, an old bruise, or a nitric acid or iodin stain;
bronze patches by syphilis, tuberculosis, scurvy, abdominal tumors, oil of cade,
blistering agents, exposure to electric light or the X-ray, and the pressure of
garters, belts, or collar buttons; white patches by ergotism, scars, frost bite,
carbolic acid, leukoplakia, Raynaud’s disease, neuritis, and leprosy; redness
by acute inflammation or hyperemia (disappears on pressure but returns
immediately on removal of the pressure), or by dyes, etc. (does not disappear
on pressure and may ‘be washed off); blueness, or lividity, by venous obstruc-
tion, nevus (returns quickly after pressure is removed), beginning gangrene
(returns slowly after the relief of pressure), and ecchymosis (unaffected by
pressure); blackness by moles, warts, gangrene, and melanotic sarcoma;
greenish discoloration by chloroma; change of color by nevi; and li near dis-
coloration by lymphangitis, rarely phlcbitis and neuritis. The mingling of
purple and red is often observed-over malignant growths. Petechia and
ecchymosis are unaffected by pressure; they occur in many diseases, but it
will suffice here to mention only those which interest the surgeon, viz. scurvy,
hemophilia, iodism, jaundice, pyemia, septicemia, snake poisoning, and
lightning stroke. Occurring several days after an injury, ecchymosis indi-
cates rupture of some deep structure, such as muscle or bone.
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Absence of motion is noticed in most inflammatory troubles, e. g., the chest
in pleurisy, the abdomen in peritonitis; it is caused by a tonic contraction
of the muscles, which gives another important sign, rigidity. Pulsation may
be expansile (the swelling enlarges in all its diameters with each cardiac
systole), e.g., in aneurysm, tumors communicating with the cranial cavity,
and very vascular growths, such as goiter, some sarcomata, and certain
angiomata; or ransmitted (the movement is in one direction only), e.g., in
tumors situated over an artery and in the abdomen of nervous individuals.
Transmitted pulsation ceases if the tumor can be lifted or, by posture, made
to fall away from the artery. Increased motion is exemplified in the hurried
respiration of intrathoracic disease, and the active peristalsis of intestinal
obstruction. -

In addition to the aids to the eye which have already been mentioned are
the microscope, instruments for looking into cavities of the body (ophthalmo-
scope, laryngoscope, bronchoscope, etc.), aspiration to determine the con-
tents of a cavity or swelling, and exploratoryincision. Diaphany, ortrans-
lucency, is employed to detect disease of the maxillary antrum, by placing a
light in the mouth; to determine the size of the stomach, by passing a
light into this organ; and to ascertain the nature of some swellings, such as
hydrocele and meningocele, by placing the tumor between the light and the
eye, in a dark room, and looking through the barrel of a stethoscope or a
tube of paper.

Palpation is used to corroborate inspection, to ascertain the size, shape,
position, etc., of a lesion which cannot be seen, e.g., by rectal or vaginal
examination; and to determine the consistency, sensation, mobility, and
local temperature. The contsistency of normal tissues may be modified by the
presence of solids, fluids, or gases. Solids, of which the most prominent ex-
ample is tumor formation, may cause the tissues to become harder (osteoma,
etc.) or softer (myxoma, etc.). Fluid infiltrates the tissues giving rise to
edema, or accumulates in a cavity giving rise to fluctuation. Edema
which is shown by the persistence of an indentation after digital pressure,
occurs in contusions, inflammations, suppuration, obstruction to the venous or
lymphatic circulation, extravasation of urine, and in diseases of the heart,
lungs, liver, and blood. Hysterical edema and myxedema do not pit on
pressure. Fluctuation is the wave felt by the hand on one side of a swelling
when a sharp tap is given to the other side. In order to obviate the mistake
due to a wave transmitted through the skin and subcutaneous tissues, the
hand of an assistant may be placed on the swelling, between the hands of the
examiner. This sign is often difficult to obtain when the fluid lies beneath
firm fascia or thick muscle, is small in quantity, or under great tension, and
it is often fallacious in semisolid tumors. Another sign, which is often called
fluctuation, is the raising of the fingers of one hand when the fingers of the
other hand push into the swelling; it may be obtained in normal tissues, in
soft, elastic or movable tumors, and in tumors containing gas, as well as in
swellings which contain fluid. Error may sometimes be avoided in eliciting
this sign, e.g., in muscular tissue, by testing it longitudinally as well as trans-
versely. Gas in the tissues (emphysema) causes a doughy swelling which
crepitates on pressure. This crepitus, which is crackling in character,
should not be confused with that of fracture or osteoarthritis, which is harsh
and osseous; of epiphyseal separation, which is soft and cartilaginous; of
synovial inflammation, which is creaking and leathery; or with that of blood
clot or hydatid disease, which is moist and yielding. In certain bone diseases
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(cysts, sarcomata, craniotabes, disease of the frontal and maxillary sinuses) a
crackling sensation may be obtained on pressure (parchment crepitus), owing
to thinning of the osseous tissue; and in synovial inflammations with rice
bodies a special form of crepitation may be obtained by forcing the bodies
along the sac. Related to crepitus is tkrill, which may be felt over an aneu-
rysm or vascular tumor, and sometimes in the case of a foreign body in the air
passages.

Aside from pain, disorders of semsation (hyperesthesia, hypesthesia,
anesthesia, paresthesia, alteration of the heat sense or thermoesthesia, of the
pressure sense, etc.) are mainly of value in diseases and injuries of the nerv-
ous system. Pain is the most frequent symptom; and tenderness, which is
of more value to the surgeon than pain, is pain on pressure. Its siluation
does not always indicate the seat of disease. In a lesion near the origin of
a nerve pain may be felt in the periphery; in a lesion at the periphery, at the
end of another branch of the same nerve. Certain diseases of the brain and
spinal cord produce pain at the nerve terminations. General pain or aching
of the body may be present in acute infections or intoxications. If pain
corresponds exactly to the distribution of a nerve, the cause will probably
be found along the trunk or at the root of that nerve; the pain of a local lesion
does not confine itself to the distribution of a single nerve. Absence of tender-
ness in a painful region generally but not invariably indicates that the pain is
referred, but even in referred pain tenderness may be present. Pain in the
top or the back of the head may be due to pelvic disease; in the supraorbital
regions and the temples to disease of the eye; in the side of the head and the
ear to disease of the teeth; in the forehead to disease of the nose or the naso-
pharynx; above the left clavicle to disease of the colon or the diaphragm; in
the side of the chest to disease of the vertebra or the spinal cord; in the right
shoulder to hepatic disease; in the nipple.and the breast to uterine disease;
between the shoulders to disease of the stomach and intestines; in the sacral
region to intrapelvic disorders or disease of the testicle, rectum, or hip; in the
epigastrium or any portion of the abdomen to diseases of the spine or the
spinal cord; along the outer side of the thigh and in the heel to ovarian dis-
ease; at the inner side of the knee-joint to disease of the hip; in the sole of the
foot to disease of the prostate, ovary, or rectum; in the head of the penis
to vesical calculus.

The character of pain is sharp, knife-like, or lancinating in acute inflam-
mations of serous membranes; dull or bruise-like in inflammations of mucous
membrane, connective tissue, and parenchymatous viscera, and in chronic in-
flammation; paroxysmal in floating kidney, labor, neuralgia, colics, spinal
tumor, and intestinal obstruction; shifting in hysteria, rheumatism, and flatu-
lence; gnawing or boring in cancer, diseases of bone, and sometimes in lithemia ;
aching in muscles; burning and itching in the skin; smarting or scalding in the
urethra; nauseating 'n the testicle; throbbing in suppurative inflammations;
bearing down (tenesmus) in cystitis, proctitis, and labor. Pain which sud-
denly ceases may be due to the passage of a stone, the sudden overcoming of
some obstruction, or to beginning gangrene. It is also studied with reference
to the effect of pressure, change of weather, movements, etc. Most pains
are worse at night, particularly those due to carcinoma, diseases of bone,
rheumatism, locomotor ataxia, and neuritis. Much allowance must be made
for the variation in individual tolerance to pain. The degree of tenderness
may to some extent be gauged by the effect upon the facial expression and the
pulse, and by the presence or absence of involuntary muscular rigidity.
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Abnormal mobility is found in fractures, ruptures of ligaments, dissolu-
tion of joints, floating kidney, etc.; more or less immobility in ankylosis,
inflammatory or neoplastic infiltrations, and in growths springing from a
fixed portion of the body, e.g., osteoma.

The local temperature is elevated in inflammatory diseases and very
vascular tumors, lowered in gangrene and trophic lesions. It may be accu-
rately measured with'a surface thermometer.

As aids to palpation may be mentioned probes and sounds, placing the
patient in various postures, and measures for relaxing muscles, particularly
general anesthesia.

Percussion is employed to outline organs, determine the composition of
accumulations in cavities and the presence of gas in tumors, detect points of
tenderness, and occasionally, as in hydrocephalus and certain fractures, to
elicit the cracked-pot sound. Auscultation is used to detect disease in the
chest, the presence or absence of intestinal peristalsis, the bruit of an aneu-
rysm, the sound of a fetal heart, the succussion splash of a dilated stomach,
the deglutition sound, and the garrulity of wounds communicating with the
respiratory apparatus. Crepitus which cannot be felt may occasionally be
heard, e.g., in fractures of the ribs. As aids to auscultation may be mentioned
the stethoscope, the phonendoscope, and the telephonic probe.

The sense of smell may reveal necrosis of bone, gangrene of soft tissues,
fecal fistule, stercoraceous vomitus, and ammoniacal urine. The odor of the
breath is of value in diagnosticating uremia, acetonemia, diabetes, and
some forms of poisoning. The odor in pyemia is that of hay, in hepatic
abscess liverish, in actinomycosis earthy, in jaundice and peritonitis musty, in
the critically ill cadaveric.

9. An examination of the regions clinically related to the affected
part is of the greatest importance. A part should always be compared with
that of the opposite side of the body, to detect deviations from the normal,
e.g., in fractures and dislocations; and to ascertain whether the same lesion is
present on both sides, e.g., hernia, tuberculous epididymitis, chronic mastitis,
salpingitis, syphilitic eruptions, and many other conditions are often bilateral.
In local infections and neoplasms the anatomically related lymph glands
must be examined, and conversely in lymphadenitis the regions which the
lymph glands drain must be scrutinized. One should make sure the pulse is
present below fractures and dislocations, motion and sensation below wounds;
examine the superhcial veins for distention In tumors, the muscles for atrophy

e

i joint disease, the spine for scoliosis in asymmetry of the lower limbs, the
knee for effusion In fractures of the femur, the liver for_cirrhosis in
hemorrhoids. T

T 10. A careful general examination is too often neglected. Attention
need be called only to the fact that stomatitis may be caused by chronic
nephritis; furunculosis and gangrene by diabetes; varicose veins of the leg by
disease of the heart; amenorrhea by anemia; ulcer on the sole of the foot by
disease of the spinal cord; and to the fact that abdominal disorders may be
simulated by disease of the lungs, spine, spinal cord, and by hysteria. The
height and weight should be noted. A progressive decrease in keight is found
in diseases like arthritis deformans. The patient’s best weight and his
present weight should be taken. Cachexia means marked emaciation, great
weakness, and profound anemia; T{ s seen in carcinoma, diabetes, tubercu-
losis, chronic suppuration, large ovarian cysts, hereditary syphilis, organic
disease of the stomach, stricture of the esophagus, and in obstructions of the
thoracic duct. ST T

)
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The facial expression is of great value to the experienced eye. As exam-
ples may be mentioned the vacant expression of adenoids, the anxious expres-
sion of peritonitis, the pale frightened face of acute hemorrhage, the threaten-
ing and suspicious facies of delirium tremens, the staring expression of exoph-
thalmic goiter, the mask-like expression of paralysis, the unmeaning grimaces
of hysteria, the risus sardonicus of tetanus, and the weazened face of heredi-
tary syphilis. "The Hippocratic face—"The sharp nose, hollow eyes,
collapsed temples; the ears cold, contracted, and their lobes turned out;
the skin about the forehead being rough, distended and parched; the color
of the whole face brown, black, livid or lead colored,”—is the face of
impending death.

Posture—Lying on the back and constantly slipping toward the foot of
the bed is seen in acute infections or great weakness, the dorsal position with
both legs drawn up in peritonitis, the ventral posture in intestinal colic,
sometimes in abdominal aneurysm and spinal caries. The patient may lie
upon the affected side in empyema, and be coiled up on one side in cerebral
irritability and in various forms of colic. Great restlessness in bed indicates
nervous irritability, acute hemorrhage, sometimes shock; it is a bad sign in the
critically ill. The body may be bent forward so that it rests upon the fore-
head and feet (emprosthotonos), backward so that it rests upon the occiput
and heels (opisthotonos), or laterally (pleurosthotonos) in meningitis, strychnin
poisoning, tetanus, or hysteria. Orthopnea, in which the patient sits up and
grasps some firm object in order to fix the accessory muscles of respiration, is
often observed in diseases of the heart and lungs, large accumulations in the
thorax or abdomen, and in foreign bodies in or stenosis of the air passages. A
shuffling gai# with a rigid body suggests caries of the spine, a waddling gait
coxa vara or congenital dislocation of the hips. Thehead is thrownback and

the feet apart in large abdominal tumors and accumulations.

The pulse, temperature, and respirations should be taken, and one should
ascertain the condition of the organs of digestion, the spleen, the genitouri-
nary apparatus, the heart and blood vessels, the lungs, the organs of special
sense, and the nervous system. In special cases chemical and microscopical
examinations of various secretions, excretions, and discharges may be
required. :

Blood Examinations.—The red cells may be increased in number
(polycythemia) when the blood is concentrated, e.g., as the result of profuse
sweating, vomiting, diarrhea, starvation, and exercise; when oxygenation is
impaired, e.g., by high altitudes, cyanosis, and cardiac and pulmonary
disease; in myxedema, purpura, diabetes, and direct blood transfusion; and as
the result of active hemogenesis, thus after hemorrhages the blood-making
organs may in time supply more than enough cells to replace those which
have been lost. Oligocythemia (decrease in the number of red cells) takes
place when the blood is diluted by the ingestion of large amounts of fluid,
saline infusion, and when the genetic powers are overtaxed, e.g., by child-
birth, lactation, and at puberty. Amemia, or a reduction in the number of
red cells and the percentage of hemoglobin, may be primary, in which no
cause can be found, e.g., pernicious anemia and chlorosis; or secondary, the
most common causes of which are acute and chronic hemorrhage, bacterial
infections, malignant growths, malnutrition, intestinal and blood parasites,
and chemical poisons, such as lead, mercury, and the coal-tar derivatives.

Mikulicz believed that no general anesthetic should be given when the
hemoglobin is below 30 per cent., but surgeons do not adhere to this rule, ex-
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cepting, perhaps, in cases in which delay will cause not only no further de-
terioration in the quality of the blood, but also some improvement.

: Leukocytosis, particularly of the polynuclear cells, indicates an inflamma-

tory lesion, but only when other symptoms of the lesion are present, and only

when other causes for an increase in the white cells have been excluded;

hence, from the standpoint of surgical diagnosis, leukocytosis may be divided

into the noninfectious and the infectious.

Noninfectious leukocylosis may be physiological, e.g., in infants, during
pregnancy and digestion, and after exercise and bathing. It may occur in
rickets, cirrhosis of the liver, chronic nephritis, gout, carcinoma, and sarcoma
(the tymphocytes-being imexcess im tymphosarcoma). — It may Tollow the
administration of certain drugs, e.g., the salicylates, coal-tar derivatives,
potassium chlorate, camphor, digitalis, some of the aromatic oils, tuberculin,
thyroid extract, and quinin, acute and chronic hemorrhage, general anesthe- -
sia, and consequently the various surgical operations (a rising leukocytosis
after the second or third day, however, would be highly presumptive of a
septic complication). The leukocytosis of lymphatic and of splenomedul-
lary leukemia are easily recognized by the increase in the lymphocytes in the
former, and of the myelocytes in the latter. Agonal leukocytosis, which
occurs just before death, is due to the gathering of the leukocytes along the
walls of the capillaries as the result of the feeble circulation, or to a terminal
infection.

Infectious leukocylosis may accompany any of the bacterial diseases,
except uncomplicated influenza, measles, rubeola, typhoid, paratyphoid,
malta fever, leprosy, and tuberculosis; malaria and trypanosomiasis, which

are due to protozoa, also fail to show an increase in the white cells. The
most important infections from the standpoint of surgical diagnosis are
those of pyogenic origin.. The degree of inflammatory leukocytosis depends
upon the virulence of the microorganism and the resisting powers of the
patient, and some idea of the nature of these factors may be obtained by
comparing the leukocyte count with the general condition of the patient. If
leukocytosis is slight (12,000 to 15,000) or absent, it means, when the general
condition is good, that the infection is trivial, well encapsulated or chronic,
or, when the general condition is bad, that the infection is overwhelming. If
leukocytosis is marked (20,000 or higher) it means, when the general condi-
tion is good, that the infection, although serious, is probably being localized
or conquered, or, when the general condition is bad, that the infection,
although actively combated, is too great for the patient’s resistance. As
with the temperature, pulse, and respirations, repeated observations are of
more value than a single observation. A rising leukocytosis indicates a
spreading infection or pus formation. According to Hewitt the total
leukocyte count is an index of the patient’s resistance to the infecting organ-
ism, and the relative polynuclear count an index of the severity of the infec-
tion. If the relative polynuclear count is between 75 and 8o per cent. in-
fection is probably, if between 8o and 85 usually, and if above 85 almost
certainly present. The normal polynuclear count is from 6o to 70 per
cent. of the total number of leukocytes.

Todophilia (iodin reaction in the leukocytes) also is found in septic proc-
esses, but as it occurs in many other conditions. e.g., malaria, late typhoid, etc.,
it is of little value to the clinician. Eosinophilia occurs in parasitic diseases,
such as hydatid cysts, trichiniasis, anchylostomiasis, and filariasis, but it is
found also in asthma and certain skin diseases, hence its value is not absolute
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The presence of filaria is readily determined, however, by a microscopic
examination of the blood during the night.

An estimation of the coagulation time of the blood is particularly indicated
in cases like chronic jaundice and hemophilia, in which operation may be
fatal from uncontrollable oozing of blood. Normally it is from three to six
minutes.

Tests for hemolysis and agglutination should be made before direct blood
transfusion. In this connection should be mentioned also serodiagnosis for
syphilis, gonorrhea, pregnancy, and carcinoma.

Among the diseases which may simulate surgical conditions, and which
may be excluded by a blood examination, are malaria (malaria parasites),
typhoid fever (Widal reaction and leukopenia), lymphatic and splenomed-
ullary leukemia (enormous leukocytosis, particularly of the lymphocytes
in the former, and of the myelocytes in the latter), and lead poisoning (baso-
philic granulations in thered cells). It may be recalled that pneumonia, which
may simulate intraabdominal inflammation, causes a leukocytosis and that
Hodgkin’s disease produces no distinctive blood changes. Examination of
the blood for bacteria and acetone is sometimes desirable, both for diagnosis
and prognosis. For Cryoscopy see Chap. xxix.

Recently some stress has been laid upon the importance of accurately deter-
minating the blood pressure in surgical conditions. One may employ for this
purpose the Riva-Rocci sphygmomanometer. A rubber cylinder is placed
around the limb and then inflated until the pulse is cut off. The amount
of pressure in the cylinder is recorded by a mercury manometer. According
to this instrument, which is subject to error, the average blood pressure is
130 mm. of mercury.

THE RONTGEN RAY.

The Rintgen or X-ray penetrates substances opaque to the ordinary forms
of light, casts shadows, causes fluorescence of certain salts, and has the same
chemical action upon photographic films as sunlight. Recent investigations
show that the X-ray can be polarized, reflected, and deflected, that it has the
same velocity as ordinary light, and that its wave length is very short, the
waves recurring about 10 times as fast as those of sunlight.

The apparatus necessary for the production of the X-ray consists of a
sealed glass vacuum tube (Crookes tube), containing two or three electrodes,
and a machine capable of generating electrical currents of high voltage.
One of the electrodes, the cathode, is a concave metallic disk, which is con-
nected with the negative terminal of the exciting apparatus. At the focus
of this reflector is a metallic disk called the target. The electrode connected
with the positive terminal is called the anode. Electrical discharges suitable
for exciting a Crookes tube may be obtained from static machines, high fre-
quency coils, the ordinary induction coil, or preferably from the more
modern high-tension transformer. In a properly excited Crookes tube
there is a current of electricity flowing toward the cathode, from the concave
surface of which it is focused upon the target. As far as we know the
Rontgen rays originate at this point. As the Rontgen rays are invisible, the
green light seen in an excited tube is merely a fluorescence of the glass
produced by the rays. Coolidge has invented a new type of tube, which is
particularly valuable for therapeutic purposes. Its anode is a solid block
of wrought tungsten, its cathode a spiral of tungsten wire, which is heated
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to a definite temperature by the current from a 12-volt storage battery.
The high-tension current will pass through the tube only when this spiral
is heated to a certain degree of incandescence, and this degree of heat
determines the amount of current that can be passed through the tube.
Further, the voltage of the high-tension current determines the hardness or
softness of the X-rays emitted, so that by means of proper meters accurate
doses of the X-rays may be given. The vacuum in the Coolidge tube is
about 1,000 times as great as in the ordinary tube and needs no regulation.
The Fluoroscope consists of a piece of cardboard on one side of which
is spread a thin layer of finely ground crystals of barium platinocyanid,
potassium platinocyanid, or tungstate of calcium. This screen is mounted
in an apparatus so constructed as not to expose the operator to the X-rays
while studying the patient. When brought near an active Crookes tube,
the crystals become luminous and give off a faint green light. The trans-
parency of substances to the X-rays varies
according to their atomic weights. If the
hand be placed between an excited tube and -
the fluorescent screen, the softer tissues will
appear as faint shadows, and the bones,
which are more dense, as dark shadows.
When these shadows fall upon a photographic
plate, the silver bromid is changed as with

light rays, and if the plate is then developed, a m
permanent record of the shadows is obtained e
(Radiograph, or Skiagraph). To make good Il
pictures requires skill and much time, con- I‘ S

sequently most practitioners refer their cases 'p! |
to an X-ray specialist. The physician, how-
ever, should have some knowledge of the !
interpretation of plates, be familiar with the
indications for the use of the X-ray (diag-
nostic and therapeutic), and know the dangers
which may arise.

The interpretation of X-ray pictures is
a study in shadows, which, like those cast by

.'.
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\
]
\
\
\
\
. . . . . . '
a candle light, are subject to distortion in size '
]
\

and in shape, the least distortion occurring ‘

when the object is very thin, is in close contact ! g \

with the screen or plate, is as far from the D

tube as the rays are effective, and when the .

object and the target are in a plane perpen- _, ['0- L. —Note the size of the

. bject d its shad h
dicular to the plate, hence one should know ?hf?o,(,',‘,)e?"-.s lnsezsuath(::wt(:ge“agg

the distance between the tube, the object, and some distance from the plate; and
the plate, the angle at which the picture was of the object (c) and its shadow
made, and, if possible, the size of the object fﬁz l‘;sz’;;‘g‘eﬂ&ﬁ_’f& is far from
(Figs. 1 and 2). The kind of tube employed plate.

also influences the results. A high vacuum, or hard, tube gives a small
quantity of deeply penetrating rays and little contrast between the tissues
of different densities; a low vacuum, or soft, tube a large quantity of feeble
rays and decided contrast between the various tissues. One must be
familiar with the shadows of normal tissues at different ages. In the child
the bones cast faint shadows and some of the epiphyses are not visible until
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puberty. Ununited epiphyses may be mistaken for fragments of bone,
epiphyseal junctures for lines of fracture. Other sources of error are
defective plates; congenital abnormalities, e.g., a bipartite scaphoid; super-
imposed shadows, which may be recognized by taking a second plate at a
different angle; enlarged bronchial glands, siumlating aneurysm; and fecal
masses, calcified lymph glands, phleboliths, and like conditions, which may
be mistaken for calculi and foreign bodies.

As a diagnostic agent the fluoroscope permits quick and easy examina-
tions, but the images lack detail, so that small foreign bodies, and fractures
without deformity are frequently overlooked. Consequently the fluoroscope
is employed chiefly to observe the movements of aneurysms, the heart, the
lungs, the diaphragm, and of the stomach and intestines during peristalsis.
The radiograph gives a permanent picture with delicate detail and sharp
outlines not found in the fluoroscopic image.

These pictures are of great value in localizing foreign bodies, either ex-
traneous, such as bullets, needles, etc., or those formed within the tissues,
such as renal and vesical calculi. Minute fragments of coal, wood, and glass

F16. 2.—Diagram showing distortions produced by the X-ray. The horizontal line
represents the X-ray plate, seen in profile; the objects above, broken bones; those below
the shadows as seen on the plate. On the left is shown an oblique fracture with overlap-
ping, the shadows of which indicate a transverse fracture with separation; on the right a
transverse fracture with no overlapping, the shadows of which indicate an oblique fracture
with overlapping As the shadows of the fragments nearer the tube are larger and less
distinct than those close to the plate, an expert might detect these errors merely from the
skiagraph, but a novice could easily be deceived. In all doubtful cases a second plate, at
right angles to the first, should be taken or, better, stereoscopic plates made.

other than lead-glass, however, may evade detection, particularly if over-
shadowed by bone, or some distance from the plate. A preliminary fluoro-
scopic observation is made, and a mark placed on the skin directly over the
foreign body. Stereoscopic plates are then taken to determine the relation
of the foreign body to some surgical landmark. To obtain stereoscopic
plates it is necessary to have a plate holder, by means of which plates can be
inserted and removed without disturbing the part to be skiagraphed. Two
plates are exposed, the tube being moved horizontally two and one-half
inches, the average interpupillary distance. The plates are now developed
and examined with a stereoscope, when the depth of the foreign body and
the perspective of the various planes of tissue can be seen. Even the lines
in the skin will appear if a thin coating of bismuth be applied before the
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plates are made. If a surgical landmark is not in close proximity to the
foreign body a special localizing technic must be employed. Manges,
Sweet, and others have devised exceedingly accurate but complicated forms
of apparatus for this purpose, but the principle of all is that of angulation,
as in the method here described. The target of the X-ray tube is fixed
directly over the mark on the skin, the distance between the target, the
skin, and the plate being measured. The tube, with the vertical distance
from the plate remaining constant, is moved three inches to the left and an
exposure made, then three inches to the right of the starting point and a
second exposure made.  The plate is now developed, the distance between
the two images measured, and the depth calculated (Fig. 3). The X-ray
is indicated in the diagnosis of so many conditions, other than those already
mentioned, that, in order to avoid repetition, we must refer the student for
additional information to subsequent pages, particularly those dealing with
fractures, dislocations, bone diseases, sinus and fistula, the lungs and pleural
cavity, subphrenic abscess, the esophagus, the stomach,
the intestines, and the kidney. We shall there cal] atten-
tion to some of the methods employed to render trans-
parent structures-opaque and thus facilitate radiographic
examinations, e.g., the introduction of bismuth into sin-
uses and the stomach, of collargol into the pelvis of the
kidney, of styleted catheters into the ureters.

The therapeutic effects of the rays may be classi-
fied as follows: (1) The production of atrophic changes -
in the appendages of the skin; (2) the destruction of
organisms in the tissues; (3) the stimulation of the
metabolic processes of the tissues; (4) the destruction of
certain pathological tissues; and (5) theiranodyne effects.
In hypertrichosis, sycosis, favus, and tenia tonsurans it is
desirable to remove the hair. Atrophy and decreased
functional activity of the sebaceous glands are indicated in
comedo and acne. Though the rays apparently have no

effect on organisms growing upon culture media, they
have a decided effect upon their growth when in the
living tissues. Thus tuberculous ulcers and sinuses and
those due to ordinary pyogenic organisms may dry up
when exposed to the rays. A similar effect is produced
upon diseases due to mycelial fungi, such as tenia barbea,
tenia tonsurans, favus, and blastomycosis. The de-
struction of these organisms is probably brought about
by tissue cells stimulated to activity by the rays. Their
effect upon the metabolic processes is still problematical,
but their influence upon the blood in certain anemias,
notably splenomedullary leukemia, is unquestionable.
The only form of carcinoma which can be cured by the
X-rays is chronic superficial epithelioma, and even in this
excision is quicker and safer. In inoperable carcinoma
and sarcoma the rays are often of decided value in
lessening discharge, diminishing fetor, and ameliorating
pain, and occasionally the growth shrinks for a time.

F16. 3.—1 and 2
correspond to the
shadow of the foreign
body and are } inch
apart, the same dis-
tance as the shadows
on the plate; 3 and 4
correspond to the two
positions of the tube;
5 corresponds to the
distance of the target
from the plate. The
point where the lines
intersect represents
the depth of the
foreign body from
the surface next to
the plate. (American
Practice of Surgery.)

Some surgeons

advise exposures after all operations for carcinoma and sarcoma, to prevent

recurrence.

Good results have been claimed for this agent in exophthalmic
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goiter. In making therapeutic applications of the X-ray, the operator
should always protect the healthy parts by a shield of lead, and when the
rays are to be projected into deep structures filters of leather or aluminium
should be placed between the tube and the skin. These filters absorb the
softer rays, thus permitting larger doses of the penetrating rays without
irritating the skin. As an anodyne the X-rays have been used not only in
malignant disease, but also in neuralgia and other painful affections, some-
times with excellent results.

Untoward Effects.—The X-ray burn is characterized by delayed onset
and remarkable sluggishness in healing. The acute burn, i.e., one resulting
from a single prolonged exposure, usually appears on the second or third day,
but may be delayed as late as the fourteenth day. It is essentially an in-
flammatory process, appearing at first much like the erythema of sunburn;
if subsidence does not occur in this stage, vesicles and blebs develop which
rupture and expose the inflamed corium; occasionally the deeper structures
are invaded, and extensive sloughing may occur. The microscopic changes
are those of degeneration and inflammation. Chronic burns occur in those
constantly exposed to the rays. They appear slowly after an incubation
period of from three to eleven years. The clinical features are at first much
like those of acute burns, but the red color changes to a bronze or yellow, the
nails show ruge of malnutrition, telangiectatic spots develop, and the skin
becomes glossy because of the loss of glands and hair. Cracks and hyper-
keratoses appear and ulcers form, often exposing the tendons and even the
bones, and occasionally undergoing epitheliomatous degeneration. Porter
has collected 47 cases of X-ray carcinoma, with a mortality of 25 per cent.
The skin seems to be easily protected by the ordinary clothing, for no case
has been reported except upon the exposed surfaces. Several styles of gloves
have been devised for the protection of the hands, but the most satisfactory
suggestion appears to be the use of a large screen made of some substance
impervious to the rays, as heavy plate glass, sheet iron, or lead, behind
which the operator may stand. If healing does not occur after the usual
applications for ulcer, an X-ray burn may be excised, and the resulting raw
surface closed by a plastic operation or covered with skin grafts. Pro-
longed exposure to the X-rays may cause sterility in either sex, sometimes
transient, sometimes permanent. Examination of the blood of Rontgen-
ologists often shows a decrease in the total number of leukocytes and an
increase in the number of lymphocytes.

Radium and certain other mineral substances (uranium, thorium,
polonium) emit rays similar to, if not identical with, the X-rays. Radium
bromid is the material usually employed for therapeutic purposes. It is
kept in a hermetically sealed glass tube, which may be applied to a surface
lesion, or buried in the tissues after making an incision. Exposures last
from one to many hours. Radium therapy has been tried in the same
diseases that are treated by the X-ray. The time is not yet ripe for passing
judgement on the value of this agent. Its rays seem to have greater pene-
trating power than the X-rays, and some believe they have a specific action
not possessed by the X-rays. The chief objections to the use of radium are
its enormous expense and the difliculty in obtaining a pure sample.



CHAPTER II.
ANESTHESIA.

Anesthesia is a condition of insensibility induced by anesthetic agents.
GENERAL ANESTHESIA is associated with unconsciousness, and is
indicated to abolish pain during surgical operations, renal colic, etc.; to con-

trol convulsive seizures; to secure muscular relaxation in order to make a diag-
nosis, or to carry out such freatment as reduction of a hernia or a dislocated
joint; and to abolish volition in order to detect a malingerer. Except for the
purpose of saving life, it is contraindicated in profound shock, great exhaustion,
and in acute or advanced renal, circulatory, or pulmonary disease. The
general anesthetics most frequently employed are, in the order of their safety,
nitrous oxid (one death in 300,000), ether (one death in 15,000), ethyl chlorid
(one death in 12,000), and chloroform (one death in 3,000).

The choice of a general anesthetic depends principally upon the con-
dition of the patient and the character of the operation.

Ether is the best and least dangerous general anesthetic in the hands of
one with little experience, likewise in the hands of the specialist in anesthesia
when, as is the case in most of the major operations of surgery, the patient
is to be completely relaxed, hence, under these circumstances, should always
be employed unless there are distinct contraindications. ‘The most impor-
tant contraindication to ether is inflammation of some portion of the respiratory
_apparalus, owing to its irritating action upon mucous membranes. Of
secondary importance, and by no means absolute, are marked arteriosclerosis,
because of the danger of vascular rupture from the struggling incident to
the etherization; disease of the kidneys (many authors believe chloroform to
be more irritating to the kidneys than ether; in these cases nitrous oxid and
oxygen or local anesthesia should be employed whenever possible) ; operations
about the nose or mouth, in which the anesthetic can be applied intermittently
only, and in which chloroform, being more powerful, will better maintain
anesthesia (this contraindication ceases to exist if one of the insufflation
methods is employed); operations in which the actual cautery may
be needed in the region of the mouth, owing to the inflammability
of ether, although it may be used in these cases, if the precaution is first
taken to remove the anesthetic and fan away the fumes; and operations
performed in the presence of an exposed artificial light, although, since
ether vapor is heavier than air and descends, the danger in these cases is
obviated by placing the light several feet above the level of the patient’s
head. Ether should not be administered in the presence of fire in an open
grate or stove.

Chlofo{orm secures complete muscular relaxation, and it does not distend
the veins Jike ether, hence makes bleeding less annoying; it is also quicker
in its action, more agreeable to the patient, and more convenient to the
anesthetist and operator, especially in operations about the head, face, and
neck; but these advantages are overbalanced by its increased danger.
Chloroform is no safer in children or during pregnancy than at any other

15
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time. It is preferable in military surgery, because it economizes space and
time, and is generally employed in the tropics, owing to the great volatility
of ether. In diseases of the liver and in diabetes chloroform is absolutely
contraindicated. ~ In the latter nitrous oxid mixed with oxygen is the safest
genera.l anesthetic; ether, however, must be employed if muscular relaxation
is mandatory.

Nitrous oxid is by far the safest anesthetic for brief operations (from two
to five minutes) in which muscular relaxation is not desired, such as the
extraction of a tooth or the incision of an abscess. For longer operations
in which muscular relaxation is not important, nitrous oxid combined with
oxygen or with atmospheric air is the safest anesthetic. It is particularly
indicated in diabetes and nephritis. It is contraindicated when the heart
or the arteries are seriously affected, when there is mechanical obstruction of
of the air passages, when the patient is under five years of age (owing to the
ease with which infants are asphyxiated), and when the anesthetizer is un-
skilled. Muscular adults addicted to the excessive use of alcohol and tobacco
are bad subjects for nitrous oxid, indeed for any anesthetic. Among the
disadvantages attending the administration of nitrous oxid must be mentioned
its great expense, the necessity for cumbersome and complicated apparatus,
and the marked increase in venous congestion, the last constituting a decided
objection in many operations.

Ethyl chlorid is often used as a substitute for nitrous oxid in brief opera-
tions and as a preliminary to ether. As it is 25 times more dangerous than
nitrous oxid, however, we believe it should never be employed.

The preparation for anesthesia, in cases requiring a major opera-
tion in which there is no emergency, should extend over two or three days,
during which time, in addition to the special preparations for the operation
itself, the patient should be carefully examined, particularly for the presence
of dlsease of the heart, blood vessels, lungs, and kldneys The condition of
the nose, throat, and_ﬁmut]i— should be known, and in many cases a careful
examination of the blood will be required. The bowels should be moved
by a laxative, and an enema administered the morning of the operation.
The diet should be light and easily digestible. No solid food should be
given on the day of operation, although a cup of tea, coffee, or consommé
may be given not less than six hours before the time of anesthesia. In the
feeble and exhausted purgation should be avoided, and stimulating or nutri-
tive enemas may be continued until within a few hours of the operation.
Just before operation the patient should pass urine, or, if necessary, be
catheterized. If a woman, hair-pins should be removed and the hair braided
and done up in a cap or towel. Artificial teeth or other foreign bodies
should be removed from the mouth, the lips and nostrils greased, especially
if chloroform is to be used, and, to prevent conjunctivitis from chloroform
or ether vapor, the eyes covered with gauze moistened with boric acid solu-
tion. The patient should be protected from cold, and jewelry of various
kinds should be put away in a safe place. In cases of intestinal obstruction
the stomach should be washed out previous to the administration of the an-
esthetic, in order to prevent sudden death from inundation of the lungs with
vomited fecal matter. In minorsurgical procedures the period of preparation
mentioned above will not be required. In all these cases, however, a com-
plete examination should be made. A patient should never be anesthetized
without removing the shoes and without making sure that all clothing about
- the neck, chest, and abdomen is loose; corsets always should be removed.
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With the possible exception of nitrous oxid, a patient should never be an-
esthetized in the sitting posture.

The anesthetist should ascertain whether the patient has previously taken
an anesthetic, and whether addicted to the use of alcohol or other drugs.
He should know the results of the urinalysis, listen to the heart and lungs,
study the pulse, note the color of the skin and mucous membranes, and
assure himself that the mouth is free of foreign bodies. His hands should be
clean, and in operations on the head and neck they should be sterilized
and he should wear a sterile gown and cap. In addition to the anesthetic
and inhaler one should provide himself with a mouth-gag, tongue forceps,
a pair of hemostats with gauze sponges for swabbing out the pharynx, a hypo-
dermic syringe with strychnin and atropin, and a tracheotomy tube. It
is desirable to have also a solution of boric acid for the eyes in case they be-
come irritated, and in some instances oxygen may be needed; an electric bat-
tery is very rarely demanded. A third person should always be present to
assist, if necessary, in restraining the patient and to act as a witness, as unjust
accusations are occasionally made against the anesthetizer, especially by
females. :

The administration of ether by inhalation is rendered less terrifying to
the patient, and, it is said, actually less dangerous, if three or four drops of a
25 per cent. solution of oil of bitter orange peel in alcohol (75 per cent.) is
placed on the mask a few minutes before commencing the administration of
the ether. It is supposed that oil of orange, by dulling the sense of smell to
the irritating fumes of ether, prevents harmful reflex stimulation of the
pneumogastric nerve. One of three methods of etherization by inhalation
may be employed. In the open method, which is very slow, the ether is
inhaled from a folded towel, held over the patient’s nose and mouth in such a
way as not to exclude the air. The closed method, in which the air is decidedly
restricted, and in which the expiratory products are retained and rebreathed,
is quick, and warms, moistens, and economizes the ether, but is more dan-
gerous than either of the other meth-
ods. Some anesthetists maintain, how-
ever, that rebreathing, with all forms
of inhalation anesthetics, is physio-
logically advantageous. Those who
use the closed method find the Clover
inhaler satisfactory. It consists of
a dome-shaped ether reservoir sur-
rounded by a water chamber, which
maintains the ether at the proper
temperature for evaporation. A
fenestrated metal tube runs through
the reservoir from a large rubber
bag to the face piece. By rotating
the reservoir varying quantities of
vapor escape into the rubber bag, from which it is breathed backward
and forward with the expiratory products; fresh air may be admitted
from time to time by raising the face piece. The semi-open method, in which
the entrance of air is slightly limited, but in which the expiratory products
are not retained, is the one commonly employed. An inhaler may be im-
provised by rolling a folded towel or a piece of gauze into the shape of a cone.
The Allis inhaler (Fig. 4) consists of a cylindrical metal frame with slits in

2

F16. 4.—Allis’ Inhaler.
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the sides, through which a bandage is threaded backwards and for-
wards; this is enclosed in a leather case or folded towel which projects
beyond the frame and is fitted to the patient’s face. The inhaler is placed
over the patient’s nose and mouth, and after several breaths have been taken
to lessen fright, the ether is applied drop by drop until the patient is anesthe-
tized, the intervals between the drops becoming shorter as the patient becomes
accustomed to the vapor. The administration should be uninterrupted
and 'as nearly uniform as possible. During the first stage of anesthesia,
which ends with the loss of consciousness, the pulse is accelerated, the pupils
Targe and mobile, and a rather pleasant feeling of drowsiness, and tingling
in the extremities, is experienced. Many patients breathe deeply, others
hold their breath; in the latter instance all that need be done is to remove
the cone for a moment. Cough is rarely annoying if the drop method be
employed. With the onset of unconsciousness there is a short period of
analgesia (primary anesthesia), during which brief operations may be per-
formed. The second stage, or the stage of excitement, extends from the
. loss of consciousness to the loss of reflexes. Memory, volition, and
‘intelligence “are abolished, while laughing, shouting, and struggling may
occur. Slight movements of the extremities should not be restrained unless
they interfere with the anesthetist, as such often evokes greater struggling.
The pulse is rapid, the pupils are dilated and react to light, and the muscles
- T ’ T " may be rigid or thrown into clonic
contractions. At this time the
breathing may be irregular or
temporarilysuspended. Theface
is congested, sometimes cyanotic,
and often covered with perspira-
tion. More or less frothy mucus
ispresentin the mouthand throat,
and sometimes it becomes ex-
cessive. During the third stage
the breathing is deep and audi-
ble, the pulse full and regular,
the muscles relaxed, and the
corneal reflex abolished. Touch-
‘ing the cornea with the finger,
however, may produce irritation,
and it is much better simply to
separate the lids and notice the

Fic. 5.—Vaporizing apparatus. Note that presence or absence of flaccidity.
the ether reservoir is only half filled and that The pupils are of moderate size
the long tube in it is atta\(«l:hegil }:ot:]he p:rr:p; l)if :ll:g and react to light. Dilated
(s:l:l?(:‘ tv‘vlgglt;v i:: 3?&22&}:()[:;}16 re:evaoir.p’ lfllvcn PU}?llS failing to react tQ._l_l.gl_]t
when the tubes are properly arranged, a spray of indicate a dangerous degree of
ether may be forced from the rescrvoir, hence the anesthesia. During this stagea
small bottle on the left, which acts as a condenser. {ransient roseolous rash may be

noticed.

Insufflation of ether into the mouth, nose, or pharynx is indi-
cated particularly in operations about the head, face, mouth, and neck,
since it removes the anesthetizer from the field of operation and per-
mits an uninterrupted administration of the anesthetic. Anesthesia is induced
by one of the foregoing methods and maintained by a vaporizing apparatus
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(Fig. 5). By means of a hand bulb, a foot pump, or an electric blower, air is
forced through a bottle of ether, which is placed in a can of water at a tem-
perature of 98° F. The ether vapor, thus warmed, an important matter
according to recent investigations, passes through an empty bottle, which
acts as a condenser, to the outlet tube. The outlet tube is connected with a
curved metal or rubber tube which is hooked in the nostril or angle of the
mouth, or with a catheter which passes back through the nostril to the
level of the soft palate. Intrapharyngeal insufflation economizes ether,
facilitates breathing, and causes less cyanosis and post-anesthetic vomiting
than the ordinary inhalation methods; free exit should be provided for the
superfluous vapor by keeping the mouth open, or by inserting a tube in the
opposite nostril.

Intratracheal insufflation of ether (Meltzer-Auer) promises to supplant
the various forms of apparatus designed to prevent collapse of the lungs
during intrathoracic operations, since it not only obviates the danger of
pneumothorax but automatically ventilates the lungs. It is of great value
also in operations about the mouth and pharynx, in that it keeps the anes-
thetizer out of the way, eliminates the possibility of obstruction of the air
passages, and prevents the inhalation of blood, mucus, vomitus, and other
deleterious substances. It should prove of service in operations for intestinal
obstruction in which fluid is constantly regurgitated from the stomach, in
operations for goiter and similar conditions in which the trachea is dis-
placed or distorted, and in operations in which the patient must lie face
downwards. According to Peck the relief of all strain upon the respiratory
apparatus and consequently the relief of much strain upon the heart and
central nervous system is one of the most valuable features of the method.
‘ Overetherization is impossible.” In cases of apnea from opium poisoning,
etc., air, or air mixed with oxygen, can be blown into the trachea, thus main-
taining aération of the blood until spontaneous respiration returns. We
have employed intratracheal insufflation of ether in many cases, and feel that
its merits have not been overstated. The patient is first etherized in the
usual way; then, with the aid of a Jackson laryngoscope, a silk elastic catheter
is inserted into the trachea to a point just short of its bifurcation. In
addition to the noise produced by the breath passing through the catheter,
one may be sure it is in the trachea, unless there is a stricture or a diverticu-
lum of the esophagus, by pushing the catheter onwards until it meets the
resistance offered by the smaller bronchi. If more than 35 cm. of the catheter
can be introduced it is in the esophagus, in which event the ether will enter
and distend the stomach. The catheter should be about half the length of
the glottis in diameter, i.e., about 24 F. for the average adult, and corre-
spondingly smaller for children. It should have two marks on it, one 13 cm.
and one 26 cm. from the tip. When the latter mark is opposite the teeth the
first mark is opposite the glottis, and the tip 5 cm. above the bifurcation of the
trachea. The tube is held in place with a special clip, or fastened to the cheek
with adhesive plaster, and then connected with the insufflation apparatus.
The apparatus devised by Elsberg or a simpler home-made contrivance may
be employed. The air is driven by foot bellows (or an electric blower, in
which case an oil filter is needed) through a wash bottle containing hot water,
thus filtering, warming, and moistening the air, which is then delivered to a
bifurcated tube, one branch of which passes directly to the tube connected
with the catheter and the other to the ether reservoir, the ether reservoir
having another tube on its opposite side joining the tube connected with the
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catheter. By manipulating clamps or stop-cocks on these branches the
patient may receive pure air, pure cther vapor, or a mixture of air and ether.
In the Elsberg apparatus the percentage of ether and airis regulated by a hand
wheel which is connected with an indicator, so that the anesthetizer knows
the exact quantity of ether the patient is receiving. The tube leading to
the catheter is connected with a manometer, which records the pressure
of the air current passing through it. The average pressure during anes-
thesia should be 20 mm., but, if indicated, it can be increased to 40 or even
56 mm.  Every minute or two, however, the pressure should be reduced to
zero for an instant, to allow the lungs to deflate. The percentage of ether
needed varies with the patient, half ether and half air probably being the
average. ‘“If the patient is cyanosed, it means either that the tube is not
far enough in the trachea or that too large a tube has been introduced”
(Elsberg). At the end of the operation quick recovery from the anesthetic
can be secured by insufflating pure air, thus blowing the ether from the lungs.
Hoarseness and pulmonary complications are not produced by insufflation
anesthesia, post-anesthetic vomiting is less common than after other methods,
and shock from operation seems to be less marked (Peck and Elsberg).

Intratracheal insufflation of nitrous oxid and oxygen, after preliminary
etherization, has been tried by Cotton, Boothby and others.

Intravenous administration of ether (Burckhardt) is not recom-
mended. It may cause thrombosis and embolism, nephritis, hemoglobin-
uria, and, owing to the large amount of fluid injected, it increases the strain
on the heart, and markedly augments the bleeding, even from the smallest
vessels. It is especially dangerous in patients with vascular disease or a
high blood pressure. Kiimmel and others, however, advocate this method
of etherization in cases in which intravenous infusion of salt solution is
beneficial, e.g., in intraabdominal bleeding, gastrectomy for carcinoma,
etc. Normal salt solution at a temperature of 85° F. (ether boils at 96°)
containing 5 per cent. of ether is allowed to run slowly into a vein of the
arm, the technic being identical with that for the infusion of salt solution
(q.v.). Connected with the cannula, however, is a second tube which
leads from a reservoir containing salt solution without ether, so that when
the stream of ether is interrupted the salt solution can be turned on, thus
lessening the danger of clotting in the vein. In from five to ten minutes after
beginning the injection the patient is ready for operation. Kiimmel’s longest
anesthesia extended over two hours, during which time 1,700 cc. of the
mixture (corresponding to 85 grammes of ether) were injected.

Chloral, veronal, hedonal, isopral, and paraldehyd likewise have becn
administered intravenously for the production of general anesthesia, but are
more dangerous than ether.

Rectal etherization has been employed in operations about the upper
respiratory passages. A bottle of ether to which a rubber rectal tube is
attached is placed in water at a temperature of 120° F., or the ether vapor
may be forced into the rectum by means of the vaporizer shown in Fig. 5, a
rectal tube being substituted for the mouth piece. The disadvantages of the
method are the greater time necessary to induce anesthesia, and the unpleas-
ant sequelz, such as prolonged stupor, meteorism, and bloody diarrhea.

The administration of chloroform requires more skill and care than
etherization. A preliminary hypodermic injection of atropin is advisable,
as this drug prevents reflex inhibition of the heart, owing to its de-
pressing effect on the pneumogastric nerves. The chloroform may be inhaled
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from a handkerchief or a piece of gauze, but a special mask, such as the Skin-
ner or Esmarch (Fig 6), each of which consists of a wire frame covered with
one layer of flannel, is more convenient. The inhaler is held just over the
nose and mouth and the chloroform dropped onit. The average adult patient
will require one drop of chloroform every four or six seconds to maintain
anesthesia. The vapor should always be Iiberally mixed with air; liquid
chloroform should never be allowed to touch the skin, as it may produce
blistering. The phenomena of chloroform anesthesia are in the main similar
to those of ether. The first and second stages are shorter, the vapor is more
pleasant, and being less irritating than ether, not so much mucus is poured
out. An excess of chloroform causes the patient to hold his breath, and if
the inhaler is not withdrawn at this time, the patient may take a deep inspira-
tion and get an overdose. This accident has resulted in death, and should
be recalled when chloroforming crying children, and when a surgeon attempts
to operate before the third stage is reached, thus causing the patient to
breathe deeply. During the stage of muscular excitement, which is less
marked than with ether, the respirations should be watched with great care.
Chloroform vapor is not inflammable, but in the presence of a naked flame
gives off irritating products (phosgene .
and hydrochloric acid), which, in a
small room, may cause irritation of the
eyes and respiratory passages. The
third stage is characterized by quiet
respirations which are often difficult to
appreciate. The pulse is sluggish and
feeble in contrast to the full and rapid
ulse of ether. The pupil is moder- F1c. 6.—Esmarch Mask.
ately confracted unless the anesthesia is

rofound, when it dilates. ~ As with ether, dilated pupils, failing to react to
Egﬁt,mate’iﬁﬁgerOus degree of anesthesia. Throughout the anesthesia
"he pulse and respirations should be carefully watched. The character of the
respirations may be determined by listening to them, by observing the move-
ments of the chest and abdomen, and by noting the patient’s color. The
pulse may be felt at the temple.

Oxygen combined with ether or chloroform tends to prevent spasm*
of the respiratory muscles and cyanosis. That it lessens irritation of the
kidneys and post-anesthetic vomiting is doubtful. The oxygen, after bub-
bling through the anesthetic, is conveyed to the face piece through a rubber
tube. It may be given also by placing the end of the oxygen tube in or
beneath the inhaler. )

Nitrous oxid comes in steel cylinders, in which it has been liquefied by
pressure. Itis allowed to escape into a rubber bag in which it is vaporized,
and from which it passes through a tube to a mouth piece. A piece of cork or
wood to which a string is attached, so that it cannot be swallowed, is placed
between the molar teeth and the mouth piece adjusted. The gas is then
turned on and the nostrils closed by the thumb and finger. The patient
becomes cyanotic, the pupils dilate, and squint is often seen. With the onset
of unconsciousness, which is usually complete in about one minute, the
breathing becomes stertorous and muscular twitchings are observed. The
duration of complete anesthesia is about one minute. The pulse and respi-
rations should be carefully watched. Nitrous oxid is often used to induce an-
esthesia, which is then continued by ether, with the object of reducing the
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period of narcosis, the amount of ether used, and the unpleasantness of the
early stages of ether anesthesia. Anesthesia may be induced with an ordi-
nary nitrous-oxid apparatus and etherization begun with an ordinary inhaler.
Much better is an apparatus which allows the gradual administration of
ether before the nitrous oxid is discontinued. Hewitt uses a Clover’s
inhaler to which is attached a charged gas-bag holding about two gallons
of gas. By means of a stop-cock the patient is allowed to breathe about
one-half the nitrous oxid, the remaining half being breathed backwards and
forwards during the gradual admission of the ether. Nitrous oxid anes-
thesia may be prolonged by mixing the gas with atmospheric air, or by
combining it with oxygen; the latter method is the safer and may be em-
ployed in operations of any length, provided muscular relaxation is not
necessary. For the administration of nitrous oxid and oxygen Hewitt
employs an apparatus consisting of two steel cylinders containing the
respective gases; these communicate with two bags which are connected
with the mixing chamber, to which the mouth piece is attached. By means
'of a regulator the percentage of oxygen, which at the beginning of the ad-
“ministration should be 2 or 3 per cent., is increased progressively to 8 or 10
‘per cent. The longer the duration of the anesthesia, the greater the amount
of oxygen which may be given. In anemia and toxemia the quantity of
oxygen may, in some cases, be increased to 20 per cent., owing to the dimin-
ished oxygen-carrying capacity of the blood. Many anesthetizers have an
ether chamber connected with the apparatus, in order to secure, when
desired, at least partial relaxation. The addition of ether is demanded in
from 10 to 25 per cent. of major operations. A preliminary hypodermic
injection of morphin and atropin also tends to minimize muscular rigidity
and is almost a routine practice with those who give nitrous oxid and oxygen.

Ethyl chlorid, like ether, is highly inflammable, and is easily adminis-
tered without special apparatus. It may be given with a closed inhaler, or
by spraying it upon gauze placed over the nose and mouth. Ten cc. are
usually sufficient for this purpose. Anesthesia is induced in from one-half to
two minutes; the patient rapidly recovers, usually without vomiting or other
disagreeable phenomena. See also local anesthesia.

Ethyl bromid is somewhat similar in its effects to ethyl chlorid, and may
be used for the same purposes, but is less safe. It may be given from a
closed mask or from a towel. The entire dose of from 15 to 3o grams is
poured into the cone at once and all air excluded. Narcosis is quickly in-
duced and recovery rapidly follows. Ethyl bromid is a cardiac depressant,
and is contraindicated in children, in the weak and anemic, and in those
suffering from cardiac disease, alcoholism, and kidney affections.

Anesthetic mixtures containing chloroform, the best known of
which is the A. C. E. mixture (alcohol 1, chloroform 2, ether 3), should
rarely or never be employed. That they possess advantages over ether is
doubtful, that they are more dangerous is positive. Many operators prefer
to give gr. § to 1 of morphin hypodermatically a short time before beginning
the anesthesia, to shorten the preliminary stages, make them more pleasant,
and to obviate fear, limit the amount of anesthetic necessary, and prevent
shock. The objections to administering morphin are that it makes the
pupillary reaction, the most valuable guide in anesthesia, untrustworthy;
interferes with the expulsion of mucus, blood, or other material from the
air passages; depresses respiration, thus delaying the elimination of the
anesthetic after operation; and that it not infrequently causes vomiting.
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The practice should not be a routine one, but in certain cases, such as
morphin or alcoholic habitues, it may be advantageous. Hyoscin or atropin
is sometimes given just before ether in order to lessen the amount of mucus
secreted. Recently scopolamin-morphin anesthesia has been tried. One
milligramme of scopolamin (hyoscin), and 25 milligrammes of morphin are
divided into three doses, which are injected hypodermically 24, 14 and %
hour before operation (Korff). The patient falls into a sound sleep which
lasts for five or six hours after the last injection. Inhalations of chloroform
or ether may be necessary. Several deaths have been reported and the
method cannot be recommended.

Anociassociation is a term invented by Crile to designate a condition in
which, according to his theory, all noxious influences attending anesthesia
for operation are eliminated. Fear is abolished b} a preliminary hypodermic
injection of morphin and scopolamin; the patient is anesthetized with
nitrous oxid and oxygen, combined, if necessary, with ether; and, “as all
inhalation anesthesia puts asleep only a portion of the brain,” novocain or
other local anesthetic is injected into the field of operation, thus preventing
the harmful afferent impulses arising in the traumatized area from reaching
the brain.

Complicatiens during anesthesia arise chiefly from interference with
the respiratory or circulatory apparatus, the former more particularly with
etheramd Titrous oxid, the latter with chloroform. A second anesthesia,

within a Tew hours, is always more dangerous than the first; and irregular
administration, i.e., allowing the patient nearly to recover and then forcing
the anesthetic, is attended by much more risk than a uniformly deep narcosis.
Respiratory difficulties may be due to many causes not directly connected
with the anesthetic, such as faulty posture of the patient, assistants leaning
on the chest, tight bandages about the neck or chest, swellings within or about
the air passages, excessive distention of the abdomen, and diseases of the
lungs. Any of these should, of course, be promptly removed if possible.
It may be said at once that great rapidity or cessation of the respirations,
associated with cyanosis and rapid pulse, calls for vigorous measures. If the
cause is not obvious, the mouth should be opened, the tongue drawn forward,
and the pharynx cleared. If this does not overcome the difficulty, oxygen and
strychnin should be administered, artificial respiration employed and, if
necessary, tracheotomy performed. Only those causes more or less directly
connected with anesthesia will be considered at this time. Forgelting to
breathe, or holding the breath, may be encountered in the early stages, and is
met by withdrawing the anesthetic and perhaps dashing a little ether on the
chest or abdomen. Falling backwards of the tongue over the epiglottis re-
quires the turning of the patient’s head to one side, and pressure behind the
angles of the jaw, so as to lift it forward. Rarely will the mouth-gag and
tongue forceps be necessary for this purpose. The best tongue forceps is a
double tenaculum, which secures a firm hold without crushing or bruising.
The tongue may be pressed forward also by passing a finger into the pharynx,
a procedure which at the same time will reveal any other form of obstruction.
Falling together of the lips, especially in toothless patients, with or without nasal
obstruction, may interfere with respiration. All that need be done is to
place the finger or the end of a towel between the lips. Mucus, saliva, blood, |
pus, vomilus, or other liguids may be removed from the pharynx by turning |
the head to one side, and swabbing with gauze sponges secured by a hemostat. |
Spasm of the respiratory muscles requires the same treatment as falling back-
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wards of the tongue. If there is great rigidity of the muscles of the jaw,
tracheotomy may be necessary. Paralytic arrest of respiration may be pre-
cipitated with great suddenness, especially with chloroform. With ether the
approach is more gradual; the respirations become weaker and weaker, the
pupils dilate and remain immobile, the color grows dusky and the pulse
feeble. The treatment is artificial respiration, the administration of
strychnin subcutaneously, and inhalations of oxygen. Henderson advises that
the oxygen contain 10 per cent. of CO,. He believes, since CO, is the
predominant stimulant maintaining respiration, that apnea is not infre-
quently due to acapnia (deficiency of CO,), the result of excessive breathing
during the stage of excitement; hence unskilled timidity in the administration
of an anesthetic, rather than overboldness, may be responsible for some
cases of respiratory failure. Edema of the lungs is not often encountered.
The patient may be inverted to favor drainage from the lungs, and oxygen
and cardiac stimulants administered. Venesection is sometimes employed
to relieve the right side of the heart, and artificial respiration should be per-
formed if breathing ceases. Cyanosis is simply a symptom which has for
its cause one of the conditions mentioned above. Artificial respiration is

F16. 7.—Expiration. F16. 8.—Inspiration.
Fi16s. 7 and 8.—Artificial Respiration. (Esmarch and Kowalzig.)

best done by the Sylvester method. One should first make sure that the air
passages are clear, and draw out the tongue to establish free air way. The
operator stands at the patient’s head, grasps the arms at the elbows, presses
them firmly against the sides of the chest to induce expiration (Fig. 7), then
draws the arms upward until they almost meet above the head, in order
to raise the ribs by means of the pectoral muscles and thus cause inspiration
(Fig. 8). These movements should be repeated about fifteen times a minute.
In Marshall Hall's method the operator grasps the lower thorax with his
hands, presses upwards and inwards for two or three seconds, then relaxes
the compression for two or three seconds. This compression can be made
with more force if, as in the Howard method, the operator kneels astride the
patient’s hips, braces his elbows against his sides, and throws his weight
upon the patient’s chest. InSchdafer's method the patient lies on the abdomen,
and pressure is made as in the Howard mecthod. Laborde’s method consists
in alternately drawing upon and relaxing the tongue at intervals of four
seconds. Fell's method consists in the introduction of a tube into the larynx,
or through a tracheotomy wound, respiration being maintained by means of
foot-bellows. When the bellows are connected with a laryngeal tube the
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apparatus is known by the name of Fell-O’Dwyer. When ether is given by
intratracheal insufilation artificial respiration may be inaugurated at a
moment’s notice by insufflating pure air.

Circulatory Difficulties.—A mild degree of syncope sometimes results
from nausea and vomiting. Cardiac failure may result from operative
manipulations during light narcosis, overdose of the anesthetic, hemorrhage,
shock, or from arrest of respiration. Among the measures which, after
withdrawing the anesthetic, may be adopted in cardiac failure, are the
subcutaneous administration of strychnin, atropin, digitalis, or nitroglycerin,
inversion of the patient, artificial respiration, Taradism of the phrenic nerve
(one pole on the epigastrium, the other at the junction of the external border
of the sternomastoid with the clavicle), rubbing the extremities toward the
heart, compression of the abdominal aorta, stretching of the sphincter

“ani, rhythmic pressure over the precordium, and direct massage of the heart.

Coughing and swallowing during the induction of anesthesia indicate that
the vapor is too strong. Coughing, swallowing, or vomiting during the third
stage indicate returning consciousness and call for more anesthetic. Vomit-
ing is often heralded by swallowing, shallow breathing, pallor, feeble pulse, and
dilated pupils, a group of symptoms which may be confused with shock; in the
latter the anesthetic should be withdrawn, in the former it should be increased
in order to prevent the vomiting. If vomiting occurs, the head should be
turned to one side and the stomach contents allowed to escape, swabbing out
the pharynx if necessary. Hiccough is most apt to occur during abdominal
operations and usually demands an increase of the anesthetic.

Recovery from anesthesia varies in duration according to the character
and quantity of the anesthetic and the condition of the patient. After nitrous
oxid and ethyl chlorid it occurs immediately on withdrawal of the anesthetic,
usually without any special phenomena. After ether and chloroform the
temperature is usually subnormal, the respirafions are quiet, the eyeballs

rotate, the Iid reflex returns, swallowing begins, and vomiting often follows.
Some patients remain quiet, many become noisy and turbulent. The
anesthetist or a competent nurse should remain with the patient until
recovery is complete. The head should be low and turned to one side, and
the patient kept warm. Vomited matter should be received in a towel or
basin without raising the head. Food is rarely given before six hours, and
often not for many hours. Vomiting is more frequent after ether, but is apt
to be more severe and protracted after chloroform. As a rule it ceases of
itsell and no treatment is required. )

After effects more frequently follow ether than other anesthetic agents.
In order to minimize the unpleasant sequele of inhalation anesthetics,
one may inject, during or immediately after operation, saline solution into
the subcutaneous tissues, or 1 or 2 quarts of water, containing 1 or
2 ounces of glucose, into the rectum. The fluid restores the blood pressure,
and dilutes and assists in the elimination of the anesthetic. The glucose
reestablishes the glycogenic function of the liver. Gastric lavage, at the
completion of operation, assists in eliminating the anesthetic, and tends
to prevent nausea and vomiting.
- Congunctwvitis, and burns of the first degree about the face and neck may
occur, particularly if ether or chloroform has been “poured on.”  Persistent
vomiling may be due to acute gastrectasia, peritonitis, intestinal obstruction,
opium, or other causes independent of the anesthetic, and these should be
excluded before deciding that the anesthetic is wholly responsible. Aceto-
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nuria, which is described below, may be the cause or the effect of protracted
vomiting. Continued vomiting due to the anesthetic alone is best treated by
withholding all food by mouth, gastric lavage, nutritive enemata containing
sodium bromid, and, to hasten elimination of the anesthetic, fresh air and
hypodermoclysis. Later champagne and various liquid foods may be tried.
Bronchial and pulmonary affections are often due to the irritation of ether, but
‘may arise also from exposure of the patient, the inhalation of septic material,
emboli, interference with respiration (e.g., from an epigastric incision), and
sluggish circulation (e.g., from a weak heart or prolonged recumbency).
Ether pneumonia is of the lobular variety and quickly follows anesthesia.
Pneumonia Trom other causes may be of the lobar variety and may not arise
for a number of days. Preventive measures consist in the use of a clean
inhaler, the exclusion of foreign material from the air passages, and the careful
protection of the patient. (See also pulmonary embolism.) Bronchial
irritation, and possibly bronchitis, may be caused, as already pointed out,
by the decomposition of chloroform in the presence of a naked flame. Renal
complications may occur after ether, chloroform, or ethyl chlorid. Whether
they are more frequent after ether than after chloroform does not seem to be
satisfactorily settled. The urine is always decreased in quantity during the
first twenty-four hours after anesthesia, and should be carefully watched. If
signs of renal incompetency appear, heat should be applied over the kidneys,
diuretics administered, and water given by mouth, rectum, subcutaneously, or
intravenously. Apoplexy may occur in those with chronic arterial disease,
but is rare if the patient is skillfully and thoroughly anesthetized; the strug-
gling induced by pushing the anesthetic or by operating before anesthesia
is complete is dangerous in these cases. Complete anesthesia is usually
less to be feared than fright and pain. Imsenity has followed anesthesia
(see p. 120). Post-anesthetic paralysis may result from cerebral hemorrhage
or embolism, but is usually the result of pressure, e.g., a wrist drop due to
the hanging of an arm over the edge of a table. This subject with the
position to be assumed by the upper extremities, is referred to in Chap. IV.
Acetonuria (acetonemia, acid intoxication) rarely follows the administration
of any anesthlicfic” except chloroform, in which event it is called delayed
chloroform poisoning. That chloroform occasxonally produces glycosuria
has long been known, but only recently has attention been directed to the
form of late poisoning described below. It is more apt to occur in children,
and after quickly repeated anesthesias. Other predisposing causes are
diabetes, disease of the liver or kidneys, exhaustion, and infection. The
condition may appear in from a few hours to many days after the anesthesia,
and it may last several days and end in recovery, but usually terminates in
death. The symptoms are vomiting, rapid pulse, dyspnea, cyanosis, delir-
*tum or stupor, and finally coma. “The breath has a sweetish, chloroform-
[ike odof, ‘and there may “be fever. The urine contains acetone and di-
acetiq acid, and sometimes leucin and tyrosin. ~Jaundicé may occur and
Theremay ‘bE‘%rTcndmty‘m' hemorrhage. Autopsy reveals fatty degenera-
tion of the liver and sometimes of the kidneys and other organs, the changes
" being much like those found in phosphorus poisoning. The treatment, at
least so far as the acetonemia is concerned, consists in the use of measures
to promote elimination, stimulation if necessary, glucose or levulose by
rectum, and the administration of bicarbonate of soda by mouth, or 1 per
cent. in salt solution by rectum, subcutaneously, or intravenously.”
Local Anesthesia is the production of insensibility in the parts to be
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operated upon, without destroying the general bodily sensibility or producing

unconsciousness. It is indicaled in minor operations, and in major surgery

when general anesthesia is contraindicated. It is not satisfactory in children
or in nervous patients. Local anesthesia may be induced by freezing, or by
the application or injection of various drugs.

Freezing may be produced by spraying the parts with ether, rhigolene,
chlorid of methyl, liquid air, or chlorid of ethyl. Chlorid of ethyl is the agent
usually employed. It is put up in glass tubes, and is sprayed on the part
from a distance of about one foot. When the part becomes hard and
white it is ready for incision. The anesthesia lasts from one to two minutes.
Both the freezing and the thawing are painful. In the absence of ethyl
chlorid freezing may be induced by ice end salt, in the proportion of two
parts of the former to one of the latter, placed in a gauze bag and applied to
the skin; analgesia results in about fifteen minutes.

Cocain hydrochlorid is an efficient local anesthetic, but is not without
danger. Death has resulted from one dram of a 20 per cent. solution instilled
into the urethra, and from swabbing the larynx with a 2 per cent. solution.
Not more than one-half a grain should be used for injection, not over two-
thirds of a grain should be applied to a mucous membrane. Cocain poison-
ing is characterized by headache, nausea and vomltlng, pallor, tremor, rest-

lessness, dryness of the mouth, dilatation of the pupils, weak pulse, prolonged

insomnia, and in severe cases By delirium, unconsciousness, and heart failure.
The treatment consists in placing the patient recumbent, applying external
heat, and administering cardiac stimulants. Cocain is contraindicated in
glaucoma__bec&ué;e it dilates the pupils; it is said also to have a deleterious
effect upon diseased kidneys. As cocain is destroyed hy prolonged boiling,
the solution is best prepared (fresh each time) by adding to normal salt
solution the crystals which have been sterilized in glass tubes at 300° F., dry
heat, for fifteen or twenty minutes. The strength of the solution should be
from 2 to 4 per cent. for the eye, 4 per cent. for the urethra, 2 per cent. for
the bladder, 5 to 10 per cent. for the rectum, vagma, mouth, nostrils, and
from § to 1 per cent. for mJectlon into any portion of the body

Eucain’ hydrochlond is, for practical purposes, just as powerful as

_cocain, one-quarter as toxic, and is not destroyed by boiling. Solutions for
injection should be from 1 to 4 per cent. It does not cause dilatation of the
pupil, nor is it followed by as marked congestion as cocain. Sloughing has,
however, been observed in a few instances after its use.

Stovain, novocain, and tropacocain are closely related to cocain, but
the first is four times and the other two seven times less toxic than it and all
are just as anesthetic. They come already sterilized in closed tubes.
For injection a } to 1 per cent. solution in sterile water or salt solution may

be employed. For mﬁltratlon 125 cc. of a § to § per cent. novocain solution

can be used with safety.

Adrenalin chlorid, when added to any of the above drugs, causes ex-
sanguination of the part by constricting the blood vessels, thus lessening
the hemorrhage, limiting absorption, and intensifying and prolonging the
anesthesia. Barker prepares a solution by adding to 100 cc. of boiled
distilled water 1 cc. of adrenalin chlorid (1 to 1,000), 3 grains of eucain,
and 12 grains of sodium chlorid. Not more than fifteen drops of adrenalin
chlorid should be added to any solution for injection.

Quinin-urea "hydrochlorid, injected in from 1 to 1 per cent. in salt
solution, induces prolonged anesthesia, hence lessens post-operative pain.
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It is not toxic and diminishes bleeding. Induration and tardy healing
sometimes follow its use.

Schleich’s solution produces anesthesia by causing an artificial edema,
the tension resulting in ischemia and in pressure on the nerve endings, hence
the term infiltration anesthesia (Fig. 9). Sterile water or normal salt solution

produces much the same effects, but
is not quite as efficient. Schleich
uses three solutions as follows: No. 1
(for the most painful operations—not
more than § drams should be used)
consists of cocain hydrochlorid gr. iii,
morphin hydrochlorid gr. 4, sodium
chlorid gr. iii, distilled water f3iiis,
acid carbolic (5 per cent.) gtt. iii.
Solution No. 2 (of which not more

F16. 9.—Method of injecting local anes- s e .
thetics into the skin. The fluid is intro- thag .Ioldrams. Sh(;md be ! njected) 1s
duced into and not beneath the skin, which used in less painful operations, and is

is elevated, tense, and white. the same as No. 1 except that the

cocain is reduced to gr. iss. Solution
No. 3 (used in deeper and less sensitive tissues and in extensive operations—
11 oz. may be injected) contains but gr. § of cocain. Adrenalin chlorid also
may be added to these solutions.

The injection of local anesthetics may be by the direct method, i. e., the
drug is injected into the tissues to be operated upon, or by the indirect
method (regional anesthesia), in which the drug is injected into (ixtraneural) or
about (paraneural) the nerve or nerves supplying the part with sensation,
into the blood vessels of the part (Bier, Ransohoff), or into the subarachnoid
space of the spinal cord (spinal anesthesia). In the direct method, whenever pos-
sible, e.g.,in the fingers, toes, and penis, a tight ligature should be placed above
the area to be anesthetized, after it has been exsanguinated by elevation, or in
some cases, by pressure; this in itself has a benumbing influence, as well as
restricting the anesthetic solution to the injected area. After making sure
that all air has been driven from the syringe (a hypodermic, antitoxin, or
special syringe may be employed), the point of the needle is inserted obliquely
into the skin until the eye is just beneath the epidermis; in other words, an
effort is made to enter the true skin and not the subcutaneous tissues. Care
should be taken not to enter a vein. A few drops of the solution are in-
troduced, producing a white wheal; the needle is then pushed a little further,
and the process repeated until the proposed line of incision is marked out by
a white and elevated ridge (Fig. 9). From five to ten minutes should elapse
before making the incision. If the deeper structures are to be severed, they
also should be infiltrated, or one of the more powerful solutions may be
dropped in the wound. Infra- or paraneural injections may be employed in
amputation of the finger, by forcing the solution into the tissues about its
base, when the entire finger will become anesthetic. In amputation of the
leg the tissues over the sciatic and long saphenous nerves may be infiltrated
with Schleich solution, and the nerves exposed and injected with a 4 to 1 per
cent. cocain solution. In amputations of the thigh it will be necessary to in-
ject the anterior crural instead of the long saphenous nerve. Many other
operations may be performed by this method.

In Bier’s intravenous anesthesia, after rendering the limb bloodless
with an Esmarch bandage, a tourniquet is placed above and another below
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the field of operation. Under infiltration anesthesia a cannula is inserted into
a superficial vein immediately below the proximal tourniquet, and from 40
to 100 cc. of novocain (.5 per cent. in salt solution), at the temperature of
the body, injected towards the periphery. Anesthesia is induced between the
tourniquets in from 2 to § minutes; beyond the distal tourniquet in from
5 to 15 minutes, when the distal tourniquet may be removed. At the comple-
tion of the operation the proximal band is removed gradually, to prevent
rapid diffusion of the novocain. Ransohoff applies an Esmarch band to the
limb with sufficient firmness to obstruct the venous flow, and under infiltra-
tion anesthesia injects, with a fine needle, 4 to 8 cc. of a .5 per cent. cocain
solution into the main artery. Anesthesia results in 2 minutes, after which
the band may be tightened to check oozing. These methods are still in the
experimental stage and must be used with caution. They are contrain-
dicated in the presence of vascular disease.

Spinal anesthesia, or medullary narcosis, is produced by the injection
of a local anesthetic into the subarachnoid space. Cocain and eucain are
seldom used at the present time. Stovain has a strong affinity for the motor
nerves and may, in high anesthesia, cause paralysis of the respiratory mus-
cles. Tropacocain and novocain possess less of this affinity, hence are safer;
the usual dose is from one-half to one grain. The solution is prepared by dis-
solving the drug selected (previously sterilized) in cerebrospinal fluid, which is
drawn into the syringe containing the anesthetic, after the introduction of the
needle into the subarachnoid space. Inorderto make the solution of a higher
specific gravity than the spinal fluid and so remain in the lower part of the
spinal theca, Barker uses distilled water 1 cc., glucose .05 grams, and stovain
.1 gram. The syringe should be boiled in plain water, as the soda solution
employed for other instruments may diminish the efficacy of the anesthetic.
The patient lies on the side or assumes the sitting posture; in either case the
back should be bent forward in order to increase the space between the
vertebral arches. The operator places one finger upon the spine of the
fourth lumbar vertebra, which is on a line drawn between the two iliac crests,
and enters the needle, fitted with a stylet, just below and to the right of this
point, in a slightly upward and inward direction, until the dura has been
punctured,which in the adult is usually at a depth of two and one-half inches.
The stylet is withdrawn and one dram of the cerebrospinal fluid allowed
to escape. The anesthetic solution is then slowly injected, the needle
withdrawn, and the puncture sealed with collodion. The patient is then
placed in the proper position for operation, but never should the head and
shoulders be on a lower level than the lumbar vertebre, as the fluid may
gravitate towards the medulla and cause respiratory paralysis. Anesthesia
results in about five minutes and lasts from one to three hours or longer.
No attempt should be made to induce anesthesia above the diaphragm.
Headache, nausea, and vomiting are frequent sequele, and evidence of
transient and permanent cord injuries has been noted. The chief dangers
are infection, injury to the cord, and poisoning from the anesthetic employed.
The mortality has been estimated at 1 in 200. From what has been said it
may be gathered that the method is destined to pass into desuetude.



CHAPTER III.
BACTERIOLOGY.
Bacteria, schizomycetes, or fission fungi, are microscopic, non-nucleated,
unicellular, vegetable organisms, devoid of chlorophyl and consisting of

protoplasm inclosed in a cell wall. The terms germ, microbe, and micro-
organism also are loosely applied to bacteria and allied organisms.
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F16. 10.—Diagram illustrating the nomenclature of schizomycetes based upon their
morphology. (Coplin after Shenk.) X about 70c¢ diameters.

According to shape (Fig. 10) bacteria are divided into cocci (spherical),
bacilli (rod-like or cylindrical), and spirilla (spiral). Cocci are divided
according to number into monococci (existing singly), diplococci (in pairs),
tetracocci (groups of four), and sarcine (cubical groups of eight); according
to arrangement into streptococci (chain-like) and staphylococci (irregular
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masses like bunches of grapes). Globular masses held together by gela-
tinous matter are called zooglea; a group of cocci in a capsule, ascococci.
Bacilli in chain formation are called streptobacilli. A leptothrix is a long
thread-like bacillus which many class with the molds.

The distribution of bacteria is almost universal. They exist in the
air, water, food, soil, alimentary canal (being most numerous in the mouth,
lower ileum, and cecum), nose, lower urethra, and vagina, and even in the
hair follicles and sweat glands of the skin.

The reproduction of most bacteria takes place by fission, i.e., the cell
simply divides into two or more fragments when it has reached the stage of
maturation. A few bacilli (e.g., B. anthracis, tetani, and edematis maligni)
and spirilla multiply by sporulation. A spore is analogous to the seed of a
plant, and may appear in the end of the organism (endspore), or in the
middle (endospore), thus making the organism club-shaped or fusiform.
Although as a rule only one spore forms, a number may develop throughout
the length of the organism, presenting a bead-like appearance (arthrospores).
A spore has a dense capsule which renders it very resistant to all kinds of
disinfectants.

For development bacteria require a temperature at or near that of the
human body, moisture, and food. Their food consists of complex organic
compounds, such as are found in the bodies of animals and in plants. Aéro-
bic bacteria require oxygen for their development; anaérobic, e.g., the bacillus
of tetanus, of malignant edema, and the bacillus aérogenes capsulatus, the
absence of oxygen. Most pathogenic micro-organisms are facultative
anaérobes, i.e., they thrive best with oxygen, but have the faculty of living
without it. An obligate anaérobe cannot live with oxygen. The terms facul-
tative and obligate are applied also to aérobes and to parasites and sapro-
phytes.  Parasites grow in living tissues, saprophytes, or putrefactive
organisms, in dead tissues. Like the cells of the human body, bacteria
attract elements essential for their growth (positive chemotaxis) and repel
those which are harmful (negative chemotaxis). Motile bacteria possess
the power of moving from place to place by means of thread-like processes,

" or flagelle (e.g., B. typhosus and B. coli), or by means of a rotary or un-
dulatory motion; amotile bacteria (all cocci and most bacilli) depend for
transportation upon fomites or upon physical or chemical currents. In
common with other minute particles suspended in fluid, bacteria oscillate
(Brownian movements).

Bacterial death is caused by disinfection, and by the cells and fluids
of the human body.

Freezing renders bacteria inert, but does not destroy them. Drying
renders them dormant, but permits of their dissemination by means of the
air. Itisimportant to remember that bacteria are not blown or driven from
moist surfaces, and that a table, for instance, which is wiped with a moist
cloth is not as dangerous from a surgical standpoint as one which is dusted.
Direct sunlight, the X-rays, electric currents, and electric light, are detri-
mental to the growth of microbes.

Bacterial products represent the excretions of bacteria, the substances
generated by their decomposition, and the compounds resulting from the
action of either of these on the tissues. Bacteria may produce alcohols;
acids, such as lactic, acetic, and butyric; alkalies, e.g., ammonia; and
pigments (chromogenic bacteria), e.g., bacillus pyocyaneous; some are
capable of causing phosphorescence (photogenic). The aérogenic (gas
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producing) bacteria are the bacillus aérogenes capsulatus, the bacillus of
malignant edema, and the saprophytes, the most prominent of which is
the bacillus coli. Zymogenic bacteria cause fermentation.

The ferments are known as enzymes. These ferments, like the digestive
juices, emulsify fats, change albumin into peptone and starch into sugar.
The enzymes may be absorbed in the human body and produce disease.
The poisonous substances elaborated by bacteria are the ptomains, the toxal-
bumins, and the toxins. A ptomain is a crystallizable alkaloid produced
by the action of bacteria on dead animal matter. Toxalbumins are amor-
phous albumoses produced by the action of enzymes on albumin. Toxins
are crystallizable alkaloids existing in the protoplasm of bacteria and excreted
by them (ectotoxin), as in diphtheria and tetan us, or liberated by their death
(endotoxin), as in tuberculosis. The term toxin as commonly employed
means any or all of the poisonous substances elaborated by bacteria, and the
condition resulting from the absorption of these toxins is called toxemia.

Infection is said to have taken place when pathogenic (disease producing)
bacteria invade living tissues and cause symptoms. Bacteria which are
incapable of producing disease are spoken of as mon-pathogenic, and many
of these are not only harmless, but even useful, producing alcoholic and
acetous fermentation, and cleansing the earth of dead animal and vegetable
matter by putrefaction. To demonstratethatamicro-organism is the specific
cause of a given disease, it should fulfil Koch's postulates, which are, that it be
found in every case of that disease, that it be absent in normal tissues under
normal conditions, that it be cultivated in pure culture, that these cultures be
capablé of reproducing the disease, and that the germ be again cultivated in
pure culture from the infected anima.l. To these has been added the isolation,
from the cultures of the organism, of a toxin which will produce the disease or
elaborate an antitoxin in susceptible animals.

The usual methods of infection are through wounds (inoculation),
through the mucous membrane of the alimentary canal (ingestion), through
the mucous membrane of the respiratory passages (inhalation). Bac-
teria rarely pass through intact healthy skin. It is known that micro-
organisms may pass through the placenta. Germinal infection (infected
ovum or spermatozoon) is very doubtful, although it is generally taught
to be the cause of some cases of congenital syphilis. A wound may be
infected with one variety of bacteria only, and a secondary infection with
another variety may occur; this is known as mixed infection, and explains
the care with which a surgeon sterilizes his hands and instruments, even
when the tissues are known to be infected. In mixed infection one form of
bacteria may antagonize’ another form (untibiosis, enantiobiosis), or the
varieties may harmonize in their development (symbiosis).

Infection extends by continuity, as when it creeps along a surface or
plane of tissue; or by contiguity, as when it spreads from one organ or tissue
to another, e.g., from the ovary to the appendix. Transportation from one
part of the body to another is effected by the blood or the lymph, the bacteria
floating free in the stream, or being carried by cells or emboli; by secretions,
excretions (e.g., from the kidney to the bladder by the urine), or pathologic
discharges, e.g., from the lung to the intestine by swallowed sputum. Trans-
mission outside of the body also may occur, e.g., when gonococci are conveyed
from the urethra to the eyes by the fingers.

Disease production is not the direct result of the deposition of bacteria,
that is, the process is not a mechanical one. They may injure the tissue
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cells by stealing their food, but as a rule the morbid phenomena are due to
the absorption or local action of toxins. The production of disease depends
on the dose of the micro-organisms and their virulence, and also upon the
resistance of the tissues. Many of the organisms entering the tissues are
swallowed by the leukocytes or dissolved by the bactericidal action of the
blood serum, so that probably a large number are necessary for the produc-
tion of morbid phenomena. The virulence of micro-organisms differs
according to many conditions; those which at one time are benign may at a
later period become extremely harmful. The susceptibility of the tissues
also varies considerably under different conditions; thus their resistance is
decreased by prolonged exposure to cold, mechanical injury, alcoholism),
diabetes, kidney disease, underfeeding, overcrowding, etc.
~Insusceptibility, or immunity, to an infection may be natural or acquired.
Natural immunity is illustrated in the negro, who possesses an inherent
resistance to yellow fever. Acquired immunity may be active or passive.
Active immunity, so called because the tissue cells are activated to form anti-
bodies, is produced by a previous attack of a disease, e.g., syphilis and the
exanthemata; by direct inoculation, such as was once employed in small-pox,
and is still used for certain diseases in animals; by the introduction of attenu-
ated virus, e.g., vaccination for small-pox and the prophylactic treatment of
hydrophobia; and by the injection of bacterins (p. 34). Passive immunity is
produced by the injection of immune serum (p. 34), and involves no action
on the part of the tissue cells. '

Theories of Immunity.—The body defends itself against infection (1)
by destroying bacteria and (2) by neutralizing their toxins.

(1) The antibacterial methods of defense are (a) phagocytosis and (b)
bacteriolysis. (a) Phagocylosis is the process whereby microbes are devoured
and digested by certain cells of the body, especially the leukocytes; these
cells are called phagocytes. Leukocytosis, local or general, or both, is
nature’s effort to supply a sufficient number of phagocytes to overcome the
invading bacteria, and the surgeon sometimes tries to assist nature in
this effort, e.g., by applying heat, inducing passive hyperemia (Bier), or by
injecting nucleinic acid (Mikulicz) or horse serum (Petie). The substances
in the blood serum which prepare bacteria for phagocytosis are termed
opsonins (see also bacterin treatment).

(b) Bacteriolysis is the dissolving of bacteria, in the blood serum and
body fluids, by an albuminous substance (bacteriolysin) furnished chiefly
by the leukocytes. Buchner believes there is but one bacteriolysin, which
he calls alexin, for all bacteria and that it exists in normal serum; others, that
there is a separate antibody manufactured for each bacterium. The serum
of animals immunized to the bacilli of typhoid fever, cholera, and the bacillus
coli, cause agguitination, or clumping, of the respective microbes. The
Widal test for typhoid fever is based on this phenomenon. This clumping
is probably a preliminary step to bacteriolysis, but some attribute it to
specific bodies, called agglutinins or precipitins.

(2) The antitoxic method of defense consists in the formation of anti-
toxins by the blood and tissue cells as the result of the action of bacterial
antigens. An anligen is any substance (bacterial toxins, alien blood serum
and cells, certain animal poisons, etc.) which causes the generation of anti-
.bodies (lysins, agglutinins, antitoxins, opsonins). Antitoxins neutralize
toxins but have no effect on bacteria.

Ehrlich explains the phenomena of immunity by the side-chain theory.

3
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He believes that every living cell consists of a central body, and of a number
of other chemical groups or side-chains (receptors) which are especially con-
cerned with nutrition. A toxin consists of two chemical groups, the toxic
carrying portion (loxophore) and a combining portion (haptophore). When
a toxin enters the circulation, it must find receptors to fit its haptophore
group, in order to exert a deleterious action on the cells. The toxophore
group without its haptophore group, and a toxin whose haptophore group
cannot find an affinity for receptors, are harmless. When a toxin combines
with a cell, the receptors are destroyed, and the cell makes an effort to supply
the loss, producing many more receptors than are necessary; these are thrown
into the circulation and constitute antitoxin, because when they meet with
the toxin, theyimmediately combine with its haptophore group and render it
inert. Certain of these receptors, called also immune bodies and ambocep-
tors, have two combining groups, one (cytophile) for bacteria or other cells,
the other (complementophile) for the complement. The complement (bac-
teriolysin, alexin) dissolves bacteria after being fixed to them by the
amboceptor.

In accordance with the theories outlined above, infections may be pre-
vented or combated by means of (1) immune serums, (2) attenuated forms
of virus, and (3) bacterins.

(1) Immune serums, when injected into the body, produce passive
immunity. They are obtained from specially immunized animals, and are
(a) antitoxic or (b) antibacterial. (a) Amntitoxic serums are laden with anti-
toxin, produced by the injection of toxins into an animal; such are the anti-
toxins of pneumonia, plague, hydrophobia, diphtheria, tetanus, staphy-
lococcic and streptococcic infections, and antivenine; the last is non-bacterial.
(b). Bactericidal serums contain bacteriolysins and amboceptors, hence kill
bacteria; such are the typhoid, dysentery, anthrax, tuberculosis, syphilis (?),
and cholera serums. Those serums which are of interest to the surgeon
receive notice under the diseases for which they are used.

Serum disease is the name given to certain symptoms which occasionally
follow serotherapy, sometimes immediately, but more often after an interval
of from eight to twelve days. The most frequent of these symptoms are
pain and swelling at the site of injection, pain and swelling of the adjacent
lymph glands, pains in the joints, fever, general urticaria or erythema, slight
“albuminuria, and leucopenia. Great weakness, dyspnea, cough, edema of

“the face, and swelling of the tongue may, however, occur, and a few cases of
sudden death have been réported.” ‘Asthmatics are especially prone to
suffer from disagreeable or dangerous sequelz. The nature of serum
disease is not thoroughly understood, but when it follows a second injection
of serum, it is supposed to be due to supersensitiveness. Supersensitiveness,
or anaphylaxis, in contradistinction to prophylaxis, is the increased suscepti-
bility to serum (or to any proteid) arising in an animal as the result of a
sub-toxic dose previously administered, the theory being that the tissue
cells have been educated by the first injection to split up the proteid, hence
when a second injection is given the process takes place so rapidly that the
animal is overwhelmed by the toxic portion of the proteid.

(2) An attenuated virus is employed in the prophylactic treatment of
hydrophobia (q.v.), and small-pox is prevented by vaccination with an
attenuated form of small-pox (cow-pox).

(3) A bacterin, or vaccin, is a suspension of dead bacteria with their
toxins in salt solution. Tuberculin, which must be put in this class, contains,
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however, only toxins and is made up with glycerin or water (p. 148).
Here should be mentioned also Coley’s fluid, which on empirical grounds is
used in the treatment of malignant growths (p. 163). Bacterins are in-
]ected into the body with the idea of inducing active immunity, especially
by increasing the opsonic index and thus stimulating phagocytosns The
opsonic index is the amount of opsonin (p. 33) in the patient’s serum com-
Earef with that in normal serum. It is determined by~ div1d1ng the num- °
er of bacteria ingested by the leukocytes of the patient’s blood, by the |

number ingested by those of healthy blood, 100 or more leukocytes
being searched; thus if 400 are found in the leukocytes of normal blood
and 300 in those of the patient’s blood, the opsonic index is .75. The
hope that the opsonic index might be of value in diagnosis and prognosis
seems far from realization, and as a guide to the dose of bacterins
it is seldom employed. Bacterins should, whenever possible, be autogenous,
i.e., made by taking the organisms directly from the individual to be treated.
When this is not done one may employ a stock bacterin, i.e., one already
prepared from the organisms furnished by another individual suffering from
the same infection. The stock bacterins supplied by manufacturing chemists
have the number of bacteria in each cc., usually 40 to 600 millions, marked on
the tubes. The initial dose varies according to the infection, 5 ta 25 millions
being the average. This is followed by a fall (negative phase), then, in a
few days, by a rise in the opsonic index (positive phase). The injections are
generally given at intervals of from 3 to 10 days, and never when the negative
phase manifests itself clinically by aggravation of the symptoms. The
status of this form of treatment is not yet fixed. It seems to be of distinct
value in many chronic localized suppurative processes, and it is contrain-
dicated in acute spreading infecfions accompanied by toxemia.

Other pathogenic micro-organisms besides bacteria are:

1. Hypomycetes, or mold fungi, which consist of filaments, or.hyphz,
often forming an interlacing network, called the mycelium; these fungi
multiply by sporulation. Some of the diseases produced by molds are
thrush (oidium albicans), actinomycosis (actinomyces or ray fungus),
mycetoma, or Madura foot {streptothrix Madure), favus (achorion Schon-
leinil), and certain other skin diseases.

2. The yeasts, blastomycetes, or saccharomycetes, which multiply by bud-
ding, or gemmation, cause bread to rise, and are responsible for many forms of
fermentation.” Blastomycetic dermatitis is due to yeast fungi, and some sup-
pose that a yeast causes cancer.

3. Protozoa, which are microscopic unicellular organisms belonging to the
lowest form of animal life. Malaria (plasmodium malariz) trypanosomiasis
(sleeping sickness), and certain forms of dysentery (ameba coli) are due to
protozoa, and carcinoma, syphilis (spirocheta), variola, and molluscum con-
tagiosum are supposed to be due to protozoa.

Special surgical micro-organisms are mentioned under the diseases for
which they are responsible.

Disinfection, or sterilization, is the destruction of germs outside or on
the surface of the body; germs within the tissues can be destroyed only by the
tissues. The agent by which disinfection is effected is called a disinfectant,
or germicide. An antiseptic restricts or prevents the development of micro-
organisms; as commonly employed, however, the term is synonymous with
germicide and disinfectant. A deodorizer, e.g., charcoal, may destroy an
offensive odor, but isnot necessarily an antiseptic. A sepsis meanstheabsence
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of bacteria; antisepsis includes all the measures taken for the destruction of
bacteria. Sterilization may be divided into (1) mechanical, (2) thermal,
and (3) chemical.

1. Mechanical sterilization is the mordant for other forms of disinfection ;
it consists in shaving, scrubbing with soap and water, and irrigation. With-
out it many chemical disinfectants are useless, with it even the mildest are
highly efficient.

2. Thermal disinfection, or heat, is the most effectual of all forms of steril-
ization, and should be used whenever possible. Moist heat (boiling water
or other liquids, and steam) is more efficient than dry heat. Steam may be
quiescent (simple steam), live steam, or steam under pressure. Live steam
is better than simple steam, and steam under pressure is the bestof all.
Anautoclave (Fig. 11) is a sterilizer into which steam is introduced under
high pressure. A vacuum is first created, thus allowing greater penetration

: of the steam into the articles within the chamber.
The steam is under a pressure of from 10 to 15
pounds to the square inch at 240° F. At the com-
pletion of the process of sterilization a vacuum is
again created and the objects dried. By means of
this apparatus complete sterilization (10 pounds
pressure at 240° F.) of ordinary dressings, etc., takes
place in three-fourths of an hour. Material for
sterilization in the autoclave should be loosely
packed, should not come in contact with the walls
of the sterilizer, and should be heated before the
steam is turned on. Simpler and cheaper sterili-
zers, without the advantage of pressure, also are on
the market. Dry heat (lame, hot air, actual cautery,
etc.) is rarely employed.
3. Chemical disinfection is of less value than the
F16. 11.—Autoclave.  mechanical and the thermal methods. A chemical
sufficiently strong to be rapidly germicidal will kill
not only bacteria, but also the tissue cells. Of the many chemical disinfec-
tants the most important are given below.

Bichlorid of mercury (corrosive sublimate) is a white poisonous powder,
used as a solution in water. As the solution is colorless and odorless a
small quantity of eosin should be added, so that it may readily be distin-
guished from other fluids. Bichlorid of mercury is one of the best chemical
disinfectants, but is very fastidious in its action; thus it decomposes when
brought in contact with metallic apparatus, and is inert in the presence of
alkalies and albumins, so that solutions must be made with distilled or
filtered water. The union of bichlorid of mercury with albumin may be
prevented by the addition of tartaric or citric acid, which, it should be
remembered, will have the same effect also on albumins which may be
administered to combat poisoning. Bichlorid solutions should be fresh, as
standing for some time impairs their power, owing to the formation of an
oxychlorid; this may be prevented by the addition of ammonium chlorid or
sodium chlorid. For convenience bichlorid is put up in tablets containing
7.3 grains of corrosive sublimate and an equal amount of ammonium chlorid;
one of these tablets added to a pint of water makes a 1 to 1000 solution. It
is not a good rectal antiseptic, because in the presence of hydrogen sulphid
it is changed into the insoluble sulphid of mercury; and it is a poor antiseptic
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in fa.tty tissues, because it will not reach bacteria which are coated with oil.
It is never used in clean wounds, as it destroys some of the cells and causes
exudation; and because of its irritating qualities, it is never applied to
serous membranes, such as the peritoneum, meninges, pleura and syno-
vial membranes. For the skin it is employed in the strength of 1 to 1000;
for wounds, 1 to 2000; for the vagina 1 to 5000; for thie uréthra; i o 10,000;
and for the conjunctive, 1 t0 40,000. Unless one is accustomed to its use cor-
rosive sublimate frequently causes a cracking and blackening of the hands.
Occasiona.lly bichlorid of mercury causes a severe dermatitis with the forma-

tion of pustules, and it is sometimes absorbed from wounds, Broducmg con-

stitutional symptoms of poisoning, viz., salivation (p. 140) stomatitis, metal-"

lic taste in the mouth, Toul breath, vormtmg; colicky pains in the abdomen, |
“diarrhea, and’in very seévere cases céﬁa.pse and death; the drug is withdrawn, ’
of course, on the first indication of absorption.

Carbolic acid, or phenol, occurs as crystals which deliquesce on exposure
to air, the resulting fluid being called pure carbolic acid. Itis a less powerful
germicide than bichlorid of mercury, and is rarely used in wounds because
of its irritating effects, although it penetrates fatty tissues. It is a good
deodorizer, however, and is often put into ointments because of its feeble
anesthetic properties. Itis not used on the hands, because it roughens and
cracks them and impairs their sensibility. When powerful solutions are
applied for a long time, gangrene may result. It finds its chief office in the — .
disinfection of materials which do not stand boiling well. Pure carbolic acid
is occasionally employed to sterilize badly infected wounds, alcohol, which
is a powerful antidote, being used one or two minutes later for the purpose of
Teutralization. When the weaker solutions (1 to 5 per cent.) are continuously
applied to a wound, absorption and poisoning may ensue; the pure acid
produces a superficial area of coagulation which prevents its absorption.
One of the first symptoms of absorption is smoky, greenish, or blackish
urine (carboluria). %.‘a’té'r’ ‘there may be. vomiting, headache, vertigo,
sweating, feeble pulse, irregular and rapid breathing, great weakness, and
subnormal temperature. The treatment consists in withdrawal of the drug,
stimulation, and sodium sulphate or Epsom salts.

Lysol and creolin are coal-tar derivatives, which are feebler than carbohc
acid, but less toxic and irritating. Creolin is a good rectal disinfectant in
the strength of 3 per cent. Lysol, 2 per cent., is used in obstetrics, as it acts
also as a lubricant for the hands.

Hydrogen peroxid is frequently employed to cleanse suppurating areas.
It is a fluid which, when applied to a wound, sets free from ten to fifteen times
its volume of oxygen, producing ebullition, and probably destroying the
elements upon which bacteria live. It should be kept in a dark and cold
place, should ordinarily be used in half strength, and should never be injected
into deep sinuses unless a large external opening exists, as the liberated gas
may do great harm by pressure. In order to render hydrogen peroxid less
irritating, the acid which the manufacturers put into the fluid to preserve’
it may be neutralized by adding a small quantity of sodium bicarbonate, but
only when the peroxid is to be used at once, since the alkali hastens its
decomposition.

Permanganate of potassium is used as a deodorizer in foul wounds, slough-
ing tumors, etc.;in the stréngth of from {'; to 5 per cent. It is used also for
dlsmfectmg the hands (saturated solution in water) and as an antidote to
snake poisoning. Condy’s fluid is a 2 per cent. solution in water.
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Alcohol is employed chiefly for the preservation of surgical materials,
such as sutures, etc., for the disinfection of instruments with keen edges,
and to remove fatty material from the skin previous to the application of
bichlorid of mercury. Gasoline, ether, benzin, and turpentine also are occa-
sionally useful for the last purpose.

Formaldehyd is a powerful antiseptic gas, which is sold as a 40 per cent.
solution in water, under the name of formalin. It is very irritating, and
should rarely be applied to living tissues; some operators employ a 2 per cent.
solution for the disinfection of instruments. Glutol, or formalin gelatin, is a
powder which gives off formalin when brought in contact with wound
secretions.

Boric acid (saturated solution in water) is a mild antiseptic, which is indi-
cated when more powerful but more irritating disinfectants cannot be em-
ployed. Thiersch’s fiuid is sterile water containing 1 gr. of salicylic acid
and 6 gr. of boric acid to the ounce.

Tincture of iodin is now being widely employed for disinfection of the
skin previous to operation, as described on p. 43. It is strongly recom-
mended also for the sterilization of infected wounds. It may be applied,
full strength, at long intervals, or the wound may be irrigated daily with a
1 per cent. solution. In irrigating large wounds with iodin solution, the
possibility of poisoning should be kept in mind.

Iodoform is a yellow powder with a disagreeable smell. It liberates iodin
when brought in contact with wound secretions, and so creates an un-
favorable field for bacteria; but bacteria may grow upon dry iodoform,
so that it must be sterilized for at least five minutes by washing in a 1 to
10,000 bichlorid of mercury solution. It is frequently used as iodoform
gauze, or as an emulsion in ether, glycerin, vaselin, or sweet oil. Its chief
value is in tuberculosis, owing to its ability to produce fibrous tissue as the
‘result of fhe irritating “action of the iodin. Iodoform sometimes causes
a severe dermatitis, and occasionally constitutional symptoms of poisoning.
In some cases there is marked gastrointestinal irritation, such as vomiting and
diarrhea; in others cerebral symptoms, such as delirium or melancholia; in
either case there is fever, yellowness of the conjunctive, suffusion of the eyes
with contraction of the pupils, a metallic taste in the mouth, an odor of iodo-
form upon the breath, and jodin in the saliva and urine. A rash upon the
skin, rapid emaciation, and nephritis are not infrequent. Many substitutes
have been proposed for iodoform, but nothing as efficient for tuberculous
cases has yet been created. The odor of iodoform may be made less dis-
agreeable by the addition of one of the aromatic oils. Except in tuberculous
cases, the author never uses iodoform and rarely any other antiseptic powder,
unless it be thymol iodid. Powders, as ordinarily used from a box which is
exposed to the air and dust, are laden with germs; hence they are contrain-
dicated in aseptic wounds, and much better means of disinfection may be
found for infected wounds. Acetanilid when freely used is positively danger-
ous; cyanosis and collapse may follow, especially in the old, the young, or the
debilitated. Smaller doses, frequently applied, as in the dressing of ulcers,
may lead to chronic poisoning (anemia, mental hebetude, and congestion
of the liver, spleen, and kidneys).

The salts of silver, e.g., silver nitrate, lactate (actol), citrate (itrol), collargol,
protargol, and argyrol have antiseptic propertics. All but the first are pro-
prietary preparations. The indications for these salts will be given in sub-
sequent pages. Silver foil is occasionally applied to wounds.



CHAPTER 1IV.
SURGICAL TECHNIC.

An operation is performed with greater comfort to the surgeon, and greater
safety to the patient, in a hospital than in a private house. A well-equipped
hospital is supplied with an anesthetizing room, an operating room, a recovery
room, and rooms for the surgeons and nurses to change their clothing. The
most essential factor in an anesthetizing room is that it be well lighted, in an
operating room that it may be easily and thoroughly cleansed, and in a recov-
ery room that it has some means of immediately summoning aid in an emer-
gency. There are also auxiliary rooms for the sterilization of the material
used during an operation, for the storing of instruments, dressings, etc.

Instruments are usually kept in an air-tight glass case, in the bottom of
which are small open compartments, containing calcium chlorid for the ab-
sorption of any moisture which may gain access to the closet and tarnish the
instruments. Instruments should be all metal, with as few corrugations,
indentations, and joints as possible, in order to facilitate proper cleaning.
They are sterilized by boiling for fifteen minutes, in water to which has been
added sodium carbonate, in the strength of 1 per cent. (14 dr. to the pint),
for the purpose of preventing rusting. As ebullition tends to dull sharp
instruments, they should be protected by a wrapping of cotton and boiled for a
shorter period, chisels and scissors for five minutes, knives and needles for
three minutes; or placed in a solution of carbolic acid (5 per cent.), formalin
(2 per cent.), or alcohol (95 per cent.), for 30 minutes. These solutions
should be used also for instruments with wooden -or ivory handles, which
are cracked by boiling. Instruments containing lenses, e.g., the cystoscope,
are ruined by boiling and by alcohol, hence must be disinfected in a solution
of carbolic acid (5 per cent.) or formalin (2 per cent.), all traces of the chem-
ical being removed subsequently by washing with sterile water, particularly
if the instrument is to be used in the urethra, or any other situation in which
an active germicide might do harm. The sterilizer consists of a copper
tray, with a securely fitting lid, and a perforated false bottom with handles;
the false bottom prevents injury to the instruments due to the exposure to
the direct intense heat on the floor of the sterilizer, and facilitates their
removal at the completion of boiling, the bottom being lifted from the
sterilizer by means of hooks passed through the handles of the false bottom.
After sterilization instruments may be placed in a tray containing sterile
water or spread on a dry sterile sheet; in either case they should be covered
with sterile towels until the operation is begun. At the completion of an
operation the instruments should be scrubbed with soap and water, sterilized,
and dried, before replacing them in the closet.

Sutures and Ligatures.—Silkworm gut, or fishing gut, is the thread
drawn from the silkworm killed when ready to spin the cocoon. It is strong,
smooth, readily tied in a secure knot, and is easily sterilized by boiling. In
many hospitals it is placed in long glass tubes, which are securely corked, and
boiled. It is then ready for instant use, the tube being submerged in bichlorid
or carbolic acid solution before being uncorked. With the latter method,
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however, it is desirable to soak the silkworm gut in boiling water for a few
minutes before using, in order to render it pliable. As silkworm gut is not
absorbable, it is used only on surfaces from which it may be subsequently re-
moved, and as it stiffens while drying, it is not used in such regions as the
axilla, perineum, etc., without shotting, as the ends might occasion discom-
fort by pricking the tissues.

Silk is plaited, floss, or twisted. It is strong, very pliable, and may be tied
inafirmknot. It may be sterilized by boiling in water for a half hour. This
diminishes the strength of the silk, however, and a better méthod is to place
the material, wound on glass spools, in a test tube plugged with cotton; the
tube is then placed under 10 pounds’ pressure in an autoclave for one-half
hour, and the process is repeated the following day, and again on the third

“day (fractional sterilization), the theory being that any spores which may have
escaped destruction during the first sterilization will have developed into
adults by the second or third day, and will then be more easily killed. Silk
is extensively used in abdominal surgery for the tying of pedicles and for
suturing intestines. It is not absorbable.

Catgut comes from the submucous coat of the sheep’s intestine. Being
absorbable, it is generally used for ligatures and for buried sutures. After
being put into the tissues it swells and tends to become untied, so that it should
always be tied in three knots and the ends left at least § inch long. It may
‘be sterilized by one of a number of different methods; boiling in alcohol,
cumol, or xylol, and sterilization by dry heat are efficient, but require special
apparatus. The following methods are simple and reliable:

Claudius uses iodized catgut. After the raw catgut has been wound on a
glass spool it is soaked for eight days in a solution of one part of iodin and
one part of potassium iodid in 100 parts of water. Before using it is placed
ina 3 per cent. solution of carbolic acid or in sterile salt solution, to remove
the surplus iodin. Unused catgut may be replaced in the iodin solution.
Catgut thus prepared is'absorbed in from 12 to 16 days, according to its size.
To render the gut less absorbable, soak it in a 1 to 2000 aqueous solution of
chromic acid for 24 hours before sterilization.

Congdon uses a modification of Hoffmeister’s method; he winds raw cat-
gut on a glass cylinder in a single layer, and places it in a 3 per cent. solution
of formalin for from 14 hours to 4 hours, according to the size of the gut. Af-
ter it has been washed in running water for the same length of time that it has
been in the formalin solution it is dried in the open air and stored away
for future use. Catgut prepared by this method may be boiled like silk.
When it is desired to have the catgut resist absorption for a longer period, a 5
per cent. solution of formalin is used instead of the 3 per cent. solution, and
the gut is left in this solution twice as long as that stated for the 3 per cent.
solution; it is then washed in running water for the same length of time that
it has been submerged in the formalin solution. By the latter method No.
4 gut will resist absorption for from four to six weeks.

Bartlett’s Method—The catgut is rolled into little coils, which are strung
on a thread and suspended in a beaker glass, without touching the sides or
bottom, by bringing the ends of the thread through a small opening in a
pasteboard cover, which is placed on the receptacle.  The same opening ad-
mits a thermometer, the bulb of which is on a level with the topmost coils.
The catgut is covered with liquid petrolatum, the temperature of which is
gradually raised to 212° F. by placing the beaker in a sand bath. After 12
hours the temperature is increased to 300° F. in the ceurse of an hour, and
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then the oil is allowed to cool. After allowing the superfluous oil to drop
from the catgut, the coils are placed until needed in a 1 per cent. solution of
iodin in Columbian spirits. This method, as modified by Lee, is employed in
the Pennsylvania, Jefferson, and Germantown Hospitals. Lee drys the
gut in a dry air sterilizer, at 100° C., for 15 minutes, then covers it with
liquid petrolatum and raises the temperature to 140° C., where it is main-
tained for 15 minutes. At the end of 12 hours the temperature is again
raised to 140° C. and there kept for 15 minutes. The gut is preserved in a
T per cent. solution of iodin in alcohol (95 per cent.).

Kangaroo tendon is obtained from the tail of the kangaroo, and may be
prepared in the same manner as catgut. When chromicized it may not be
absorbed by the tissues for two months. It is used for suturing bone, or
when an absorbable suture which will last a long time is desired. i

~Some surgeons employ living sirips of fascia from the margins of the wound
which they desire to close.

Silver wire may be used for suturing bone; care should be taken in twisting
the ends of the wire, lest it break. Although silver wire is said to have anti-
septic properties, it frequently causes suppuration and sinus formation when
allowed to remain in the tissues for a long time, and should very rarely
be used except for the indication just mentioned. Iron wire has been recom-
mended as a substitute for silver wire in bone work, as it is not so easily
broken; aluminum bronze wire, which, unlike silver or iron, is ultimately ab-
sorbed, has been utilized for the same purpose; these wires may be sterilized
by boiling.

Horsehair may be used for the nice approximation of skin where there is
no tension; it may be boiled in water.

Pagenstecher’s celluloid thread is linen thread impregnated with celluloid;
it has the advantages of silkworm gut, as well as great flexibility. When
placed in the tissues it absorbs a large quantity of fluid but does not soften.

Dressings are commonly made of cheesecloth, or gauze. Cotton or any
material, however, which will absorb fluids and which may be sterilized, may
be used for this purpose. The sizing should be removed from cheesecloth by
boiling in a solution of carbonate of soda, but in the material coming from a
surgical house this process has already been effected. The material is cut
into suitable lengths for various operations, folded, and wrapped in covers
of drilling or heavy muslin, which are secured by a pin. These packages are
sterilized under 10 pounds’ pressure for forty-five minutes, and are kept in
covered, sterilized glass jars until required. Antiseptic dressings are pre-
pared by soaking gauze in solutions of various antiseptics.

“‘Sponges,” in surgical parlance, are small pads of gauze. They arc
put up in packages, each of which contains a definite and an invariable
number of pads, usually 10 or 12, so as to facilitate counting at the time of
operation. For intraabdominal work large gauze pads, six or more inches
square, consisting of six layers of gauze, are employed to isolate the field of
operation. To one corner of each pad is sewed a piece of tape, which emerges
from the wound and is secured by a hemostat, in order that it shall not be
forgotten. A better plan is to prepare a pad four yards long, six inches
broad, and four layers in thickness; as much of this as may be necessary is
packed into the abdomen. The gauze is then cut and the end allowed to
protrude from the wound, and it is definitely known that but one piece of
gauze is within the abdomen. All of these pads, as well as gauze drains,
should, in order to prevent the detaching of loose threads, be folded, or

-
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folded and sewed, in such a way that the raveled edges of the gauze do not
come in contact with the wound; and all are sterilized and preserved like
dressings.

Todoform gauze is prepared by mixing 4 ounces each of iodoform, glycerin,
and alcohol, and 5 gr. of bichlorid of mercury; sterile gauze is soaked in this
mixture, allowed to drip till almost dry, and then stored in covered, disin-
fected glass jars.

Caps, gowns, sheets, and towels, are sterilized with the gauze. Basins,
pitchers, instrument trays, scrubbing brushes, and glass drainage tubes
may be boiled, or soaked in 1 to 500 bichlorid of mercury solution. Articles
made of hard rubber, such as pessaries, syringe nozzles, etc., should be
washed with soap and water, and disinfected in a 1 to 500 bichlorid of mer-
cury solution. Soft rubber, e.g., drainage tubes, catheters, etc., should be
boiled in plain water for five minutes, and stored in bichlorid of mercury
solution. Varnished catheters may be sterilized in formalin vapor. Instru-
ments containing leather, such as the hypodermatic syringe, are sterilized by
soaking in a solution of carbolic acid. Hypodermatic syringes with glass
or asbestos pistons may be boiled and are much safer, from a bacteriologic
standpoint, than the older variety. Lister’s oiled silk, rubber tissue (thin
sheets of gutta-percha), rubber dam, and wax or paraffin paper are sterilized,
after washing, by soaking in bichlorid of mercury solution. As heat shrivels
rubber tissue, care should be taken to have the solution cool. Silver foil is
sterilized by dry heat. Cargile membrane is made from the peritoneum of
the ox, is used as a protective, and comes already sterilized.

Physiologic or normal salt solution (% per cent., or 1 dr. of salt to the pint
of water), called physiologic or normal because it is isotonic with the blood
serum, is filtered into clean glass flasks, which are plugged with cotton and
then boiled. Perhaps, in view of the recent observations concerning the
harmfulness of the proteid products of dead organisms in old water, it
would be well to insist that salt solution, at least when it is to be used hypoder-
mically or intravenously, be made from freshly distilled water.

Water, too, must be filtered as well as boiled. In hospitals the water-
sterilizer outfit consists of two reservoirs, one for hot and one for cold water.
Each has a filtering attachment. The water is boiled for 20 minutes, under
a pressure of 15 pounds (240° F.). The faucets, when not in use, must
be covered with sterile gauze.

The surgeon, the assistants, and the nurses should bathe daily, keep
the teeth in good order, and not come in contact with contagious diseases.
No one with acute tonsillitis, or an infected wound or furuncle on the hands
or forearms, should take part in an operation. The surgeon should guard
his hands from the grosser forms of contamination at all times; he should
never open an abscess or dress suppurating wounds without wearing rubber
gloves, and he should put on a rubber glove before making a rectal or a
vaginal examination. He should avoid carrying heavy bags, restraining a
patient who is being anesthetized, and lifting a patient from the litter to
the operating table, lest his hands tremble during the operation. At the
time of operation the surgeon, the assistants, and the nurses should wear
sterile suits of duck or linen, and have the hair covered with sterile caps or
gauze. Most surgeons use a gauze mask to prevent soiling of the wound by
the shower of saliva which accompanies talking.

There are three methods frequently employed for the disinfection of the
hands, the first step of each consisting in thorough scrubbing of the hands
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and forearms, up to and above the elbows, with soap and hot water, which is
frequently changed. The brush should have been sterilized by boiling just
before use, and special attention should be given to folds and creases, and to
the spaces beneath and around the nails. The nails should be trimmed, the
subungual spaces cleansed with a nail cleaner, and the scrubbing continued,
according to different surgeons, for from five to fifteen minutes. The longer
period is preferable, and should invariably be timed by the clock. Rings
and bracelets must, of course, be removed before the hands are disinfected.

In the Furbringer method, after step one, the hands are scrubbed in absolute
alcohol for one minute, then gsoaked and scrubbed in bichlorid of mercury
solution 1 to 1000 for at least one minute, special attention being given to
the nails. Many surgeons now dispense with the bichlorid wash and scrub
the hands in 70 per cent. alcohol for five minutes. Absolute alcohol is less
bactericidal, as it coagulates albumin, thus interfering with its penetration.

In the Kelly method, after step one, the hands are soaked in a saturated
solution of potassium permanganate until the skin is stained a dark brown
color; the skin is then decolorized by washing in a saturated solution of oxalic
acid; next the acid is removed by sterilized lime water; and finally the hands
are scrubbed for one minute in bichlorid of mercury 1 to 1000.

In the Weir or Stimson method, after step one, a heaping teaspoonful of
chlorid of lime and the same quantity of sodium carbonate are placed in the
palm of the hand, and made into a thick cream by the addition of water; this
is rubbed over the hands and forearms, and around and under the nails, for
from three to five minutes. The hands are now washed in sterile water or in
dilute ammonia solution, to remove the odor of chlorin. After disinfecting
the hands a sterile gown with sleeves reaching the wrists should be put on.

As absolute sterility of the hands cannot be secured, most surgeons, after
employing one of the methods given above, use rubber gloves. Rubber gloves
are sterilized by washing with soap and water, and boiling in a 1 per cent.
solution of sodium carbonate for fifteen minutes. They are drawn on the
hands while filled with sterile water, or by using glycerin as a lubricant, or
they may be dried, and slipped on with ease after the interior has been
dusted with sterile talcum. Oil should not be used for lubrication, as it
injures the rubber. The cuffs of the gloves should be turned down before
sterilization, and in putting the gloves on the surgeon should seize the cuff
of the left glove at its point of reflection, pull the glove on the left hand, and
then insert the fingers of the left hand beneath the reflected cuff of the right
glove and so adjust it; the cuffs are then turned back over the sleeves of the
gown; thus the bare fingers never come in contact with the outside of the
gloves. Gloves, however, are not ideal; they impair sensation, necessitate
very firm pressure in holding a slippery structure like the intestine, and
tend to make an operator slovenly in the disinfection of his hands; they
also cause perspiration, thus washing from the deeper layers of the skin
bacteria, which gain entrance to the wound through punctures and tears in
the gloves, an accident which demands a fresh glove, after washing the hand
in bichlorid solution.

The Patient.—For preparation for anesthesia see section on anesthesia.
The dangers common to all operations are those of anesthesia, hemorrhage,
shock, and infection. Special dangers of individual operations receive
mention with the description of the various operations. Whenever possible
the patient should be under observation for at least two days before operation,
in order that the patient himself, as well as the disease, may be carefully studied.
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The history is taken, and a thorough examination, especially of the heart,
lungs, urine, and blood, is made. The diet should be free of vegetables
and consist principally of albumins, in order to leave little residue in the
intestines, which are cleared by laxatives, usually calomel, gr. } every hour
for eight doses, followed by magnesium sulphate, oz. §. This prevents
autointoxication, and in abdominal work renders the intestines docile, so that
they may be kept from the operative field by gauze packing. Before opera-
tions on the mouth, esophagus, and gastrointestinal tract the number of
bacteria in the alimentary canal may, aside from purgation, be diminished
by removing carious teeth and tartar, frequently rinsing the mouth with
an antiseptic wash, and sterilizing all food. Hexamethylenamin, because
of its antiseptic effect upon the bile, the urine, and the cerebrospinal fluid,
may be administered previous to, as well as after, operations involving the
biliary tract, the urinary apparatus, and the central nervous system. The
patient is given a daily soap and water bath, and should, in order to prevent
“colds,” wear an undershirt in bed, if so accustomed.

The day before operation the part to be operated upon is shaved, and then,
after disinfection of the hands, it is surrounded with sterile towels, and
thoroughly scrubbed with soap and water, using a sterile brush with soft
bristles, or a piece of gauze if the skin is tender. Special attention is given to
folds and creases in the skin, and to such places as the umbilicus. It isim-
portant to scrub not only the immediate region of the proposed wound, but
also neighboring regions, e.g., for a brain operation, not only the head, but
also the neck and ears, and for a breast amputation, not only the breast, but
also the neck, axilla, arm, opposite breast, and the upper part of the abdomen.
For an abdominal operation the disinfection should extend around to the
spine, up to the breasts, and down to the pubes, including the upper part
of the thighs; for a gynecological operation it is necessary to disinfect also
the vagina. After scrubbing with soap and water, the skin is rubbed with
alcohol (70 per cent.), in order to dissolve the sebaceous matter and fat in the
mouths of the glands, and thus clear the way for the bichlorid of mercury solu-
tion, 1 to 1000, with which the part is next scrubbed. In children, in adults
with sensitive skins, as well as on the scalp, a 1 to 2000 solution should be
employed. With hard and filthy skin, such as is often found on the feet, a
soap poultice, made by soaking a thick pad of gauze in soap suds, should be
applied for many hours before the disinfection. Gauze soaked in bi-
chlorid of mercury (1 to 2000) and covered with waxed paper, or, better, a
dry sterile dressing, is applied to the disinfected region until the time of
operation, when the whole procedure is repeated. Some surgeons omit the
preliminary scrubbing, others claim that the scrubbing at the time of opera-
tion is objectionable, in that it uncovers bacteria in the skin by loosening
fresh layers of epidermis; an increasing number are painting the skin with
tincture of iodin (3 per cent.) the day before and again at the time of operation.
Grossich, the originator of the iodin method, removes the hair immediately
before operation by dry shaving, claiming that water swells the superficial
layers of the epidermis and interferes with penetration of the iodin; he then
applies, without preliminary scrubbing, the official tincture of iodin, which is
allowed to dry spontaneously. Iodin is an admirable antiseptic which
penetrates the epidermis and fixes the bacteria in the skin. Its disadvan-
tages are that it may produce irritation of the skin of the patient and the
eyes of the operator, and that it may cause intraperitoneal adhesions after
laparotomies in which the visccra are brought out on the abdominal wall.
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The last objection loses its force if the skin is completely covered with towels
during the operation. The ear may be sterilized by prolonged syringing with
a carbolic solution, 1 to 100, or with a bichlorid of mercury solution, 1 to
2000; the nose by spraying with Dobell’s solution, followed by carbolic
acid, 1 to 100; the mouth by having the teeth put in order and tartar removed
by a dentist, and by the use of a good tooth powder and brush several times
a day, followed by a thorough rinsing with a carbolic acid solution, 1 to
100; and the bladder by irrigation with potassium permanganate, 1 to
5000, argyrol, 1 to 1000, or by a saturated solution of boric acid. The
vagina is scrubbed with a piece of gauze, with soap and water, then copiously
douched with bichlorid of mercury solution, 1 to 4000. The rectum may be
cleansed of fecal matter by an enema of soap and water, then irrigated with
creolin, 1 to 3 per cent.

A nervous sedative may be administered the night preceding operation,
if the patient is unable to sleep. No food should be given for at least six
hours before operation, in order that the stomach may be empty and that
vomiting may not occur. Several hours before operation the rectum should
again be cleansed by a soap and water enema, 1 pint, so that any stimulating
or nutritious fluids may be absorbed in case their injection becomes neces-
sary. Immediately before operation the patient should pass urine or be
catheterized, so that voiding will not occur on the table, so that there will be
no danger of injury to the bladder in an abdominal operation, and so that
the surgeon will know the exact quantity of urine secreted subsequent to
operation. Before going to the operating room, those parts of the chest,
abdomen, and limbs which are not to be operated upon, should be covered
with a sterilized shirt, leggings, etc., to protect the patient from draughts.

In an emergency in which the patient is admitted immediately before
the operation, the same precautions regarding the bladder and rectum
should, as a rule, be observed. The disinfection is usually made by the
process given above, after the patient has been anesthetized. In cases of
intestinal obstruction it is of the greatest importance to wash out the stomach
previous to anesthetization, to prevent suffocation by the large quantities of
fetid fluid which are regurgitated while the patient is unconscious. In acci-
dent cases in which machine grease and dirt cover the part, cleansing is
greatly facilitated by the previous application of sweet oil.

The Operation.—In all ““clean cases,” and even in septic cases in the cra-
nium, chest, abdomen, and joints, the surgeon performs an aseptic operation,
i.e.,the preparations mentioned above are carried out, but after the incision has
been made no antiseptics are used, sterile water or salt solution being em-
ployed for irrigating the wound, and sterile, not antiseptic, gauze being used
to dress the wound. In septic and emergency operations not involving the
cavities just mentioned, the surgeon may perform an antiseptic operation, i.e.,
antiseptics are used, not only in the preparation of the patient, but also to
flush the wound, and antiseptic gauze is used for dressings.

The operating table is covered with a blanket wrapped in a sterile sheet;
in special cases an electric mattress or a number of hot water bags are used
to maintain the heat of the body. When the patient is placed on the table,
care should be taken that the arms are properly disposed. If thearm isallowed
to hang over the edge of the table, if the patient is allowed to lie on the arm
twisted under the back, or if the arms are stretched far above the head for a
prolonged period, an annoying paralysis may result. If the arms rest
alongside of the patient, there is, with some operating tables, danger that they
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may be injured when the patient is lowered from the Trendelenburg posture,
or when the stage for arching the spine forwards in biliary operations is
elevated or lowered. In cases not involving the chest or upper abdomen
the arms may be folded across the chest and secured by turning back the
shirt. In operations on the upper abdomen the arms should be elevated
not higher than a right angle with the body and the hands secured above
the head. Never should the arms be so tied that they may not be readily
freed for the purpose of artificial respiration should it suddenly become
necessary. After the part to be operated upon has been exposed by a nurse
whose hands are not disinfected, the surgeon’s assistant places sterile
towels over the adjacent clothing, and redisinfects the part by the process
already given. All the clothing of the patient is now covered by fresh
sterile sheets or towels. It is our custom, as soon as the incision is made,
to fasten sterile towels to the fascia or, in an abdominal operation, to the
peritoneum with catgut sutures, thus excluding the skin completely from
the operative field. In order to avoid fatigue of the eyes and, especially in
class work, bring the operative field into greater relief, we employ, following
the adv1ce of Sherman, black, instead of white, sheets and towels. In
operations about the face or neck the hair should be covered by a sterile
rubber cap or a sterile towel. In operations approaching the nose and mouth
it is important also that the anesthetizer disinfect his hands, wear a sterile
gown, and use a sterile piece of gauze, a cone wrapped in a sterile towel,
or a vaporizing apparatus, for the anesthetic. As a rule one assistant is suffi-
cient for almost any operation; the fewer hands that come in contact with
the wound the less the danger of infection. At least three nurses are com-
monly on duty during an operat’on; one nurse attends to the sutures and
ligatures, a second takes care of the sponges and dressings, and a third,
“dirty nurse,” exposes the field of operation, assists the etherizer, gets
additonal instruments that may be called for, and does whatever else may be
necessary that one with disinfected hands cannot do. Before and after
operations involving the abdomen or other large cavity, not only sponges and
pads, but also instruments and needles, should be carefully counted, to make
sure that none has been left behind.

Incisions should be clean-cut and of equal depth throughout. The way
the knife is held to make incisions is illustrated in Figs. 12 to 17. Tearing
the tissues by blind and blunt dissection should be avoided as much as possible,
as bruising is more likely to be followed by suppuration. Large blood vessels
should be caught with hemostats, or ligated, before division; vessels too small
to be recognlzed quickly should be caught as soon as divided, the forceps
grasping nota large amount of tissue, but the bleeding point alone. Under no
circumstances should the skin be crushed with hemostatic forceps. The
assistant keeps the wound free of blood, not by scrubbing, but by quickly
mopping with a gauze sponge. As soon as an instrument has been used, it
should be washed in sterile water and replaced in the instrument tray. At
frequent intervals during the operation the hands should be washed in sterile
water. When the towels surrounding the field of operation become soiled,
they should be replaced or covered by fresh ones. Sometimes during the
operation, and often at its completion, it is desirable to flush the wound with
hot sterile water or normal salt solution, to free it from blood clots and me-
chanically disinfect it. At this time it will be found that the smaller vessels
which have been clamped do not bleed after removal of the forceps. Larger
vessels should be ligated with catgut; torsion is not, as a rule, a satisfactory
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method for dealing with these vessels. If the bleeding has not been stopped,
clots will accumulate and infection be favored. The deeper layers of the
wound are brought together with catgut sutures, the skin with silkworm gut
(see wounds).

Drainageisnotrequired in an aseptic wound treated by the aseptic method,

Y

(Bernard and Huette.) In some

g pen, in order to make light and precise incisions, and in

pel or bistoury is held like a table knife, thus giving great force and solidit,

In Figs. 12 and 13 the scal
to the movements; in Figs. 14 and 15, like a writin

Figs. 16 and 1%, like a violin bow, for delicate and careful dissections.

amputations the knife is held like a sword.

if hemorrhage has been carefully controlled. 1If there is infection, if strong
antiseptics have been used, if there is still some bleeding, if many large
lymph vessels have been severed (e.g., as in the modern operation for car-
cinoma of the breast), or if it is feared that sutures put in a hollow viscus
may not hold, drainage must be instituted. - Drainage may be effected by
rubber, silver, or glass tubes; by strands of catgut, horsehair, or silkworm
gut; or by strips of gauze or rubber tissue. Inorder to prevent its adhering
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to the tissues, gauze may be surrounded with rubber tissue (cigarette drain),
or impregnated with glycerin, vaselin, or an antiseptic ointment. Rubber
tissue and ointments, however, are at first contraindicated if the gauze is to
drain a septic I¢sion within' the abdomen, in which the principal function of the
gauzc is, at least for a few days, to promote adhesions and so isolate the in-
fected area. The writer, particularly in abdominal cases, frequently employs
the Mikulicz drain. This consists of a thin gauze bag, filled with a separate
strip of gauze, which may be removed and the cavity irrigated without dis-
turbing the bag. The bag remains in place until it is loose. Vaselinized
gauze is then employed to keep the tract open. A drain should, whenever
possible, be placed in the most dependent part of a wound or cavity. In
women the peritoneal cavity may often be drained through the vagina, thus
permitting closure of the abdominal wound as well as facilitating the dis-
charge. The objections to drainage are that it delays union, produces a
wider scar, invites infection, encourages adhesions, and in abdominal cases
predisposes fo hernia and, because of adhesions, to intestinal obstruction;
drain tubes may ulcerate into large blood vessels and cause secondary
hemorrhage, or Tnduce pressure necrosis of the intestine and fecal fistula,
hence should rarely be used in the vicinity of the major arteries or veins, or
in the free abdominal cavity. A copious dressing of sterile gauze is now
applied, and maintained in place by suitable bandages. Occasionally in
septic cases it is desirable to use antiseptic, instead of sterile, gauze.

After Treatment.—The patient is put into a warm bed with no pillow,
and the head turned to one side, so that in case vomiting occurs, there will be
less danger of the vomited material falling into the trachea. In all cases a
physician or a nurse should remain with the patient until he has fully recov-
ered from the effects of the anesthetic. Shock, if present, should be com-
bated at once. If there is non-obstructive retention of urine and it is deemed
inadvisable to allow the patient to get out of bed to make an effort to mic-
turate, heat may be applied to the hypogastrium or warm water poured
over the external genitals. Spontaneous urination, according to Franck,
often follows, within 20 or 30 minutes, the injection of from 15 to 20 cc.
of glycerin into the bladder through the urethra, without the aid of a catheter.
If this “bladder laxative,” which should not be used if there is acute cystitis
or urethritis, fails, a catheter may be passed every eight hours. The treat-
ment of retention due to obstructive lesions is given in Chap. XXIX. Asa
rule, even in abdominal cases, small quantities of water may be given as
soon as the post-anesthetic nausea has disappeared. Continued vomiting,
especially after abdominal operations, is an ominous sign (see “after effects”
of anesthesia). For thirst, when water cannot be taken by the mouth, an
enema of 8 oz. of salt solution may be given every four or six hours. In the
few cases in which rectal injections actually cause nausea, they should of
course be discontinued, and the salt solution given beneath the skin. The
practice of leaving a large quantity of salt solution in the abdomen after
celiotomy prevents thirst and favors elimination. Pain should be treated,
whenever possible, by removing the cause, e.g., by loosening tight bandages,
relieving tympanites, opening an infected wound. Analgesics should not
be administered without investigation to determine the reason for the pain.
If the cause cannot be found or removed and the suffering is great, the only
remedy of value is morphin, which, however, must be used with great
caution. Nurses should be warned never to rub a leg which becomes
painful after an operation without the advice of a physician, as the pain
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may be due to phlebitis, in which event massage might liberate. emboli.
Nervousness may be allayed Dy the bromides, given per rectum if oral |
administration is contraindicated. Insomnia not duc to pain is treated by
hypnotics like trional and sulphonal. Fever after operation is considered
in Chap. XII. The character of the pulse furnishes a surer index of the
patient’s condition than the temperature. Especially during the first
twenty-four hours one should watch for the symptoms of hemorrhage (q.v.).
Backache may be due to renal congestion, muscle strain, or distension of
the colon, hence may be relieved by hot applications, increasing the urinary
output, support to the back, or by securing a movement of the bowels.
As soon as the stomach has become quiet, and usually at the beginning of
the second day, the panent is given 1 gr. of calomel in divided doses, followed
in one hour by magnesium sulphate, oz. 4. If the bowels do not move
three or four hours later, an enema of soap and water, 1 pint, is given.
If this is ineffectual, an enema consisting of magnesium sulphate 1 oz.,
glycerin 1 oz., turpentine 4 oz., and soap and water 1 pint, may be tried.
An enema consisting of alum 1 oz., in a pint of water, is also highly efficient.
The passage of a rectal tube up into the sigmoid flexure, or the administration
of asafetida suppositories, grains v, every three hours, will often be followed
by the expulsion of gas. These measures are of special importance after
an abdominal operation, particularly when the constipation is associated
with tympany and vomiting, which often indicate a beginning peritonitis or
intestinal obstruction (Chap. XXVII). Symptoms of sepsis usually come on
in from two to five days after operation; for the symptoms and treatment
the reader is referred to the chapters on suppuration and fevers, and to
the sections on regional surgery. After the bowels have moved the patient
begins to take liquid food in small quantities, and as convalescence progresses
the quantity is increased; semi-solid food follows, and finally the regular
diet is reached. The dressings are changed when they become soiled
with wound fluid, or with discharges from the mouth, rectum, or urethra;
when it is desirable to remove drainage or stitches; and when there are
signs of suppuration. They should not be disturbed unless there is some
definite indication, as exposure of the wound always involves some risk of
infection. If a drain has been used because of hemorrhage, it may be re-
moved at the end of twenty-four or forty-eight hours, and not replaced.
Drainage for infection usually demands frequent dressings. The stitches may
be removed in a week or ten days, according to the amount of support needed.
A stitch abscess usually makes its appearance in from five to ten days; it
requires the removal of the stitch and drainage of the abscess cavity. The
sequele of special operations are considered with the various operations.

Operation in a Private House.—Excepting an emergency, the proposed
operating room should be carefully prepared. It should be well lighted, and
heated by steam, hot water, or hot air; there should be no exposed fire to
provide dust, or to ignite the ether if such be used. A bath room with hot and
cold water should be convenient, but there should be no plumbing in the room
itself. Everything which is not necessary for the operation should be removed
from the room, including curtains, shades, and carpets. Wood work and
painted walls should be scrubbed with soap and water; papered walls
may be rubbed down with bread. At the time of operation the temperature
of the room should be at least 70° F. The windows may be smeared with
soap to discourage inquisitive neighbors. If the room is heated by hot
air, the register should be covered by a moist towel in order to catch the dust.

4
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In an emergency carpets and furniture should be covered with clean
sheets or linen, and under no circumstances should dust be stirred up. It
is convenient to have in the room the following articles: Kitchen-table,
dining-table, bureau or table, wash-stand or table, another small table, four
wooden chairs, several clean blankets and sheets, at least a dozen clean towels,
two basins, a large pitcher of warm water, and a bucket or slop jar. The
kitchen-table serves for the operating table. Very often this will prove
to be too short, and a smaller table will have to be placed at either end for
the patient’s head or feet. Beneath the table should be spread a sheet of
mackintosh or oilcloth, or a number of papers, for the protection of the floor,
and alongside of the table should be placed the bucket or slop jar. The
dining-table may be used for instruments, sutures, and sponges; the bureau
for extra supplies, splints, etc.; the wash-stand with the two basins for
scrubbing the hands. The etherizer sits on one chair and uses a second for
his hypodermatic syringe and other necessities; on the third chair is placed
a basin containing sterile water for the assistant; the fourth chair is used
by the operator to sit upon in perineal cases, or when inverted, to put under
the patient, if the Trendelenburg position is found necessary. Previous to
operation, two wash-boilers, half or three-quarters full of water, should be
provided; in one is placed a pitcher, three basins, and a sheet. The water in
each is boiled for a half hour, and that in the boiler containing the pitcher, etc.,
allowed to cool without removing the lid. The water in the second wash-
boiler is kept hot. The water from a kitchen boiler is sterile, and may
be used, providing the pipes are first thoroughly flushed. The instruments
may be taken to the house in a copper sterilizer, and, after boiling, both the
sterilizer and its lid may be used as trays for the instruments and sutures.
The operating table is covered with a blanket and a sheet, and over this is put
a Kelly pad or a piece of rubber sheeting, which drains into the bucket or
slop jar. While the surgeon is sterilizing his hands, the patient is anesthe-
tized in an adjoining room. After the hands have been sterilized, a sterile
gown is put on, and the sheet is removed from the boiler, wrung out, and
spread over the dining-table; on this is placed the sterilizer and the two
basins from the boiler, in one of which is put sterile water, and in the other
bichlorid of mercury solution. The instruments, sutures, sponges, and
dressings are arranged on the dining-table in the order in which they will be
needed. The patient is carried into the room by the etherizer and a member
of the family, so that neither the surgeon nor his assistant will soil the hands.
The assistant sterilizes his hands with the surgeon, puts on a sterile gown,
scrubs the patient, and redisinfects his hands while the surgeon applies the
alcohol and bichlorid of mercury. A towel should be soaking in the bichlorid
of mercury solution, so that if, in an emergency, it is necessary to handle some
unsterilized object, the towel may be used and the hand saved. It is better
to have caps, gowns, sheets, towels, and dressings sterilized at the surgeon’s
office or hospital and sent to the patient’s house, as boiling them at the house
previous to operation necessitates the use of wet materials. One of the
great inconveniences in operating in a private house is the forgetting of some
instrument that is needed, or the wanting of some instrument or appliance
to meet an unexpected condition which has arisen. For this reason it is a
good plan to have a list of the different instruments, etc., which may be needed
in various operations, to check these off as they are packed into the hand-bag,
and to be prepared for any possible emergency. The following articles may
be needed in any operation: Anesthetic, mouth-gag, tongue-forceps,
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hypodermatic syringe, strychnin, atropin, adrenalin, tracheotomy tube,
razor, soap, nail-brush, lubrichondrin or other sterile lubricant, alcohol,
catheter, carbolic acid, bichlorid of mercury tablets, glass syringe, caps (towels
or gauze may be used for this purpose), gowns (sterile sheets will do in an
emergency), gloves if they are used, dressings, sponges, bandages, sterilized
towels and sheets, adhesive plaster, two scalpels, tissue forceps, hemostatic
forceps, probe, two pairs of scissors, needles, needle holder, aneurysm needle,
retractors, curette, drainage tubes, silk, catgut, silkworm gut, safety pins,
Kelly pad, instrument sterilizer, and an infusion apparatus. Special
instruments that may be needed in various operations are mentioned in
connection with the operation in subsequent pages. The after care of a
patient in a private house differs in no way from that in a hospital. It is
essential that, in an emergency, the nurse or caretaker have some means of
immediately communicating with the surgeon; there should be a telephone in
the house, or the nurse should know where the nearest one is situated. The
bed room should have been thoroughly cleansed previous to operation,
and the following articles should be handy: Pillows, blankets, sheets,
mackintosh spread, hot water bottles or bags, towels, dressings, bandages,
bed-pan, urinal, feeding-cup, medicine measure, temperature chart and note
book, carbolic acid or bichlorid of mercury, ice, enema syringe, catheter,
hypodermatic syringe, strychnin, atropin, and morphin.



CHAPTER V.
BANDAGES.

Bandages are employed to hold dressings or splints in place, to exert pres-
sure, and to maintain parts in position after the correction of deformity.

Various kinds of material may be employed. Muslin is strong and
cheap. Flannel is soft and elastic and adapts itself uniformly to uneven sur-
faces; it is used principally for eye and abdominal bandages, and as a primary
roller beneath plaster-of-Paris. Gauze is light, and readily adaptable to the
various parts; it is applied without making reverses, and is less liable to dis-
placement than muslin. Rubber is used when firm pressure is desired.
Plaster-of-Paris, silicate of soda, starch, etc., are used when absolute immo-
bility is demanded.

The roller bandage has a body, an initial and a terminal extremity,
an inner and outer surface, and an upper and lower edge. In preparing a
muslin roller bandage the material is torn into strips, the selvage removed,
and one end folded repeatedly until a small cylinder is formed. This is held
between the thumb and index finger of one hand, with the body underneath,
while the free extremity passes between the thumb and index finger of the
other hand, with the thumb above. By pronating and supinating both hands
and making tension, the free portion of the bandage is wound tightly and
evenly; a loosely rolled bandage is not easily applied. By the use of a
machine, bandages can be rolled better and more quickly. After winding,
the remaining selvage is removed and the end folded under and pinned.

A part is bandaged in the position in which it is to be retained; a bandage
applied to a limb in extension will be too tight when the limb is flexed.
one applied in flexion will become loose during extension. It should be ap-
plied neatly and with uniform firmness; if too tight, it will cause pain, perhaps
inflammation, or even gangrene; if too loose, the dressing will soon become
displaced. Bony prominences and tender points should be padded, and
apposed skin surfaces separated by lint or cotton. To begin a bandage,
apply the outer surface of the initial extremity to the part at its smallest di-
ameter, and hold it with the left hand until fixed by a few turns of the roller.
The terminal end is secured by pinning it in such a way that the point will
be concealed, and will not enter the tissues when the part is moved, by
splitting the bandage and tying the two ends around the part, or by encircling
the part with a strip of adhesive plaster. A bandage is removed by cutting
with blunt pointed scissors, or by gathering the folds in a loose mass as it is
unwound.

Varieties of Bandages.—The circular bandage (Fig. 18) is applied trans-
versely to cylindric parts. The oblique, or rapid spiral, is applied in ascend-
ing turns, between which there are uncovered spaces. The spiral bandage
may be ascending or descending, each successive turn overlapping a portion
of the preceding one. The spiral reversed bandage (Fig. 19) is used on
parts which are conical in shape. After fixing the initial extremity, the
body is carried off obliquely for four or five inches, the applied turn held
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by the thumb of the left hand, the portion of bandage between the hands
slackened, the right hand holding the body of the bandage changed from
extreme supination to pronation, and the bandage passed around the limb
and drawn firm. The reverses should be in line, and should not be made
over bony prominences, lest they cause discomfort. The figure of 8 bandage
(Fig. 20) consists of two loops of bandage forming a figure of 8, and is used
to_cover projecting parts, such as the elbow and knee in flexion. When a
number of turns are made, each one higher than the preceding one, they form
what is called a spica bandage (Fig. 48). The recurrent bandage (Fig. 23)
is used for amputation stumps, the top of the head, or the end of a finger. It
is applied by fixing the initial extremity by circular turns, making reverses
over the end of the part until it is covered, and then terminating by a few
spiral or spiral reversed turns.

Fi16. 18.—1. Circular FI16. 19.—Spiral reversed Fi1G. 20.—Figure of 8 of knee.
turns. 2.Obliqueturns. of the forearm.
3. Spiral turns.

Tailed bandages are made from strips of muslin, which vary in length
and width according to the part to be covered. Each end is torn into two or
more pieces up to within a few inches of the center.

Handkerchief bandages are made of handkerchiefs or other pliable ma-
terial, and are especially useful in emergency cases. A hankerchief folded
squarely across the middle forms a rectangle, diagonally a triangle, and when
rolled loosely it forms a cravat.

BANDAGES OF THE HEAD.

Barton’s Bandage (Fig. 21).—6 yards x 2 inches. Place the initial
extremity of the bandage just beneath the occipital protuberance, carry the
roller obliquely upward under the right parietal eminence, across the vertex,
downward over the left zygomatic arch, under the chin, upward over the
right zygomatic arch, over the top of the head, crossing the first turn in the
median line, downward and backward under the left parietal eminence to the
starting point, forward under the right ear, around the front of the chin, and
back again to the starting point. Three complete turns, each exactly covering
the other, are thus made, and a pin inserted at each crossing point. The ban-
dage is employed in fractures and dislocations to fix the lower jaw. Great
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care must be exercised in the application of any bandage to the jaw or neck,
especially in unconscious patients, as it may interfere with respiration or the
escape of vomited material.

Gibson’s Bandage (Fig. 22).—6 yards x 2 inches. Place the initial ex-
tremity upon the vertex, pass downward in front of the left ear, under the chin,
and up in front of the right ear to the point of starting. Repeat this turn
twice. On arriving at the right temple for the third time, reverse the ban-
dage and carry it horizontally around the head from forehead to occiput

F16. 21.—Barton’s bandage. F16. 22.—Gibson’s bandage.

On arriving above the left ear for the third time, drop the bandage downward
and carry it around the nape of the neck, under the right ear, around the
front of the chin, and back beneath the left ear to the nape of the neck.
Repeat this turn twice, and then, after pinning the bandage, make a reverse
over the top of the head in the median line. Insert a pin at each crossing
point. This bandage is used for the same purposes as, but is less secure
than, the Barton bandage

Oblique of the Jaw.—6 yards x 2 inches. If the left jaw is to be ban-
daged, place the initial extremity above and in front of the right ear, and
passaround the forehead from your left to right, applying two horizontal turns
from forehead to occiput; on arriving above the left ear,
pass down obliquely across the back of the neck, forward
under the right ear, under the chin, up over the left side
of the face at the edge of the orbit, obliquely over the
vertex, down behind the right ear, under the chin, and
up over the affected side, where each turn overlaps the
preceding one from the orbit to the ear. Behind the right
ear the turns overlie each other. On arriving above the
right ear with the last turn, the bandage is reversed and

Fic. 23 terminated as it was begun by encircling the head from

Recurrent of head. forehead to occiput. If the right jaw is to be bandaged,

substitute right for left, and left for right, in the above

description. This bandage is used for the retention of dressings to the
parotid region and angle of the jaw.

Recurrent of the Head (Fig. 23).—6 yards x 2 inches. Beginning at the
right temple two horizontal turns are applied; from the center of the forehead,
where the bandage is pinned or held by an assistant, it is reversed over the
head in the median line to the occiput, where it is held, and brought back to
the forehead covering one-half of the median turn. It is then carried back
and forth from the center of the forehead to that of the occiput, alternately
on each side of the median line, each turn covering two-thirds of the pre-
ceding turn. The bandage is completed by two horizontal turns. It may
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be made more secure by a turn passing under the chin, or by a cap with
bands fastened under the chin. Instead of longitudinally, the recurrent
turns may be applied transversely.

Crossed Bandages of One Eye.—s5 yards x 2 inches. To bandage the
left eye begin at the left temple, and fix by two horizontal turns from forehead
to occiput, from the patient’s left to right. On arriving for the second time
above the right ear, pass down under the occiput, under the left ear, up ob-
liquely over the left cheek, over the left eye, and up over the side of the head.
Asecond or perhapsa third turnisapplied, covering the preceding one one-half
from below upwards on the cheek and from above downwards on the head.
These oblique turns may be alternated with horizontal occipito-frontal turns,
by which the bandage is terminated. It is more comfortable to the patient
to have the ear on the affected side covered with cotton and included in the
bandage. To bandage the right eye begin at the same point, and carry the
bandage from the operator’s left to right.

F1G. 24. Fi1cG. 25. Fi16. 26.
Crossed bandage of Borsch’s eye bandage. Oblique bandage of
both eyes. (Gould.) head, to be completed

by a circular turn.

The crossed bandage of both eyes (Fig. 24) is practically a figure of 8
bandage with circular turns around the head.

Borsch's eye bandage is shown in Fig. 25.

The occipital frontal bandage consists of figure of 8 turns applied to
the head longitudinally. .

The oblique bandage of the head (Fig. 26) consists of figure of 8 turns
applied transversely.

The head and neck bandage also is a figure of 8 bandage. The ban-
dage is fixed by turns around the head above the ears, then carried across the
back of the neck, around the throat, and back to the starting point.

The knotted bandage of the temple, used for hemorrhage, is shown in
Fig. 27, a double roller being employed.

The four tailed bandage is shown in Fig. 28. It may be applied to the
forehead by tying the ends under the chin and behind the head; to the occi-
put by tying the ends around the forehead and under the chin; or to the chin
by tying the ends over the vertex and behind the neck.

The occipito-frontal triangleisa handkerchief bundage which is applied
by placing the base of the triangle on the nape of the neck and bringing the
apex forward over the forehead. The ends of the base are knotted over the
apex, which is turned up over the knot and pinned.

In the vertico-mental triangle the base of the triangle is placed on the

e oo
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top of the head with the apex backward; the two ends of the base are knotted
under the chin and the apex pinned at one side of the head.

The cravat may be used for various parts of the head when applied in the
form of a figure of 8.

-

' NN

F16. 27.—Knotted bandage F1G. 28.—Four tailed
of temple. bandage of head.

The square cap of the head is illustrated in Figs. 29 and 30. The hand-
kerchief is folded in the form of a rectangle, with one of the free edges pro-
jecting an inch or more beyond the other. The outer corners are tied under
the chin; the inner corners are drawn out, carried backwards, and knotted
behind the head.

' Ny oo
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F1G. 29.—Square cap of head. FiG. 30.—Square cap of head.

BANDAGES OF THE UPPER EXTREMITY.

The spiral of the finger (Fig. 31)—14% yards x 1 inch—is applied by
placing the initial extremity lengthwise on the finger, making one or two
reverse turns over the end of the finger, then reversing and covering the finger
by ascending spiral turns.

The Spica of the Thumb.—3 yards x 1 inch. Fix the initial extremity
by two cicurlar turns around the wrist, and carry the bandage to the tip of
the thumb, which is encircled once. Figure of 8 turns around the thumb
and wrist, each one overlapping the previous one and alternating with a cir-
cular turn around the wrist, are now applied until the thumb is covered. The
bandage is terminated by a circular turn around the wrist.

Gauntlet Bandage (I'ig. 32).—3 vards x 1inch.  Fix the initial extrem-
ity around the wrist, and pass across the palm to the base of the thumb if
bandaging the left hand; pass by an oblique turn to the tip of the thumb, which
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is encircled leaving the tip uncovered; cover the thumb by ascending spiral or
spiral reversed turns, then pass across the dorsum of the hand to the ulnar
side of the wrist and encircle once. The index finger is bandaged next, and
so the other fingers, the bandage being terminated by a turn around the wrist.

Demigauntlet Bandage (Fig. 33).—Fix the initial extremity around the
wrist. If bandaging the dorsum of the left hand, pass to the base of the
little finger, encircle it, then pass to the radial side of the wrist and encircle it.

Fic. 31. ' F1G. 32. F1c. 33.
Spiral of finger. (Gould.) Gauntlet. (Gould.) Demigauntlet. (Gould.)

The bandage is then carried to the base of the ring finger, and in turn to all
the others, alternating a turn around the finger with one around the wrist.

Spiral Reversed of the Upper Extremity (Fig. 19).—7 yards x 24 inches.
Fix the initial extremity by circular turns around the wrist. Pass obliquely
across the dorsum of the hand to the tips of the fingers and make a circular
turn. The fingers are covered by spiral reversed turns, the back of the hand
and wrist by figure of 8 turns, the forearm and humerus by spiral reversed

F1c. 34.—Spica of shoulder. FIG. 35.—Brachio-cervical triangle.
(Gould.) gEsmarch and Kowalzig.)

turns, and the bandage terminated as a spica of the shoulder. If the elbow
is to be dressed in flexion, figure of 8 turns are used in this region. A bandage
may be applied also to the upper extremity in a series of figure of 8 turns.
This is more secure than the spiral reversed.

Spica of the Shoulder (Fig. 34)—8 yards x 23 inches.  Fix the initial ex-
tremity by circular turns around the humerus on a level with the axillary fold.
If bandaging the right shoulder, carry the bandage across the front of the
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chest, through the left axilla, and across the back to the arm. Encircle the
arm and chest alternately, making each successive turn ascend higher than the
previous one, by exposing one-half or two-thirds its width, until the shoulder
is completely covered. A descending spica is applied by fixing the bandage as
described, and placing the first turn high up over the shoulder and overlap-
ping from above downwards.

F16. 36.—Oblique triangle of arm and chest. (Davis.)

The figure of 8 of the neck and axilla is applied by encircling the
neck, then passing under the axilla, and ascending to the starting point, the
turns intersecting over the shoulder.

F1c. 37.—Oblique triangle of arm Fic. 38.—Triangle for suspending
and chest, second method. (Esmarch arm from injured side. (Esmarch
and Kowalzig.) and Kowalzig.)

A few of the handkerchief bandages and slings for the upper ex-
tremity are shown in Figs. 35 to 38.

BANDAGES OF THE TRUNK.

The spiral bandage of the chest consists of overlapping spiral turns, as-
cending from the waist to the level of the axille. The final spiral turn is
pinned at the spine and the bandage carried over one shoulder to the middle
of the sternum where it is again pinned. It is then brought back across the
opposite shoulder to the spine, thus acting like suspenders.
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The figure of 8 of the shoulders—6 yards x 24 inches—may be applied
anteriorly (Fig. 39) or posteriorly.

Suspensory Bandage of the Breast (Fig. 40).—7 yards x 24 inches.
Place the initial extremity on the scapula of the affected side, and pass over
the opposite shoulder, down obliquely under the affected breast, and beneath
the axilla to the starting point. Continue around the chest under the sound
breast, and across the lower portion of the affected one. These turns are
alternately continued, each one overlapping from below upwards, until the
breast is covered. To dress both breasts apply an oblique turn to one side,
then a circular turn, then an oblique turn to the opposite side.

Velpeau'’s Bandage for Fractured Clavicle (Fig. 41).—7 yards x 2}
inches. First place the arm in the Velpeau position, the hand of the injured
side on the opposite shoulder. From the axilla of the sound side pass across
the back,-over the outer part of the injured shoulder, down across the middle
of the arm, behind the elbow, across the chest, and through the axilla of the
sound side to the point of starting. Next apply a horizontal turn on a level

F16. 39.—Anterior figure of 8 of
shoulders. (Gould.)

with the affected elbow. Repeat these turns until the elbow is covered with
the vertical, and the wrist with the horizontal turns. The vertical turns should
overlap two-thirds of each preceding turn, and the horizontal ones, one-third.
Secure the bandage by strips of adhesive plaster.

Desault’s Bandage for Fractured Clavicle (Fig. 42).—Three bandages,
7 yards x 2% inches, and a wedge-shaped pad. The pad is placed in the
axilla of the injured side, base up. The arm is allowed to hang by the side,
and the forearm is flexed at a right angle. The first bandage is used to hold
the pad in place. Beginning at the base of the pad, descending spiral turns,
encircling the chest, are applied down to its apex near the elbow, and then
ascending spiral turns back to its base. To hold the pad up in the axilla, the
first bandage may be terminated with a figure of 8 turn of the opposite
shoulder. The second bandage binds the arm to the side. Beginning at the
axilla of the sound side, on a level with the base of the pad, descending spiral
turns are applied, with increasing firmness, down to the elbow so as to carry
the shoulder outwards. The third bandage is applied in the form of an
anterior and a posterior triangle, the apex of each being formed by the axilla
of the sound side, and the base by the humerus of the injured side. Begin
the bandage at the axilla of the sound side posteriorly, pass over the affected
shoulder, down in front of and parallel with the humerus, under the elbow, and
across the back to the starting point. The anterior triangle is applied in the
same way, by continuing the bandage through the axilla, across the chest,
over the shoulder of the injured side, down behind the humerus, under the
elbow, and back across the front of the chest to the starting point. The
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formula of both triangles is, from axilla, to-shoulder, to elbow, and back to
axilla. These turns are repeated two or three times, each succeeding turn
covering in two-thirds of the preceding one. The third bandage carries the
injured shoulder upwards and backwards.

The double T bandage of the chest consists of a broad band which
encircles the chest, and to which are attached two narrow bands, one passing
over each shoulder.

The double T bandage of the abdomen is similar to the above. The

F1G. 41.—Velpeau bandage. F16. 42.—Desault bandage. F16. 43.—Many tailed
(Gould.) (Gould.) bandage of abdomen.

vertical strips are attached to the lower edge, and are passed from behind
forward between the thighs and pinned in front, to prevent the binder from
slipping up on the abdomen.

The many tailed or Scultetus bandage of the abdomen (Fig. 43) con-
sists of a piece of flannel long enough to reach one and a half times around the
body and wide enough to reach from the costal border to the pubic bone.
Each end is torn, for one-third the length of the bandage, into several tails.
The untorn portion is placed behind, and the tails are overlapped alternately
in front, from above downwards, and secured by safety pins.

F1G6. 44.—Triangle for suspending breast. (Davis.)

The T bandage of the perineum consists of a strip of muslin about 2%
inches wide, and long enough to fasten around the abdomen. To the center
of this is attached a strip about five inches wide and about two feet long,
which passes between the thighs and is fastened in front, either by pinning it
to the horizontal band, or by tearing it into two bands (in the male) and
knotting each to the horizontal band.

The handkerchief bandage for suspending the breast is illustrated in

Fig. 44.
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BANDAGES OF THE LOWER EXTREMITY.

Foot Bandage Covering the Heel (American).—6 yards x 2 inches.
Fix the initial extremity at the ankle by two circular turns, pass obliquely
across the dorsum of the foot to the base of the toes, and apply a complete
circular turn. Ascend over the dorsum by several spiral reversed turns until

F1G. 45.—American bandage of heel; circular F1G. 46.—Spica of foot.
turns about ankle have been omitted.

opposite the heel, around which the bandage is carried by a circular turn; next
pass above the heel, beneath the arch of the foot, then up over the instep
(Fig. 45). Similar turns are applied to cover the other side of the heel, and
the bandage terminated by encircling the ankle.

The foot bandage not covering the heel (French) is the same as the
above, except that the ankle is covered by figure of 8 turns and the heel
remains exposed.

F16. 47.—Figure of 8 of leg. (Davis.) F16. 48.—Spica of groin,

The spica bandage of the foot is explained by Fig. 46.
The spiral reversed of the lower extremity is similar to that of the
upper extremity.

The figure of 8 of the leg is shown in Fig. 47.
_ . Spica Bandage of One Groin (Fig. 48).—7 yards x 2} inches. Fix the
initial extremity at the upper portion of the right thigh near the perineum, by
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two circular turns; pass obliquely across the front of the pelvis, just above
the pubes, to the top of the left thigh, across the back, obliquely down across
the first turn at the junction of the thigh with the scrotum, and then around
the thigh. These turns are repeated, overlapping from below upwards
(ascending spica). The bandage may be applied also by encircling the pelvis
higher up and overlapping from above downwards (descending spica).

Spica of Both Groins.—12 yards x 24 inches. Fix the initial extremity
as in the single spica, and pass obliquely across the front of the pelvis to the
opposite side of the abdomen, across the back, and obliquely downward to
the outer side of the left thigh. Apply a circular turn to the left thigh, and
from the inner side of the thigh pass obliquely upward and outward over the
same hip; then apply a circular turn around the waist, pass across the back
again, and down in front of the right thigh; carry the bandage around the thigh,
and from the outer side of the thigh repeat the turns, overlapping from below
upwards, and terminating by a circular turn around the abdomen or thigh.
A spica bandage may be applied to the outer aspect of the thigh or to the
buttock in the same way.

F1G6. 49.—Sacro-pubic triangle. F16. s0.—Scrotal triangle.
(Esmarch and Kowalzig.) (Davis.)

Figs. 49 to 53 demonstrate the use of the handkerchief bandages of
the lower extremity.

Fixed dressings are largely used to immobilize parts after fractures, os-
teotomy, and tenotomy, and in the treatment of inflammatory affections of
joints and deformities. Among the materials which have been used for this
purpose are glue, gum arabic, paraffin, and tripolith, but those most com-
monly employed are plaster-of-Paris, silicate of soda, and starch.

Plaster-of-Paris is the best material for a fixed dressing. Coarse cotton
or crinolin bandages are rolled by hand or machine, the meshes being
filled with dry plaster. Owing to the hydroscopic powers of the plaster-of-
Paris, the bandages should be kept in air tight receptacles, or baked before
use in order to drive off the moisture. Bony prominences are first padded
and a flannel bandage applied. The plaster-of-Paris bandages are sub-
merged in water until the bubbles of air cease to escape, and, after squeezing
out the excess of water, applied evenly to the limb until the desired thickness
is obtained, making as few reverses as possible. The appearance of the
cast is improved by coating it with plaster-of-Paris cream, which is prepared
by mixing equal quantities of plaster-of-Paris and water. The cast may be
strengthened by incorporating in it strips of wood, metal, cardboard, etc.,
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and it may be coated with a layer of silicate of soda or varnish, to render it
impervious to water. The finest grade of plaster hardens in fifteen minutes,
the coarser grades in a longer time. The hardening process may be hastened
by using hot water, or by adding salt (one ounce to the quart of water),

F16. 52.—Malleolo-phalan-
geal triangle. (Esmarch and
Kowalzig.)

Tibial
triangle.

F16. sr.—Handkerchief
bandages of lower extrem- F16. 53.—Gerdy’s extension
ity. (Davis.) cravat. (Davis.)

alum, or cement; it may be delayed by using cold water, or by adding starch,
glue, dextrine, or milk. When nearly dry the cast should be cut with a
sharp knife; in order to protect the patient, a narrow strip of sheet lead or
similar material may be placed over the flannel bandage before the plaster

F1G. 54.—Stirrup plaster-of-Paris dressing for knee. (Esmarch and Kowalzig.)

is applied. The hardened plaster may be cut with a knife, saw, or shears,
after the line of division has been moistened with hydrochloric acid, vinegar,
or salt water. When there is a wound which will require dressing, it should
be surrounded by a strip of lead or other material which will form a projection
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through the plaster dressing and indicate the portion to be cut away, or the
area may be left uncovered when the plaster is applied. Another method,
particularly useful after rescction of joints, is to apply the cast in two sections
which are connected by metal or wooden arches (Fig. 54), the ends of the
arches being horizontal to be incorporated in the plaster-of-Paris. Plaster-
of-Paris splints may be made by spreading plaster-of-Paris cream between
layers of linen, which are molded to the parts and allowed to harden.

Silicate of soda can be bought as a solution, which is sometimes called
liquid glass. It may be applied in the same way as plaster, or a few layers of
gauze bandage may be applied and painted with the solution, this process
being continued until the desired thickness is obtained. The silicate cast
is light and strong, but has the disadvantage of drying very slowly (twenty-
four hours); the process may be hastened by adding pulverized chalk or
cement.

The starch bandage is used when a very firm splint is not required.
The bandage is soaked in a solution of starch, made with boiling water, and
applied like the plaster bandage. It also requires twenty-four hours or more
to harden.



CHAPTER VI
INFLAMMATION.

Inflammation consists of (1) changes in the blood vessels, ﬁ_z_) the passage _

of fluids and solids from the blood vessels, and (3) changes in the perivascular _
tissues. .
disposing causes of inflammation comprise those conditions
which lower the general vitality, such as old age, cardiac and vascular
derangement, alcoholism, plethora, gout, syphilis, rheumatism, tuberculosis,
diabetes, Bright’s disease, anemia, and diseases and injuries of the nerves.
I'he exciting causes are injury and infection.  Injury may beé mechanical,
such as blows and wounds; chemical, such as strong acids or alkalies, stings
of insects, and bites of animals; or thermal, either heat or cold; all of which
kill the tissue cells, the resulting products of the dead cells acting as irritants.
Infection is by far the most common cause, and the most important factor
even in traumatic inflammation. Bacteria induce inflammation by their
toxins, which act directly, and also indirectly, like trauma, by killing the
cells, which set free irritating products.
1. The changes in the blood vessels consist of a momentary contraction,
followed by active hyperemia, i.e., a dilatation of the blood vessels with a

marked acceleralion in the velocity of the blood stream. After a time retarda-
tion of the blood current occurs, and the stream becomes slower and slower
(passive hyperemia), until in some cases it no longer progresses, but sways
backward and forward (oscillation); finally all motion may cease (stasis), and
the blood may coagulate (thrombosis) or rupture the vessel wall (rhexis).
While these changes are taking place, the leukocytes separate from the axial
stream and mass themselves along the walls of the blood vessels (margina-
tion), while the red corpuscles run together, forming rows, or rouleaux. The
Blood plaques are increased in number and tend to associate with the leuko-
cytes along the sides of the stream.

2. The passage of fluids and solids from the vessels, or exudation, begins
as soon as the blood vessels have dilated. The exuded material includes
liquor sanguinis or plasma, red cells, leukocytes, and blood plaques. Nor-
mally the liquor sanguinis Teaves the interior of the blood vessels to nourish
the tissue cells, and the excess is absorbed by the lymphatics, but in inflam-
mation the amount is much greater than that which can be removed by
the lymph vessels. "The process is probably not a simple filtration, but may

~be Tikened to secretion, in that the endothelial cells play an active part.
This Huid dilutes the toxins, contains bactericidal and antitoxic sera, and in
chronic inflammation “increases the nourishment of the tissues. The
leukocytes, particularly the polymorphonuclears, migrate from the vessels by
insinuating a little process between the endothelial cells, which have been
weakened, stretched, and probably separated as the result of the dilatation of
the vessel; this process, or pseudopodium, gradually works its way through
the vessel wall until it reaches the exterior, when the body of the leukocyte
flows into the pseudopod and is then in the perivascular tissues. Although
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the leukocytes migrate to some extent from the capillaries and arterioles, the
process is most active in the venules; migration begins with the onset of
hyperemia, and continues as long as the blood is in motion. There is a vast
increase in the number of leukocytes, not only in the inflammatory area, but
also in the general blood stream (leukocytosis). The red cells and blood
plaques, being incapable of ameboid movements, are passively carried
“through the vessel walls with the plasma (diapedesis).

3. Changes in the Perivascular Tis5es.—As the result of the breaking
up of some of the leukocytes, which sets free fibrin ferment, the plasma
coagulates, forming inflammatory lymph; the serum which forms infiltrates

‘the tissues, giving rise 1o edema. ~The teukocytes destroy bacteria, devour

particles of dead tissue, and pass back'info the circulation through the lym-
phafics; il suppuration erisues they form pus cells. The red blood cells and

“"the blood plaqueés are disintegrated, and reabsorbed by the lymphatics, or

are devoured by the leukocytes and fibroblasts. The connective tissue cells
proliferate, and the resulting cells are known as fibroblasis. It is believed
“that the Teukocytes neither multiply, nor enter into the formation of new tissue.
The mass formed by the fibroblasts is called embryonic or indifferent tissue,
because it repairs any of the various tissues in which it may be found.

In inflammation of non-vascular tissue, e.g., the cornea and cartilage,
the surrounding blood vessels dilate, and exude their contents into the lymph
or intercellular spaces of the tissues, where the exudation undergoes the
changes already described.

The pathology of chronic inflammation is practically the same as
that of the acute form, except that the phenomena are less active and much
longer in duration. The chief difference is seen in the behavior of the peri-
vascular tissues, which in chronic inflammation become thickened and*hard-
ened as the result of the proliferation of the fixed cotinective tissue cells;
Tater, particiilarly in syphilitic and Tubercilous subjécts; marked degenerative
changes may take place in this tissue.

Inflammation extends in the same manner as other infections (p. 32).

Inflammation terminates in recovery or in death of the tissues.
Recovery takes place suddenly (delitescence); gradually, the exudate being
absorbed by the lymphatics (resolution); or with new growth, the embryonic
tissue becoming vascularized, or organized, and the fibroblasts forming
fibrous tissue. Death occurs as suppuration, ulceration, or gangrene.

The varieties of inflammation are: Acule, which is sudden in onset and
runs a severe course; subacute, which is more tardy and less severe than the
acute; chronic, which is of a low grade and lasts for a long time; sthenic, a
robust inflammation in a robust individual; asthenic, or adynamic, a low
grade inflammation in an old or a debilitated individual; parenchymatous, in
which the parenchyma or secreting cells of an organ are affected; interstitial,
involving the connective tissue of an organ; traumatic, due to an injury;
idiopathic, in which the cause cannot be found; simple, or common, due to
non-bacterial irritation; infective, or specific, due to bacteria; serous, charac-
terized by a profuse exudation of serum; plastic, adhesive, or fibrinous, in
which the exudate causes adjacent organs to adhere; purulent, phlegmonous,
or suppurative, characterized by the formation of pus; hemorrhagic, in which
the exudate contains considerable blood; catarrial, affecting mucous mem-
branes and causing an increased flow of mucus; croupous, or pseudo-
membranous, characterized by the formation of a false membrane consisting
of fibrin and cells; diphtheritic, in which the false membrane is formed from
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the tissues rather than from the exudate; gangrenous, resulting in gangrene;
and sympathetic, reflex, or metastatic, when the process appears in a distant
tissue, as inflammation of the breast, ovary, or testicle following mumps.

The symptoms of acute inflammation are local and constitutional.
When the symptoms are slight or absent, e.g., in some instances of inflamma-
tion of Peyer’s patches in enteric fever, the condition is called latent.

The local symptoms are pain, heat, redness, swelling, and disordered
function (dolor, calor, rubor, tumor, functio lesa).

Painis due to pressure upon the nerve terminals by the dilated vessels
and the exudate, or to irritation the result of bacterial toxins or chemical

“changes in the part. Tt is increased by pressure with the hand (tenderness),
and by raising the blood pressure, e.g., by placing the inflamed part in a
dependent position; in organs, such as the eye, testicle, and bone, which are
covered by dense fascia or fibrous tissue, and in which swelling cannot easily
occur, the pain is much more sevére. In viscera covered by serous mem-
brane the pain is dull until the serous membrane is reached, when it becomes
severe and lancinating. Inflammatory pain is slow in onset, remains in one
situation, persists, and is accompanied by other signs of inflammation.

‘Heat is due to the large amount of blood brought to the inflamed area,
and in Inflammations on the surface is"easily appreciated by the hand. “The
temperature as shown by a surface thermometer, however, is never greater
than that of the blood in the internal organs, hence as a symptom local heat
is of value in superficial inflammation only.

Redness is due to the increased amount of blood. In the early stages it is
bright, and returns with great rapidity after the relief of pressure, showing an
active circulation; as the velocity of the blood stream decreases, it becomes
more dusky, and returns more slowly after the removal of pressure. During
the stage of stagnation it may be impossible to remove the color by pressure.
In avascular tissue the redness is seen at the edges of the part. “In inflamma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>