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Preface

AS THE BOUNDARIES of medicine steadily expand,
the problems of medical education become more complex. The con-
cept that education is a dynamic endeavor which must be continuously
adapted to changing times is applicable to the over-all problem of
medical progress. However, the nndcrgmdunl(- period in medicine is
short and the fund of medical knowledge which it appears desimble
to bring to the student is voluminous, To be realistic, it is impossible
1o encompass the field of medicine in its entirety in the undergraduate
years. Therefore it is time to clarify objectives, 10 select and orpanize
relevant material and ta detenmine how these data may best be pre-
sented to the student. In order to do this, we must determine what
the undergraduate should learn and what the graduate may reasonably
be expeeted to leam after leaving medical schaol. It is apparent that
the cducation of the physician is a continuing process and that gradua-
tion from medical school is only one milestone in this process. We
cannot expect the medical graduate to be a finished product from the
mere circumstances of his exposure to a vast amount of accumulated
knowledge, some laboratory and clinical experiences and a sincere
cffort to understand the human body and its ills. While some of the
knowledge offered at medical school is retained, it is soon forgotten
unless used. It scems, therefore, that we must determine and teach
that which we consider basic and convey with it an understanding of
the implications, correlations and applications to medicine in its many
phases, now and in the foreseeable future. We can hope to accomplish
Little more than this at the undergraduate level,

In the present work, the attempt has been made to set forth in sim-
ple terms the considerations that are belicved to be fundamental to
the study of general surgery, including certain aspects of physiology
and pathology encountered in the patient. Detailed descriptions of
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6 FUNDAMENTALS OF GENERAL SURGERY

technical procedures (e.g., operations) which serve to confuse, rather
than to clanfy, the student’s thinking have been omitted, Such jtems
are best presented in the postgraduate years. Pathophysiologic mech-
anisms as they apply to an understanding of the surgical patient have
been emphasized, and the holistic concept in the care of the patient
and the dangers inherent in the narrow and uneritical perspective of
the all too common surgical techmeian have been stressed.

The author believes that undergraduate teaching in medicine in
general and 1n surgery in particular need not suffer serious embarrass-
ment from the limitations of time allowed by present-day curricula.
Given a student who has reecived proper motivation and has been
exposed to the basic knowledge of the premedical and medical eur-
riculum, there need be no fear that items left unsaid will necessarily
remain unlearned

The textbook serves a limited function in the teaching-learning
processes m medicine, It is inevitable that some deficiencies attach to
every effort to represent a dynamic process in static form. of which
textbooks are esamples. Furthermore, the ideas expressed in any
work, such as this one, reflect only the concepts and experiences of
the author The author’s ideas also change, and not infrequently they
are at variance with the ideas of others, Thus the present work is only
an attempt to describe within the limitations of time, space, knowledge
and language those concepts which the author and his contributors
believe and teach. It is not pretended that these discussions are com-
plete, on the contrary, it is recognized that they are quite incomplete.
For this reason, the student must also be exposed to the problems of
the patient in the hospital wards and clinic, to ward rounds, lectures,
conferences and personal discussions with his instructors and fellow
students. Above all, he must himself be an active participant, Each
such evperience tends to augment other experiences.

The objectives of undergraduate surgical teaching listed below
have evolved from many classroom and bedside efforts and many dis-

cussions with colleagues and students It is hoped that this book may
aid the student in their attainment.

1. To advance growth and understanding regarding fundamental
preclinical and clinical knowledge and to increase the stu-
dent’s capacity for the application of basic principles.

2. To increase his awareness of the great variety of clinical forms
produced by a given pathologic process.
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3. To develop sureness and equanimity in the conduct of emer.
geney situations.

. To become acquainted with varions alternative managements
of given problems,

. To increase hnowledge and confidence in handling certain

*minor” surgical problems,

To gain a “urgical approach™ to the patient by developing

specific management technics applicable to the preoperative,

operative and postoperative p('rimk.

To leamn what may be predicted of centain surgieal procedures,

in terms of hospital care, cost and time, “cure”™ potential, future

complications, disability ar recurrence., Long-mnge follow-up
in the clinic for ontpatients fs especially important in this

regard,

. To augment the development of satisfactory doctor-patient and
doctor-doctor relationships,
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Historical Perspectives

THE HISTORY of surgery can be traced to ancient
times; but from these early beginmmngs, throngh the Dark Ages, the
Middle Ages and the Renaisance, hittle progress was made in surgery
as we know it today. For some thouands of years, it was a combina-
tion of mysticism and religious rite. Skulls were opened for the release
of demons; circumeision was a priestly nite. The first of the specialists
was called into being to cut for the stone. Always, in this world of
violence, there was the surgery of trauma. And paralleling man's
inventiveness were the increasingly destructive exigencies of war.
The surgeon was a crftsman of a sort, meeting such problems with
the red-hot rod, boiling oil, the septic Iigature or amputation. Surgery
was a bitter task, abused by charlatans, outlawed at times by the
body politic of organized religion, with suffering and death its con-
sequences.

Medicine as a science dates to the Renaissance and the exciting
discovery that the experimental method was the hey to new knowledge.
Search was the spirit of the age. Men were possessed of the idea.

Let thy Studies be free as thy Thoughts and Contemplations;
but fly not only upon the wings of Imagination; Joyn Sense unto Reason,
and Expenment unto Speculation, and so give Iife unto
Lmbryon Truths, and Verites yet in their Chaos
=St TroszMAs Browxe, 1605-1682
From Essay on “Christian Morals,”
first published 1716.

Copernicus, Da Vinci, Galileo, Napier, Lecuwenhock, Bacon, Vesalius
and Harvey are numbered among its standard-bearers. The develop-
ment of the microscope and the telescope, the broad implications of
the law of falling bodies and the science of logarithms provided man

19
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Ambroise Paré (3510-1590), French army surgeon, chtonicled his
war experiences and, with inquiring mind, raised again and again
the inevitable "Why?™ Then, in wisdom and humanity, hased on his
own obcervations and expericnee, Paré u‘[cc(rd the cautery and
bailing, oil for more beneficent methods of treatment: Je Tat panvay:
Dicu le gaurit! ®

Fundamental advances in science and medicine continned in the
centurics that followed, The nineteenth contury s notable for the
evolution af concepts and the development of technics that are the
basis of modem surgery. Virchow (1521-1902) established the
cellular basis of pathology. Louis Pasteur demonstrated that fermenta-
tion is dependent on living organisms (1861). Koch claborated his
famous postulates reggarding the bacteriologic specificity of disease:
“One microbe, one disease.” It seemed clear now that infections did
not arise de novo and without cause, The setting was complete in
anticipation of Joscph Lister's memorable contribution to mankind;
On the Antiseptic Principle in the Practice of Surgery was published
in 1867. The concept of homeostasis, the outstanding generalization
of biology, was presented to medicine by the French physiologist
Claude Bermard (1513-1578), whose brilliant summarization of this
remarkable idea is quotable in one short sentence: La fixité du milicu
intéricur est la condition de la tie libred The basic philosophy and
strict requirements of the scientific method were given classical state-
ment by this same Clauwde Bemard in La Science Expérimentale
(1878). Toward the close of the century, Rontgen discovered the x-ray
and the Curics isolated elemental radium,

When all of this, and more, had been realized, the scientific bases
of modem surgery were secure. And what of operative surgery throngh
all the long centuries?

The status of operative surgery was clonded in darkness. Scarcely
longer ago than onc man’s lifetime, surgery was shock and pain and
sepsis. In the middle of the nineteenth century, wounds rotted and
stank. The surgeon Pirogoff (1854) gave expression to his own agoniz-
ing sense of futility, in an essay on luck in surgery, estimating his
skill and methods of treatment as nothing compared with that of
clhzmce in determiming the success of an operation. Wound suppura-
tion, purulent edema, erysipelas, traumatic tetanus and hospital gan-

* I dressed the wound, God healed it!

1 The stability of the internal environment [the body fluids] i it
the fibe loaratity of the ent [the body fluids] is the condition of
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with the tools of discovery and revealed new worlds to conquer. The
development of the printing press—mortal foe of dogma—fumished
the means of communication whereby knowledge and discovery might
become the common property of all men.

In 1543, Vesalius, Professor of Surgery at Padua, effected a one-
man revolution in medicine with the publication of De Corporis
Humani Fabrica Libri Septem. Science was brought to life in the
study of anatomy. Benievieni, Malpighi and Valsalva soon demon-

JOHN CRERAR LIBRARY

JosEPH LISTER
1827-1912

strated that the postmortem examination could reveal the hidden
causes of disease, and the science of clinical pathology was born.
William Harvey introduced the experimental method into medicine
in 1628 with the publication of De Motu Cordis et Sanguinis in
Animalibus and John Hunter (1728-1793) extended it to the study of
surgery.

Men of medicine spoke for their age. In symbolic act, Paracelsus
(1493-1541) burned the books of Galen and Avicenna and then
instructed his students to study, to observe and to experiment.
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in 1556, and instruments conld be freed of bacteria. The operator’s
hands conld be scrubbed, and the patient’s in could be cleansed
with soap and water. By 1591 the ribber plove of Halted was wsed to
ovelude the hands of e surgical team from the operatise wonnd.
Johann von Mikulicz-Radecki studicd the bacteriology of air and
suggested the use of surgical mashs, As the aseptic technie developed,
the need for antiseptics decreased. Soon the reorirntation was com-

LAIVERSITY OF 31 LINOIS COLIFGE OF MIDICINE

WiLLiane Stuwant Hansten
1852-1922

plete. In 1892 the fixed and timeless principles of asepsis were sum.
manzed in one small volume by Curt Schimmelbusch, entitled The
Aseptic Treatment of Wounds.

The control of hemorrliage was a pyrrhic victory for surgeons
until anesthesia and asepsis made deliberate surgery and wound
healing by first intention a probability rather than an accidental
occasion. The art of hemostasis was slowly leamed. Ambroise Paré
four hundred years ago, discarded the red-hot rod, boih’ng oil nnd’
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grene were the scourges of surgeons. Little more than a dozen years
before, anesthetics were unknown and surgery was pain. Little wonder
that a most extreme emergency was required for a patient to submit
to the knife. Then, almost in an instant, operative surgery was trans-
formed by three remarkable developments: the introduction of
anesthesia, antisepsis and asepsis, and the contro! of hemorrhage.

The story of anesthesia is a fascinating chapter in the history of
medicme. Modern anesthesia began with Crawford Long of Jefferson,
Georgia, who, from observations at an ether frolic, was stimulated to
give ether by inhalation to one James Venable for the removal of a
tumor on his neck (1842). This is a memorable date in history, al-
though the details of Long’s studies were not published until 1849. In
the meantime, a historic demonstration had taken place: On October
16, 1846, m the surgical amphitheater of the old Massachusetts
General Hospital, William T. G. Morton, dentist and medical student,
administered an unrevealed vapor (ether) to Gilbert Abbott for the
removal of a tumor on his jaw (surgeon, John Collins Warren).
Subsequently, the term “anesthesia” was coined by poet-physician
Oliver Wendell Holmes. The value of nitrous oxide for anesthetic
purposes had been shown in 1844 by Horace Wells of Hartford
Chloroform was given strong public support after Sir James Young
Simpson, Professor of Midwifery at the University of de’nburgh,
had given 1t to Queen Victoria when Prince Leopold was born (1853).
Some dozen years after the discovery of ether the conquest of pain was
fait accompli.

Antisepsis and asepsis were anticipated by the epochal studies
of Louis Pasteur and Robert Koch during the years 1850-1865. The
combined results of their efforts were to shatter the ancient theory
of the spontaneous generation of infections and to pave the way for
Lister Lister'’s expertments and clinical trials with the application
of strong carbolic solutions to freshly received compound fractures
were reported in 1867. Carbolized dressings were introduced, and
carbolic spray for use in operating rooms. The antiseptics purified
the surgical field but were necrotizing to patient and surgeon alike.
To protect the hands of lus surgical nurse, William Stewart Halsted
introduced the use of rubber gloves in surgeries. The obvious dis-
advantages of carbolic acid led to an extension of the Antiseptic
Principle. If purification of the wound could be achieved by anti-
sepsis, protection of the wound might be obtained by preventive
measures. Stenlization by boiling was introduced by von Bergmann
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toumiquet, the clectrocantery and the silver dlip, nc the wirgran
strives 1o achieve the ideal siate of complete hemotadis.

MODERN SURGERY

As one Tooks hackwan, the brightness of the nincteenth-oontury
revolution and the dates 1532 and 1567 obeeute all lewer milestones,
The so-called surgical phase of modem surgery was in farge part the
special contribmtion of the fifty years following these advanees,

The first result of ancethesia and asepsis was a reduction in the
mortality rate of operations that had been done sinee time immemorial:
amputations and vaseular ligations, excision of superficial tumors,
emergency operations for strangulated hemia, breat amputation,
removal of bladder stones, trephining. cte. The surgical teclinics of the
past were modificd and perfected. The scope of surgery was then
extended o new fronticrs. Elective surgery beeame a practical reality,
and visceral surgery was bam. Open procedures on bone and joints,
reconstructive aperations of all types, surgical procedures on the
central nervous system, tharacie surgesy and, more recently, the
spectacular advances in cardiovascular surgiery, carried operative sur-
gery to the last of the anatomic {rontiers hy the middle of the present
century (1930). Modern surgery with the ultrasonic sealpel, for ex-
ample, first used to approach subcortical and midbrain areas of the
central nervous system in 1833, is a far ery from cold steel. And modemn
clased-circle-system anesthesia, with induced hypothermia and variaus
cross-circulation, oxygenating heart-himg devices, to allow direct
aceess to the inside of the heart, are a world away from the oceasion
of using an “unrevealed vapor™ (ether) for the removal of a tumor on
the jaw in 1846,

The true story of any age is to be found in the narmtive account
of its people—~in the personal story of their lives, the reenrd of their
accomplishments, their triumphs and failures, their advances and
retreats, their hopes and fears. The stary of surgery is not to be had
for the telling. It is to be found in dusty archives of surgical and medi-
cal history, seldom-read biographic and autobiographic accounts of
the personalities of the day, a firsthand acquaintance with old leather-
hound texthooks and lectutes on surgery, handsomely engraved and
iftustrated with a profusion of woodents. Go to these if you would
have the history of surgery come alive: To the Collecfed Surgical
Papers of William Stewart Halsted, first Professor of Surgery at the



24 FUNDAMENTALS OF GENERAL SURGERY

styptics and recommended the use of the ligature—a method of hemo-
stasis at least as old as Avicenna. Marel introduced the principle of
the tourniquet into military medicine at the Sicge of Besangon (1674).
Lister described chromatization of catgut suture material (1876) and
produced ligatures that were little different from those of today.
The crude antecedents of the modem hemostat fade into the past; but
Kocher, Péan and Spencer Wells were using arterial forceps in the
latter half of the nineteenth century and devised hemostats, still in
use in modem surgeries, which survive under their names. William
Stewart Halsted borrowed and refined the surgical craftsmanship of
the best Contmental surgeons and developed a technology which
used fine hemostats and fine silk ligatures. He had this to say about
the contributions of the hemostat to modern surgery:

[Hemostats] determine methods and effect results impossible without

them. They tranquilize the operator. In a wound that is perfectly dry, and in
tissues never permitted to become even stained with blood, the operator, un-
perturbed, may work for hours without fatigue. The confidence gradually
acquired from masterfulness in controlling hemorrhage gives to the surgeon
the calm which is so essential for clear thinking and orderly procedure at the
operating table.
The essentials of Halstedian surgery, based on a fundamental knowl-
edge of wound healing, are known to modern-day surgeons as the
“Tenets of Halsted”; these are: (1) the gentle handling of tissues;
(2) the aseptic technic; (3) sharp anatomic dissection of tissues;
(4) careful hemostasis, using fine, nonirritating suture material in
minimal amounts, (5) the obliteration of dead space in the wound;
(6) avoidance of tension; and (7) the importance of rest. These tenets
are the basis of modern surgical craftsmanship,

Two mnotable contributions to hemostasis in neurosurgery were
made by Harvey Cushing in the use of silver clips (1911) and the per-
fection of the Bovie electrosurgical unit (1928).

The biochemical age has contributed its share, in most notable
fashion, to the control of hemorrhage. Chemical fractionation of the
components of plasma has led to the introduction of several local
hemostatic substances. The products of biochemical research are now
available to the surgeon. Purified fibrinogen (Fraction I) and throm-
bin, combined in the form of foams or films, have proved of value,
especially in neurosurgery. Demonstration of the prothrombin-vitamin
K relationship has important implications and practical applications in
every field of surgery. The biochemical hemostasis of blood clotting
has achieved equal importance with the ligature and hemostat, the
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hevitant progress §n biliary tract sgery until Graham and Cole intro-
dneed choleavtography (1921), etablishing a rational hasis for thic
type of surgery. To Frederich Treves and the problems of intedinal
obitruction. o the evciting monagtaphs on respiration, Hlomd preswire,
dinck, anoci-association and thamid diccase, filled with protocols, case
histories and question maths, of that prescient genius George Crile
of Cleveland. To the wecess story of two young Minncsota surgeons,
Will and Charles Mavo, who seized opportunity and founded a sorgi-
cal empire on the foundation of clinie group practice. To biogrphic
shetches and surpical writings of Bland-Suttan, cockney Napoleon of
nincteenth-century London. To the moving and cloquent prose of
Berkeley: Movnilan of Leeds, gifted and dedicated surgeon, whose
defections are Tost in the antiquity of time but whose true glory lives
an in the form of collected addresses and essays an surgical subjects,
To specialization in surgery: Harvey Cushing, Walter Dandy, C. H.
Frazier, and Sir Victor Homley in nenrosurgery; Howanl Kelly in
aneeology, Hugh Young in urology, Robert Jones and Arbuthnot
Lane in orthopedics. And to literally scores of others. To fragments of
the story in a thousand places. It is, indeed, quite impossible to state
all of the facts or to name all of the names.

Surgeon-historians of the present have tried to identify certain
characteristics of twenticth-century surgery, so as to distinguish it from
that of the nincteenth century. And, in so doing they have indicted the
past. During the “surgical phasc™ of the late ninetcenth century, if
at times surgery scemed to lose itsell and to advance ahead of the basic
knowledge required to guide and control it, this relative defection
was of understandable origin: the basic information was not yet to
be had from the biologic sciences in many an instance, and the new
surgical procedures seemed full of hope and promise for the insistent
problems of the sick It would scem unconscionably cold and biased
to indict nineteenth-century surgery by generalization and in the frame
of reference of another century.

It Das been the unique and proud contribution of surgeons in
every age to recognize the essential unity of medicine and surgery.
Throughout the history of medicine, “a most physicianly surgeon” has
stepped forward as spokesman for his generation to state the basic
fruths—that the patient, body and soul, is onc and indivisible and that,
in l]\e.lnst analysis, the patient must heal himself. The good surgeon of
the nineteenth century (as in all other centuries) did not lose his
understanding of the patient as a whole in what has been termed a
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revivified Johns Hopkins Umwversity School of Medicine, for original
reference and insight into the personality of the man who epitomized
the Zeitgeist of lus time and was influential in the beginnings of the
university tradition in surgery in America, To Kocher of Berne (illus-
trious predecessor of Halsted), who influenced world surgery by his
description of the borrowings and refinements of the basic technics,
available to the English-speaking world in the famous translation of
his opus on operative surgery by Sir Harold Stiles. To the life and

JOUN CRERAR LIBRARY

THEODOR BILLROTH
1829-1894

teachings of Theodor Billroth, father of visceral surgery and cancer
surgery, for the statement of the en bloc principle, fundamental
premise of all cancer operations, and to the story of the evolution
of the follow-up clinic, which, Billroth was aware, is the essential basis
of critical evaluation of the results of treatment. To the exciting story
of a joining of forces against the ill-defined “typhlitis” by Reginald
Fitz, Charles McBumey, and A. J. Ochsper, who accomplished the
initial victory over appendicitis. To the accomplishment of Halsted
and Bassini, pioneers who established the anatomic basis for the
so-called “radical cure” of heria and changed almost certain recur-
rence after herniotomy to predictable success. To a story of slow and



CHAPTER
2

Wound Healing and the

Carc of Wounds

The function of the surgeon s to extahlish end
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THE LOCAL reactions to injury and wound healing
are fundamental biologic phenomena which depend upon the ability
of the primordial cell to multiply and differentiate, and thus to replace
tissues which have become nonviable. In general, the more differen-
tiated a cell, the less is its ability to regenerate. Mesodermal cells show
greater regencrative powers than do ectodermal or entodermal cells.

The healing of a wound has been considered as a reactivation
of the nommal growth process. Except in degree, the reparative proe-)
ess is essentially the same, whether the wound is accidental or sur-
gical, clean or infected. The basic pattern of regeneration is similar, ' -
whether primary or sccondary healing occurs.

Under normal conditions, wound healing proceeds more rapidly
in actively growing individuals than in those who have ceased to grow.
Other than this, there are no known factors that will accelerate the
reparative process beyond the normal rate of clean wound healing,
There are, however, many factors which ean delay wound healing. In,
the interests of rapid healing, minimal scarring and early restoration of | .
function, it is imperative that the surgcon recognize and eliminate
all inhibiting factors, insofar as possible.

® Harvey, S. C.: The healing of wounds as a biologic pheno:
25:855, 1949, §i¢ phienomenan, Surgery
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“preoccupation with the local lesion” or the various technics of surgery.

The present builds upon the past, often without recognizing its
debt. It would seem only fair to indicate that the difference between
the new surgery and the old is no more than a matter of degree. As
major problems of operative surgery are conquered and the biologic
sciences accelerate, discovery is pyramided on discovery; and it is
natural to give more detailed consideration to the general aspects of
surgical disorders and to extend the experimental method to the solu-
tion of clinical problems. If there is a unique quality to twentieth-
century surgery, it is in the increasing effectiveness of surgical care
through fuller understanding of the implications of water-electrolyte
balance, the need for restoration or maintenance of effective circulating
blood volume, an understanding of the metabohe response to injury,
the control of infection by specific antibiotic therapy, the importance
of adequate oxygenation and safe anesthesia, the role of nutritional
support for the depleted patient and numerous other biologic concepts.
Advances of surgical biology have paralleled the continuing develop-
ment of an expert surgical craftsmanship. The sum total of these is
the essence of contemporary surgery.

The surgical trend of twentieth-century surgery, one can agree
with Churchill, is a trend that cultivates the discipline of mind that
is needed to complement and to guide an expert surgical craftsman-
ship. It establishes the surgeon as a biologist and as a physician in the
broad sense of one skilled in the healing art. It encourages him to
travel 1n company with others—the internist, the physiologist, the bio-
chemist—in a common quest for the answer to unsolved problems. It
is in no way inconsistent with the humanitarian objectives that are
treasured by responsible members of a great profession There is no
basis for conflict between the New Science and the Old Humanism.

To this day, it has ever been thus.
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ing a permanent approsimation of the wound edges, Gontraction
reaults in the obliteration of many vascular channels, and cventually
the wound scar becomes pate and fattened.

In summary, sound healing + a nonmal hinlogic manifestation
of growth which proceeds in two directions simultanconsly: the re-
moval of devitalized tissue, and the active regeneration of tsse. The
cellular activity of the reparative process fs chamcterized by ameboid
movement, mitotie division and maturation of cells that are actively
engaged in the fusion of tivares, The phenomenon of wound healing
may show many faults and imperfections, It is conditioned at the onset
by the type of tissue that is involved, and it may be compromised by
general and local factors shich impair healing,

Tyres or Wousn Heanng

The following description of the various ways in which a wound
may heal is of clinical value:

Healing by first intention is illustrated by the healing of a simple
suryical incision. It is the simplest type of wound healing. The repara-
tive process is plicated, and minimal scarring results.

Healing by sccond intention, the method of granulation, occurs
in the following instances: (@) when wound cdges arc widely sep-
arated; (b) on exposed tissues when there has been a considerable
Toss of tissue by trauma or infection, and (c) in the body cavities.

Healing by third intention or secondary suture involves the late
approximation of a granulating wound surface by sutures, usually after
the failure of primary suture. ) .

Delayed primary suture is to be contrasted with so-called “second-
ary closure.” The contaminated traumatic or surgical wound may he
left open three to ten days and then closed by suture.

Facrors Wiucn Deray Wouno HEaLing

The treatment of wounds requires vigorous care in regard to the
general condition of the patient. It also demands meticulous operative
technic. The general and local factors which delay wound healing do
5o by prolonging the time required for removal of nonviable tissue or
by preventing or retarding tissue regeneration, or both,

Ge~ERAL Facrons.—The process of wound }1ealing has priority
over many other body functions and usually proceeds, although at a
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Noraar Wounp HEaLING

The sequence of events in normal wound healing occurs in four
stages, although there is considerable overlap of the processes.

Srace or HemonrruacE.—~Immediately after injury there is forma-
tion of a coagulum which occupies the defect in the tissues resulting
from the trauma. The clot consists of a fibrin framework, in which are
enmeshed the varjous blood elements.

Stace or Hypeneama~This phase is characterized by a vascular
and cellular response, due to chemical substances in the tissue juice,
and possibly to oxygen lack. There is an increase in blood flow to the
area from marked arteriolar dilatation. Lymphatic flow is also acceler-
ated, and various blood elements and wandering cells invade the area
of traumatic inflammation. Phagocytosis of bacteria and enzymatic
digestion of devitalized tissues begin. There is exudation through the
capillary membrane in the zone of injury, but increased lymph flow
may remove much of the excess interstitial fluid. The lymphatic system
is the chief route for removal of phagocytosed bacteria, foreign bodies
and dead tissue. Large accumulations of such material may drain
externally as pus if the wound is open.

STAGE OF GRANULATION.—As early as the third day of wound
healing, vascular sprouts are present. The proliferation of capillaries
makes the wound red and exuberant, this is called granulation tissuc,
or “proud flesh.” Fibroblasts grow through and along the fibrin net-
work of the coagulum Before the appearance of fibroblasts, the wound
has no tensile strength other than that which is contributed by such
external means as sutures, splints and pressure. This interval in wound
healing, before fibroplasia and collagen formation occur, is called the
lag phase; in a clean wound, its duration is four to six days. The
tensile strength of the wound increases after this according to the
amount of fibroplasia and collagen formation but does not reach a
maximum for ten to fourteen days after injury. At this phase of the
reparative process, autolysis, the active removal of nonviable debris
and tissue regeneration proceed simultaneously

Stace or ContracTioN.~The surfaces of the wound are then
covered by the ameboid movement of epithelal cells from the wound
margins. The final stage of the healing process may continue for an
indefinite period—often for as long as a year. It is characterized by
contraction of the wound in length, width and depth, owing to the
maturation of cellular elements that have bridged the gap, thus effect-
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tight bandages, ete.), may readt in partial ar enmplete jechemia
with devitalization of tivnes, Severe anemia alo dowe wound
healing,

5. Forcign bodies in the wound increase evudation and delay the

repatative proceas, The foreign bdy may be a metallic frag-

ment or other debris, an eveenive amonnt of sture material, or
dead tisae, ay, for evample, from the e of 5 maw lizatore.

Desiceation of tiwnes from prolonged evpowse tn als rewlts in

devitalization of orllv and setandation of wound healing,

. Improper approvimation of tivue, unobliterated tivne spaces
and cdowre of tivues under tenson increase the lag phase of
wound healing,

8. Neoplastic tive does not heal well, chiefly beeatse local cire

culation is deficient,

2

Crasaricanion or Woursm

Clasified as to etiology, sounds are due to mechanical, chemical,
thermal (Fig. 1), bacterial or other trmuma, Listed according to type,
there is the abrson, the haceration, the contusion and the penetrating
injury, the wound puncture and the surgical incision. A clinical classi-
fication, which is most helpful in its therpeutic implications, follows:

Tur: Creax Wousn.—A wound made under aseptic conditions
(eg., the planned surgical incision through a clean field) in which
bacterial contamination should not occur.

Tur. CovtasunaTin Wousn.—An open traumatic wound that is
Tess than six or cight hours old may be considered to be contaminated;
however, the presence of bacterta in an otherwise clean wound does
not imply the presence of wound infection. The time interval repre-
sents the “lag period” of bacterial growth which precedes actual tissue
invasion by bacteria. A contaminated surgical wound is one in which
the mcision is made through tissues contaming pathogenic organisms,
Such is the case, for example, n all operations in the mouth.

The INvEcTED WoUND.—An infected wound is one in which bac-
terial growth is occurring. The criteria of wound infection are:
(a) local changes in the wound, necrosis or suppuration, cellulitis and
(D) systemuc toxicity as manifested by leukocytosis and clevation of
the b’ody temperature. Open traumatic wounds of more than eight
hours’ duration should generally be regarded as infected. A surgical in-
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slower rate, in the presence of severe illness and marked deficiency
states.

1. The age of the patient is a factor, and wound healing pro-
gresses more rapidly in the young than in the old.

2. The nutntional state of the patient, particularly with regard
to protein intake, is of the utmost importance. Serious protein
deficiency with hypoproteinemia and edema predisposes to pro-
Ionged and complicated wound healing.

3. Vitamin C is necessary for the formation of intercellular sub-
stance and the maturation of precollagen into the collagen of
connective tissue.

4. Vitamin K deficiency with hypoprothrombinemia and a bleeding

tendency may interfere with normal wound healing by the

formation of hematomas and serum collections. These in turn
predispose to wound separation and wound infections.

Deficiencies of vitamins A, D, C, thiamine, riboflavin and

pantothenic acid lower the rate of phagocytosis and bacterial

digestion, thus predisposing to local wound infection.

Fluid and electrolyte balance is necessary for optimum wound

healing. Dehydration may be associated with prolongation of

the lag phase of wound healing. Wounds also heal poorly in
the presence of a water-salt overload and edema.

@

=

Locar Facrors.—Factors which affect the local conditions in the
wound and delay healing include the following:

1. Bacterial infection, either invasive or noninvasive, interferes
with the healing process.

2 Devitalized tissue from mechanical or chemical trauma in-
creases the autocatalytic phase of wound healing and also
provides a rich pablum for bacterial growth. Antiseptic agents
exert no beneficial effect on wound healing, and most anti-
septics have more deleterious effects on tissues than on bacteria
Hematomas and serum collections prolong the lag phase of
wound healing and provide an excellent nutrient media for
bacterial growth.

An inadequate local blood supply from any cause, including ex-
cessive pressure in or on the wound (tissue tension from serum
collections, hematomas or edema, wound closure with tension,

w

~
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[

. Shaving the hair and carefolly washing the skin over the
aperative site and wrrounding area hould be done, i posible,
several hours before, or the night before, the operation, Liberal
amounts of detergent soap (hesaclorophene type) andd swater
should be wsed, A filn of soap should remain on the skin to
effect prolonged bacteriostasis.

Washing with detergent soap and water should be repeated
immediately before phase 3.

An antiseptic solution should be “painted” on the operative
field and allowed to dryv. The local preparation is then complete,

Several satisfactory antiseptic solutions are available. Cer-
tain quarternary ammoninm mmpmmds ((‘.g,. 7,4-ph|'mn )
currently are widely used for skin prepantion.

During the time the wound is open, the skin margins must he
excluded from the wound in order to prevent introduction of any
surface bacteria which may remain after shin preparation. Great care
must be evercised to prevent drying of tissue, injury from eveessive
retraction and undne compression or chemical or thenmal irritation,
The tissues shonld be divided with sharp instruments, and hemostasis
must be meticulous. The wound should contain no free or clotted
blood, devitalized tissue or excessive amounts of foreign material
(e.g., ligatures) at the time of closure. Wound cleansing is usually
accomplished by irrigation with Jargze amounts of isotonic salt solution.

The wound is closed by approximating like tissues with sutures.
There must be no undue tissue tension: yet all dead spaces mnst be
obliterated, This may require sutures at several levels in the wound,
depending on the depth of the wound. All ligatures and sutures should
be cut close to the knot, and no excess tissue shonld be allowed to
remain beyond the knot. Simple interrupted sutures and ligatures
tied in a square knot are adequate for most purposcs, Because there
is some tendency for all knots to slip slightly, when maximum security
of the knot is desired, three knots, all tied square, are used. Transfivion
ligatures (ligatures anchored by sutures) are recommended for the clo-
sure of most larger vess?k In general, the finest caliber and the least
amount of suture material necessary should be used. Thus, the tensile
strength of the suture material should not greatly exceed the tensile
strength of the tissues in which the sutures are placed.

Two basic types of matenal are E i
absorbable and ignabsorbnble. wsed a5 sutures and figatures~
Absorbable (plain and chromic Cﬂlgut)A—Calgut is manufactured

2
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cision which traverses or extends into a zone of infection must also be
classified under this heading.

ManNAGEMENT oF CLEAN WOUNDS

The best example of a clean wound is that produced by surgical
incision through healthy tissues under aseptic conditions, Nearly all
other wounds can be considered contaminated or infected.

Surgical incisions should be planned so that they will give ade-

[ U———

Frc 1 -Inpury due to cold {freezing). Nate extensive destruction of skin with
bullae formation Toes became and were d after d
occurred

quate exposure, will not traverse important structures (e g., nerves
and blood vessels), can be closed without difficulty, will be likely to
heal without complications and will give the best possible anatomic,
functional and cosmetic results.

Before the incision is made, the skin should be treated to mmimize
or eliminate surface bacteria, mn order to decrease the possibility of
wound contamination and infection.

The skin preparation should be accomplished 1n three phases:
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Mavacusment o e Coxvasuxatin Wouso

The principal aim in the treatment of the open and contaminated
wound s to convert it into a clean closed wound. A faultless, meticn-
lous, aseptic technic is required (Fig. 2). A practical, detailed plan
of procedure follows:

1. Place a sterile ganze pad over the wound, shave the surround-
ing, skin, then clean to the edges of the wound with a detergent
soap and water. Antiseptic solutions may be used on the apera-
tive field, but none shonld be allowed to enter the wound.

. Surround and isolate the area with sterile drapes.

. Remove the dressing which covers the wound and prepare
the wound for surgical débridement by gentle irrigation with
Jarge volumes of warm isotonic saline solution. The more
jageed and irregular the wound, the more painstaking and pro-
longed the cleansing should be.

. Do the necessary débridement, removing devitalized and ragged
skin edges by sharp dissection (Fig. 3). Nonviable, heavily con-
taminated and “sure to die” tissue must be excised, Devitalized
tissue is usually discolored, does not bleed, and, if muscle, fails
to contract on stimulation,

. Expose every recess of the wound by gentle retraction and care-

fully irrigate it again.

Remove the water-saturated drapes, change surgical gloves,

place a sterile gauze pad over the wound and prepare the opera-

tive field again.

. Redrape the arca.

Ligate bleeding vessels and eut the ties close to the knots. Con-
trol capillasy and venous oozing by gentle pressure with moist
sponges.

The method of wound closure or covering must depend on the

Jocal situation. Several alternatives are available:

1. The wound may be closed by suture without drainage (Fig. 4),
using fine, interrupted absorbable or nonabsorbable suturcs ac-
cording to the preference of the operator.

2. Prrmary closure may be done over a small rubber drain placed

into the depths of the wound and brought out through the
wound margin.

3. The wound may be packed loosely with petrolatum-impreg-
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from the submucosal layer of sheep’s intestine. Chromic catgut is
catgut which has been treated with chromic acid to increase its re-
sistance to the lytic action of cells and body fluids. All catgut produces
a local inflammatory reaction in tissues, and is ultimately digested
and absorbed Both plain and chromic catgut are available in a variety
of sizes and tensile strengths. The sizes most often used in general
surgery are: Nos 3-0 (three zero), 2-0 and 1-0.

Nonabsorbable (silk, cotton, Nylon, linen, stainless-steel wire and
tantalum wire).—These substances are not dissolved; they remain in
the deep tissues permanently. They evoke only a slight inflammatory
response, but in the presence of infection they may cause prolonged
wound drainage until they are extruded or removed. Silk, cotton and
stainless-steel wire are most commonly used. Nonabsorbable materials
are also available in a wide range of sizes and tensile strengths. For
most operations, silk or cotton Nos. 4-0, 3-0 and 2-0 are used. No. 2-0
is larger and stronger than No. 4-0. Wire sutures are more difficult to
handle than the soft materials but have the advantages of less tissue
reaction and greater tensile strength.

The choice of suture material depends on the character of the
wound and, to some degree, the preference of the operator. Nonabsorb-
able materials can be used in clean surgical wounds; either absorbable
or nonabsorbable materials may be used in contaminated wounds;
and, in general, absorbable materials only should be used in infected
wounds. As a rule, when the likelihood of wound infection exists,
absorbable materials should be used. An important exception to this
rule pertains to the closure of certain contaminated or infected in-
cisions with stainless-steel wire because the rapid loss of tensile
strength of catgut in the presence of any exudate would make late
separation of such a wound a distinct possibility. For example, wire
sutures would be preferred when reoperation is undertaken through 2
recent infected abdominal incision.

The skin margins of the wound are closed with removable sutures,
usually of the nonabsorbable type. Simple interrupted sutures, placed
close together and tied without tension, give best results. Skin sutures
are usually removed on the seventh or eighth postoperative day,
except in face or neck wounds, in which case they are removed
earlier. In the latter locations, rapid wound healing is the rule and
the final appearance of the wound is important, hence, early removal
of skin sutures (three to five days) is advisable,



Fic 2 (cont.).—G, area redraped with stertle towels. Gloses should be changed.
1, wound closure in layers with fine suture material. I, cdosure of Iike structures
without tension. J, external appearance of wound after closure. K, sterile dressing
apphed L, slight compression to wound with a crrcular elastic bandage. M, patient
placed at best rest with leg elevated
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Fi1c 2 —Steps m local treatment of a traumatic wound of short duration Aseptic
conditions throughout A, appearance of wound. deep, irregular, gapmg and con-
tammated with bactena. B, wound covered with stenle gauze. Surrounding area of
skin cleansed and prepared with antiseptic solution Stenle towels apphed to wound
margms C, wound trimming (débridement), usually in conjunction with wound
irngation D, wound rrrigation, using coptous amounts of isotomc saline solution at

body Simul suct 1s helpful E, final wngation,
preparatory to wound closure F, apy of wound at c )! of ck i
trimming

nated gauze or similar material and sutured at a later date
(delayed primary closure).

4. If the wound is one in which there is loss of tissue, a skin
dressing in the form of a sphit-thickness skin graft may be used
to close the wound

If the wound is traumatic in origin, 1s grossly contamnated or is

of several hours’ duration, consider carefully the added risk of infection
from primary wound closure. Such a procedure nvites aerobic and
anaerobic infection. While the antibiotics may to some degree make
infection less likely and cover certain deficiencies in treatment, they do
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not lessen the need for sound clinfeal judgment and the application of
fundamental principles 1o the management of wounds.

Can: or Tae: Inveeten Wotsn
The principles of treatment af infected wounds nre:

Localization of the infection

Drainage of the infection when localized, {f neceamny
Stenlization of the infected area

Covering of the wound surface

Early restoration of function

Some practical points in the application of these principles are:

. In order to avoid tension, to aid in the Jocalization of infection
and to promote dminage, do not close or “plug” an infected
wound, Physiologic rest of the affected part aids in localizing
the infection,

. Dependent drainage of wound exudate should be provided, if
possible, remembering that pus, like water, will not run uphill,
Elevation of the part will aid venous and lymphatic fow, mini-
mize edema and relieve pain that is caused by swelling.

. Heat in the form of warm, wet packs promotes an increased
blood flow to the local area and facilitates drainage of exndates.
Moist heat can be maintained for long periods of time by adding
sterile, warm, isotonic saline solution to the packs every three
to four hours. It is advisable to alternate dry heat and warm
packs 50 as to avoid maceration of tissues,

Approximately isotonic saline solution can be prepared by
adding 2 teaspoonfuls of table salt to a quart of water.

. Cold applications cause peripheral vasoconstriction with di-
minution in blood flow to the local area, a decrease in tissue
metabolism and bacterial growth and relief of pain. The use of
cold is indicated in certain instances:

a) Very carly in the course of an inflammatory process, during
the stage of hyperemia, as in the carly treatment of a
sprained ankle, “black eye,” ete.

b) In the treatment of a cellulitis of the neck ( eg., Ludwig’s
angina), when danger of airway obstruction is imminent
and heat may increase the local swelling.

¢} Refrigeration thcmpy is sometimes used in patients with
arterial insufficiency with pregangrenous or gangrenous

—
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for lacerations of the face (From Huffman, W C, and Lierle, D M.: Treatment of
facial lacerations, J Jowa M. Soc 42.141, April, 1932}
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Fic. 4 —Principle of wound closure in layers. Diagram depicts full-thickness
laceration of the cheek and sutures i four layers of tissue Beginning at the bottom,
the mucosa 15 held by sutures, the fascial layer 15 sutured to obliterate the “dead
space” and provide strength to the closure, the dermis 1s sutured to prevent tension
on the skin margns, and the eptdermis 1s accurately closed to give mimimal visible
scarnng.
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ing af the nature of the infections process and a knowledge of surgical

m;nlnmy and the paths of posible extension from the area invalved

are basic to the intelligent use of surgtical drainage,
The following principles shonld be observed:

1. Do no harm when edablishing surgical drainage,

2, Do not devitalize tivsues and impair the blood spply of in-

flamed tissues by infiltrting them with procaine solution or

spraying them with a freezing anesthetic (e, ethyl chloride).

Regional anesthesia for infections of the extremitios is often

satisfactory, but general anesthesia is wsually prcfvmh!«-.

The aseptic teehnic is mandatory. Prepare the operative field in

the manner previonsly deseribed,

. Good lighting and adequate exposure are necessary. A tourni-
quet will aid in sceuring a bloodless field if the abseess involves
an extremity. A blood-pressure cuff inflated above the level
of systolic blood pressure is a satisfactory toumiquet. The
dangers related to the use of touriquets, inchuding nerve and
vessel injury, should be kept in mind,

5. Do not damage tissues by blunt dissection, foreeful retraction

or the wse of crushing forceps. Use sharp and fine instruments.

6. Make the incision large enough to provide dminage. It should

remain open until the infection subsides, It is a common error
to make the first incision too small and then to hasve to subject
the patient to subsequent drainage operations.

. Place the incision through the most dircet route possible and
preferably in a dependent location, so that gravity will aid

drainage of the exudate.

Keep the ineision within the zone of reaction; aveid cutting

into nomnfected areas Do not damage important structures.

Soft, rubber-dam material or petrolatum-impregnated ganze

can be used to keep the wound edges apart. A drain is useful

only as long as it is necessary for the escape of exudate; when
it no longer serves this purpose, it is only a foreign body in
the wound and, therefore, harmful. Usually a drain may be re-
moved after twenty-four to forty-eight hours. Once the drain
is removed, it should not be replaced. Do not use through-and-
through dramage. Do not place drains in contact with tendons

or other structures with a precarious blood supply. They may
cause pPressure NeCrosis. ) d

o

[

©

10. Maintain “clean surgical care” through the course of treat-
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changes of the leg. Cooling, rather than actual freezing, is
utilized unless the extremity is soon to be amputated. Cool-
mg of an infected gangrenous extremity in preparation for
amputation will reduce systemic toxicity from infection and
gwve relief from the ischemic pain of arterial insufficiency.
In patients with severe diabetic acidosis and gangrene, tem-
porary refrigeration of the extremity may be lifesaving.

Flannel-covered ice bags applied to an extremity often
provide satisfactory cooling. The use of a tourniquet is
generally unnecessary and undesirable. If the cxtremity is
obviously gangrenous or otherwise not salvageable, it may
be packed in ice to a level several inches below the site
of proposed amputation,

5. The wound dressing should be changed as often as indicated.
Instrument dressing changes by masked personnel will reduce
the incidence of cross bacterial contamination. Remove nécrotic
tissue from the wound by excision, and remove exudate by irri-
gation Do not allow pus to pool in the wound.

6. The more severe the infection, the more caution should be
exercised in operating to establish surgical drainage. It is a good
clinical rule to make certain that localization of the acute,
spreading infection has occurred—then wait a little Jonger.

. Four specific types of acute, spreading infection demand non-
operative treatment because of the danger of producing exten-
sion of the infection by ill-considered surgical incisions:

a) Acute lymphangtis and acute cellulitis

b) Acute thrombophlebitis

¢) Acute infections about the tecth

d) TInfections in the so-called “dangerous area” of the face

-

PRINCIPLES OF SURGICAL DDRAINAGE

Surgical drainage becomes necessary if there is a localized collec-
tion of pus, or increasing tissue tension threatens to destroy important
structures. The signs of localization are (1) “pointing” of the infection,
(2) fluctuation and (3) localized pain and tenderness. An understand-

® The “dangerous area” of the tace is a triangular zone bounded by the bridge
of the nose and the corners of the mouth Infections of this area may extend via the
angular veins to the cavernous sinus, d the serious lication of cavernous
sinus thrombosis.
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frequently infection are the evpected sequelac of indoe tissue tension,
9. The principle of immobilization and rest must be constantly
re-cmphasized in the treatment of softtissie wonnds, ax it ds in
fractures.
10. The question of closure of wounds of more than eight houry’

ee: CUAN CONTAMINATED INFICTED
Wound Promet evest lotol wound tore, Wousd tigoming
teanting Betrdemey, imig 3t on, MmOt 3, 00 L5e0t318 2rainnge
| hemertess Fo pet cicte &g
auture
|
| ¥ esrly and ¥ Are o0 oberwite
\ Tavoretie for unfororutie (gt
reoling by frnt 49, ncenat foetviion
¥ inferton deviahized bituss,
\ wnpeired ertulaton, o)
TREATMENT
i
| immediote Immedicte Carayed {recondaey) Heslng ty grondaon
| {prmary ) tprimary) cioture Inglud ng gha o Seiayed Srecondary)
closure clorure groft, or aHcw 1 hest ciergre, Skin gratt
| Shngrott ty grasulaten it necersary
[ o pecessory
| \ /
1 Potuitie supenalecion,
) scarnng, deformity,
confrocture, impaired
| circutotion Chrame in-
fecton, slow or onrested
[N epdhelizotion

RESULT:  Best Good fair Pocrest
Fic. 5 —Classification of traumatic wounds inte categones and correlation with
imohes leration of many factors, including the manner in which
the wound was luced and the ¢ ling its Juction, the
elapsed time between the injury and defiitive treatment, and local conditions in
the wound. In addition, the condition of the patient must be considered in the thera-
peutic approach. ’

duration must be answered on the basis of local conditions in the
wound. Under conditions favorable: for bacterial growth, invasive
infections can develop during this short interval. It is believed that
the use of antibjotics will permit some extension of this time with
respect to primary wound closure, but the prineiples upon which treat-
ment must be based are the same, regardless of the use of these drugs

11. There has been a noticeable general tendency toward I:mgt):
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ment of the infection. Avoid superinfection and reinfection by
attention to the details of aseptic technic.

11. During the acute phase, keep the affected part at rest. When
dealing with hand infections, maintain the hand in the so-called
position of function.

The position of function for the hand (Fig. 23, p. 155)
is with the wrist dorsiflexed at 45 degrees, the fingers held
slightly flexed at all joints, the fingers slightly abducted. The
thumb is abducted from the hand and rotated forward, so that
1ts volar surface faces the palm.

12. When the acute inflammatory process has subsided and the
mfection is under control, institute measures necessary for
prompt coverage of the defect (skin grafting may be required )
and early restoration of function.

SummARy oF SoME PriNcipLES OF WoOUND TREATMENT

1 Wound healing is a biologic process incited by tissue injury
and directed toward the re-establishment of tissue continuity and
restoration of function.

2 In wound treatment the primary objective of the surgeon is to
establish and mantain those conditions which are essential for rapid
and complete healing (Fig. 5).

3. In general, the greater the extent of tissue injury, the greater the
delay in wound healing (lytic or lag phase).

4. Likewise, the greater the delay in wound healing, the greater
will be the residual imperfections in tissue structure and function.

5. A good blood supply to the tissues in the wound is all-important
for healing. Every effort must be made to maintain adequate fluid
interchange in the arterial, venous, lymphatic and intercellular com-
ponents of the circulation.

6 Edema always exerts a deleterious effect on healing. It may be
minimized or prevented by proper immobulization, rest, elevation and,
in some instances, physiologic degrees of external compression,

7. Foreign bodies (ncluding blood clots, dead tissue, bacteria,
debris, sutures, metallic objects) in the wound contribute to increased
reaction and delayed healing. Every effort must be made to minimize
these deleterious influences.

8. Healing tissues do not tolerate unusual degrees of internal or
external tension. Vascular impairment, edema, ischemia, necrosis and
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A compensating continnons regeneration in the stratim genminativiem
keeps pace with this process. In general, epithelial eells have a great
capacity for regeneration, which oceuns by mitatie division and wne-
boid movement, Defects are covered by the ameboid mosement of the
cells bordering the defeet, as well as by new cells and contrction of the
wonnd. A thin continuous sheet of epithelivm is s extended over the
defect, Regeneration may also acenr by metaplasia of cells of aceessory
shin structures, such as hair follicles and sweat and sebaceons glands,
As compared to many otlier tivaes, epithelial regeneration tends to be
more rapid.

Mucors Mestmane—~The semarks already made in connection
with the epithelinm of the skin also pertain to mucous menbrane. The
columnar cpithelium of the stomach and intestine regenerates from
undifferentiated epithelium located in the base of the gastric foveolae
or, in the case of the small bowel, in the erypts of Licherkithn, Mucous
membrane regeneration tends to be rapid and differentiation eveellent.

Mesornetaune—The scrous cavities are lined with a thin, pave-
ment-like Tayer of flattened cells which in some places appears strati-
fied. Superficially, these cells resemble squamous epithelial eells. Fol
Jowing injury, multifocal transformation of evposed connective tissue
cells results in rapid regeneration of the mesothelial surface. Regenera-
tion does not occur from the margins of the defeet, as in an epithelial
surface. Mesothelial regencration is generally rapid and complete.

Muscre.~It is possible that smooth-muscle regeneration oceurs in
the uterus during pregnancy from connective-tissue cells of the myo-
metrium, while smooth-muscle cells in the adult retain the ability to
divide by mitosis to a limited degree. Smooth-muscle defects generally
heal by the formation of scar tissue,

The capacity of striated muscle to form functioning muscle fibers
is shght. Abortive attempts at regencration give rise to bizarre giant
cells which may be mistaken for tumor cells. Defects in striated muscle
are replaced by a fibrous tissue.

The regenerative capacity of cardiae musele is even less than that
of skeletal muscle.

Coxzrerive Tissur.~At the danger of oversimplification, it may
be stated that connective tissue has great capacity for regeneration.
Depending on the density and specialized function of the tissue, heal-
ing may be rapid or slow. Highly specialized connective tissues heal
by scar or by regeneration in whole or in part of the antecedent strue-
tures. The fibroblast is the parent cell of all connective-tissue repair.
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i wound handling and a decreased awareness of the importance of
the aseptic techme since the antibiotics have become available. This is
an mexcusable attitude, and the student is urged to develop an “aseptic
conscience.”

12. Wounds of the head and face require special care. The exeep-
tionally good local blood supply n these areas is usually conducive to
primary healing All efforts should be directed toward achieving the
least possible scarrmg and deformity,

13 Multiple injuries are common. Consider and examine the
whole patient Do nat he trapped into the error of believing that the
single obvious injury is necessarily the most important.

14 Treatment of injuries must be carried out under proper con-
ditions, and, except for those of minor cxtent, this can be achieved
only in a well-equipped hospital

15. The followmg detatls of wound treatment are basic: aseptic
conditions, proper shin preparation, carcful débridement and trim-
mung, rigation of the wound with large amounts of saline solution,
removal of foreign bodies and debris, carcful hemostasis, layer closure,
using fine nonirritating sutures, and avoidance of tissue tension

16 Shock and hemorrhage have priority in treatment. Antibiotics
and prophylactic inoculations should be administered early and in
adequate dosage. Rest, immobilization and elevation are important
postoperative considerations.

17. Remember that restoration of function is the ultimate objective.
Rehabilitative measures, including exercises and ph_vsiolhempy, should
be instituted as soon as they will do no harm.

Heauing oF SpeciaL Tissues

Sxix.~The capacity (ie, ability) for cellular regeneration, the
rate of regeneration and the type or means by which repair is attained
are of day-to-day interest, These factors have much to do with the
“liberties” swhich may be taken with tissues in terms of surgical
technic or end results. In the complex mixtures of tissues of an individ-
ual organ, the ability to regenerate varies according to the tissues. In
the skin, for instance, repair of the epithelium is different from that
of the underlying connective tissue.

Eputhelial structures are in a constant state of shedding, degenera-
tion and regeneration. This is true of the epidermis, where the super-
ficial cells are continually undergoing comification and desquamation
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A compemating continnons regeneration in the dratum gesminativiam
keeps pace with this process. In general, epithelial colls e a great
capacity for regeneration, which accurs by mitatic division and ame-
Doid movement, Defects are covered Dy the amebaid mosement of the
cells bordering the defect, as well as by new cells and contraction of the
wound. A thin continuons sheet of epithelinm is thus extended over the
defect. Hegenertion may alwo occur by metaplisia of cells of accessory
skin structures, such as liair follicles and sweat and sebaccous glands.
As compared to many other tissues, cpithelial regeneration tends to b
more rapid.

Muecors Mesumant~The remarks already made in connection
with the epithelinm of the shin also pestain to mucous membrane, The
columnar cpithelium of the stomach and intestine regenerates from
undifferentiated epithelivm located in the base of the gastric fovealae
or, in the case of the small bowel, in the erypts of Livherkithn, Mucous
membrane regeneration tends to be rpid and differentiation eveellent.

Misornrtavae—The serous cavities are lined with a thin, pave-
ment-like Layer of flattened cells which in some places appears strati-
fied. Superficially, these cells resemble squamons epithelial eells, Fol-
Jowing injury, multifocal transformation of exposed connective tissue
cells results in rapid regeneration of the mesathelial surface. Regeneras
tion does not occur from the margins of the defect, as in an epithelial
surface. Mesothelial regeneration is generally rapid and complete.

Muscre.—It is possible that smooth-muscle regeneration oceurs in
the uterus during pregnancy from connective-tissue cells of the myo-
metrium, while smooth-muscle cells in the adult retain the ahility to
divide by mitosis to a limited degrce. Smootlh-muscle defects gcnor':\ll"
eal by the formation of sear tissue. :

The capacity of striated muscle to form functioning muscle fibers
is slight. Abortive attempts at regencration give rise to bizarre giant
cells which may be mistaken for tumor cells. Defects in striated muscle
are replaced by a fibrous tissue.

The regencrative capacity of cardiac muscle is even less than that
of skeletal muscle.

Coxnecrive Tissur.—At the danger of oversimplification, it may
be stated that connective tissue has great capacity for regeneration.
Dependimg on the density and specialized function of the tissue, heal-
ing may he rapid or slow. Highly specialized connective tissues heal
by scar or by regeneration in whole or in part of the antecedent struc-

tures. The fibroblast is the parent cell of all connective-tissue repair,
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A severed tendon may fail to heal because of separation of the
cut ends. The tendon receives a precarious blood supply through a
specialized mesentery-like vascular connection known as the “meso-
tendon.” If the tendon ends are held in close apposition during heal-
ing (Fig. 6) and the blood supply is not seriously compromised, the
two cut ends may be united first by a fibrin clot, then by granulation
tissue and finally by scar tissue. If healing occurs with minimal scar-
ring, function may be restored. If, however, a gap exists between the
severed ends and scar-tissue formation is excessive, or muscle pull
causes stretching of the scar, a functionless tendon may result.

Fic. 6 —Prinaiples of tendon suture Accurate union of the divided tendon ends
with nonabsorbable {silk, cotton, wire, etc.) material. Note that the suture knots
must not come between the apposed ends of the divided tendon. Left and center,
lr:\ethodsdof anchoring the tendon ends Right, apposttion of ends after sutures have

een tied,

The dermis also heals by scar. If the healed dermis is subjected to
the original mechanical stresses and strains and if injury has not been
excessive, the collagen bundles may be reoriented in such manner as
to functionally ymtate the dermis which existed before the injury. This
type of restoration in response to functional stimulation is a character-
istic of connective-tissue healing, and the same process of adaptation is
seen in the healing of fractures.

Adipose tissue is a form of modified connective tissue in which the
cells store neutral fats. Fat cclls develop by metaplasia from primitive
connective tissue cells Dedifferentiation back to pure connective-
tissue cells is possible upon release of the stored fat. Regeneration of
the adipose tissue is possible in the sense that additional adipose-tissue
cells are formed at the site of an initial or original deposit of fat after
an injury, However, wounds across adipose tissue heal by scar.
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Nenvi—Neurons, once destroyed, are not replaced; but nerve
fibers have a striking capacity for regencration. This i in contrast to
the very limited regeneration of nerve cells and their processes within
the brain and spinal cord. .

Peripheral nerve injurics tmay be gronped according to Seddon’s
classification. (It should be pointed out that transitions hetween these
categories exist.)

Grade I {neurapraxia) : tempogary injury with rapid recovery

Grade 1 (axonotmests): destructive injury of axons but not of the sup-

porting matrix. Axans regenerate Wath good functional reeovery,

Grade IH (neurotmesis): destruction of all parts of the nenve. There ds

nittle ikelthood of functional retum unless anatomic restoration of
the cut ends is established.

In Grade 1 nerve injury, there is no avonal degeneration but there
may be slight myelin degeneration, Contusion, especially to heavily
myelinated nerves conveying motor and deep sensation, is the conunon
cause. Spontancous recovery oceurs mapidly in a few days or weeks.

In Grade 11 injury, there is a local disruption and destruction of
the nerve fibers (anis evlinder and myelin). The continnity of the
nerve is preserved and the endoneurial and Schwann eell sheaths are
not destroyed or disrupted. Degenerative changes oceur in the avon and
myelin sheath distal to the injury. Variable degrees of degeneration
also appear proximal to the nerve injury. Generally, the farther the
injury is along the course of the nerve fiber, the less will be the
extent of provimal degencration. When the injury to the nerve fiber
occurs close to the cell body, the cell may die. After a Grade I injury,
there is a latent period of about three weeks before the proximal stump
of the axon begins to grow down the sheath. During the latent period,
there is proliferation of Schwann cells along the extent of the disintegrat-
ing axon and myelin sheath. Phagocytosis of the degenerated sheath
clements occurs. The regencrating axons now grow down through a
tube of proliferating Schwann cells. Remyelinization precedes fune-
tional recavery. In myelinated nerve fibers the regenerating growing
tip is at first unmyelinated.

Recovery proceeds at a fairly well-determined rate. The old rule
of growth of “1 mm. a day” applics to the rate of regeneration of the
avon, and the rate is probably slower than evidence of functional
recovery would indicate.

In Grade III injuries, there is complete disruption of the nerve
fiber, the supporting connective tissue and the Schwann cells. After
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such injuries, spontaneous functional recovery cannot be anticipated.
Schwann cells grow out of the proximal stump in the first weeks
following, injury The regencrating axons also grow out in a helter-
skelter manner. Ultimately a snarl of nerve fibers, Schwann cells and
scar known as an “amputation neuroma” is produced.

If the divided nerve ends are accurately umted (see Fig. 7,
vanable degrees of functional recovery will follow. Surgical approi-
mation cannot insure against misalignment and misdirection of the
regenerating fibers. Some fibers may go astray: thus, motor nerve fibers
may enter sensory nerves, or motor nerve fibers from one source may

F1c 7.—Prnciples of nene suture. Accurate union of dwided nerve ends with-
out tension, using fine nonabsorbable material which does not pass through the
nenve but incorporates only the nerve sheath. Left and center, methods of anchoring
the nerve ends Right, apposttion of ends after sutures have been tied

go into other nerves to new muscles The gap in the nerve is bridged
by proliferating Schwann cells and followed by the regenemting
axonal processes after a latent period, said to be about seven weeks
in man There is a variable amount of branching of axon fibers at the
site of nerve injury, which gives rise to more fibers in the distal than
the proximal segment of the nerve.

Regeneration of sympathetic nerves js in a different category of
potentiality. Preganglionic myelinated fibers may regenerate to an
amazing degree and bridge etensive gaps in re-establishing continuity
with their ganglia.

CantiAGE.—~Regeneration of hyalin cartilage in the adult does not
oceur. The defect is filled with scar tissue, which undergoes a limited
metaplasia resulting in the formation of some new abortive cartilage.
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The new cartilage iy wsnally imperfect, and there dca well-defined
residoal defect, The sepair of catilaginons defects fs generally daw.

Bost.~Bone is o \pt'ci.liirrd comective tivae comisting of 2
peenliar matrix which takes up inonanic aalts, When fractuge ocours,
there is dismption of the bone and, to wme degree, the perindtenm
and endostenm, A hematama whiclo undergoes organization s forned,
and then granulation tissue brings in with it the smnltipatential ele-
ments capable of new bane formation, This process i speoded by rapid
prolfemtion of specialized asteoblastic cells which are particolarly
rich in the mner or cambium Lwver of the periosteum. The complex
mass of precursor tissues seen in about ten days at the site of the
fracture liematoma is known as “callus.” Tt consists of proliferating fm-
mature cartilage and primitive osteoid tissue: side by side, the trans-
formation proceeds direetly or indirectly to bone production. In the
indircet methed of bone regenermtion, cartilage is replaced by osteoid
tivne and finally by hone, As osteaid tissue takes up the comples
mineral salts, immature bone trabeculae are prduced and more and
more rigidity of fisation takes place. The immature trabeculse are
torn down and replaced, not onee but many times: and as caeh re-
placement is acmmpli‘hvd, the stricture hecomes more mmp](-x, more
compact, and sonnder from a mechanical standpoint, until finally adult
lamellar hone is produced. The bulky callus slowly diminishes in size,
s0 that by the time healing is complete it can hardly be distinguished
from the normal bone.

The role of mechanical forces in the stimulation of fracture heal-
ing is not fully understood. Perhaps some mavement is desisable;
m fact, it is difficult to attain absolute immobilily at a fcture site.
There is some difference of opinion with respect to the degree of
immobnlization which is desirable from a theoretical standpoint,

TraxspLasTaTiox or Tissurs.—The transplantation of tissues pre-
sents an ever increasing field of activity in modern surgery. The trans-
plantation of tissues from one site to another in the same individual
is the form in which it is ordinarily practiced. Such transplants arc
known as isografts or autografts and do not present a serious biologic
problem Likewise, cross-transplantation from onc identical twin to
the other does not appear to be biologically difficult. But when trans-
plants are made between individuals of the same species (homografts),
a barrier is met which presents serious obstacles to success. Such
transplants may be well tolerated for a time but then evoke a rejection
response on the part of the host which results either in necrosis of
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the graft or its cjection as an umvelcome foreign body. This phenom-
enon has many of the characteristics of an antibody-antigen reaction.
Successive transplants from the same donor to the same host result
in acceleration of the rejection response. For esample, when homo-
grafts of skin are used, the first transplant may survive for as long as
two months, the second for only three wecks, and the third may not
“take” at all.

In the past decade there has been a great revival of interest in
transplantation of vessels, bone and even of whole organs. Vessel
and bone homografts are successfully used as temporary stents or
splints which are ultimately absorbed or replaced by the host tissues.

Zoografting, that is, transfer of tissues between species, is of little
practical importance.

Skin grafts are extensively employed to cover cutaneous defects.
They may be of “split thickness,” including the epidermis and a portion
of the dermis, or of “whole thickness,” including all of the dermis and
epidermis, In general, the thinner the skin transplant, the greater are its
chances for survival; but the thicker the transplant, the better the
functional and cosmetic result will be.

When a skin transplant is placed on a recipient bed, which may
be either granulation tissue or raw (nonepithelial) tissue, it is at first
not attached to the underlymg surface. Then fibrin, which is deposi!ed
between the bed and the transplant, binds the surfaces by conglu-
tination. Maximal conglutination 1s usually attained in about seven
hours Until the graft 1s anchored by ingrowing blood vessels and
collagen strands (as a result of fibroblastic proliferation), it is in the
parasitic phase of transplant existence. In skin, this is usually about
forty-eight hours.

Capillaries from the recipient bed invade the transplant, and ulti-
mately 1t becomes revascularized. Much of the capillary ingrowth is
willy-mlly and appears purposeless. Some of the new vessels grow into
old vessels and some rupture into venules, filling them with poorly oxy-
genated blood. This may give the transplant a cyanotic appearance.

Fibroblastic proliferation continues apace with capillary ingrowth,
and collagen fibers soon appear. Likewise, some migratory fived-tissue
wandering cells cross the interphase and appear m the graft.

As revascularization proceeds, necrosis of the transplant not en
masse, but in sequential order, occurs and can be seen microscopically.
First there is necrosis of the epidermis, extending from the outer to
the deeper portions. The lingering necrosis of the dermis is slower
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in developing, Av neemsds proceeds, proliferation of new ells from
the tramsplant’s cells that were last to die oceurs. In the epidennic
this occurs in the germinal layer. The simultancons death and replace-
ment of cells goes on more mpidly, but otherwice in a manner aimilar
to that which normally eccurs in most tivaes all the time. Thic proces
has been ealled "erceping substitution.”

Later, other important changes occur, which conutitute final restfe
tution. These have to do with the adjustment of the transplant to its
new surroundings and its response to the inherent mechanical stresees
and strains. These forees determine to o considemable degree the
pattern of the collagen fibers in the denmis and the thickness and e
havior of the epidenmis.

Bone grafts are widely used in clinical snrgery for the correction
of disorders of the skeletal system. Many of the remarks reganling
the transplantation of skin apply as well to bone, In greneral, thin pieces
of bone have a better chance of survival or “take™ than thick ones.
Cancellous bone grafts fare hetter than cortical bone grafts and are
more rapidly incorporated into the host bed.

When a bone graft is laid against a vascular recipient site and
mechanical fixation is provided, changes transpire which result in
the incorporation of the gmft into the adjoining bone by salid bony
union. The graft is absorbed and replaced by new living hone simul-
tancously by “creeping substitution.” When bone is transplanted free
into soft tissue where it is not subjected to mechanical stresses and
strains, it is ultimately absorbed or cast out as a nontolerated foreign
body. )

After the transplant has been completely replaced by new bone,
it still may undergo extensive remodeling, depending on the mechani-
cal stimuli placed upon it.

Tendon grafts, or transplants, with attached paratenon are more
successful than transplants of isolated tendon. Accarate approximatjon
of tendon ends and immobilization is necessary for satisfactory healing,

Vascular grafts are widely used to bridge defeets in major arterics.
Both artery and vein transplants are employed. There are obvious
limitations to using arterial autografts, but vein grafts may be used to
bridge arterial defects in the same patient. For e:«lmplc,':\ section of
the saphenous vein may be removed and substituted for a segment
of the femoral artery. Properly prepared arterial homotransplants, re-
moved soon after death, are well tolerated and serve as inert conduits
until they are ultimately replaced by host tissue. Sometimes the
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transplant 1s the site of thrombosis, ancurysmal dilatation or late calcifi-
cation, Homologous transplants are obtained from appropriate donors
at autopsy under aseptic conditions and can be stored in plasma or in
special solutions under refrigeration for a few days to several weeks.
Various methods of chemical and radiation sterilization of grafts have
been used. At present the freeze-drying method (lyophilization) is
most widely used for preservation of arterial grafts.

Other tissues which are less frequently transplanted are: muscle,
cartilage, fascia, cornea and nerve. Successful transplantation requires
unusual care in the selection of suitable subjects and application of
proper technics.
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CHAPTER 3

The Systemic Response
to Injury

Theretsac i idental injury which does
nat belong to discase—namely, that the injury done has

in all cases a tendency to produce the disposition and

the means of cure~Joux HuNTER, 1794,

AS THE SURGEON sees it, injury is usually due to
various types of trauma, anesthesia and surgery, infection, obstruction,
thrombosis and embolism and new growths. Injury incites both local
and systemic responses as survival mechanisms to protect the organism
from the damaging effects of the injury. Thus the process of recovery
is initiated at the time of wounding. The local changes which occur are
specific effects of the different stressors, and each burn, bullet wound,
laceration, crush or other severe injury produces its own complex of
local damage and complications. There is an individuality about the
local injury, in any case, that is related to its cause., If the specific
local effects are overwhelming or uncompensated, they are veritable
death mechanisms; for the trauma itself is locally destructive and
generally disintegrating, since it damages or destroys cell aggregates
or entire organ systems. If the magnitude of the injury 1s sufficient,
the local changes which take place are closely integrated with a
variety of systemic responses—the reaction becomes, in fact, a total |
body response. This generalization is effected through both neural and
humoral stimuli, since innervation in an injured area is not essential
to activation of the whole organism and the infinitely complex meta-
bolic-endocrine reaction in which the central nervous system, the hypo-
thalamus and the pituitary-adrenal axis play key roles.

~n
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For the purpaes of thiv divenadon, attention will be focteesd on
the syatemic regantes ta injury, The unique and characteristic features
of the Tocal sesponses o injury sere dhisansed in Chapter 2, on Wound
Healing, and will alia be condidessd §n Chapter 7. on Sungical Infec-
tioms and Their Treatment It dioutd be emphiadized, howeser, that
thie i< an artificial «eparation and that the notmal pattem of convales.
cence can be undertood only in the Tght of the totality of the body
responees, focal amd general

The systemie respasse to gy bas been wihjected to intenys stidy
in reeent yearns The deselopment of the sttew coneept and deserption
of the general adaptation wodrome (Selie) and data from numerous
metabalic studies of the nenmendoctine response to stress and surgery
in experimental ammals and the surmical patient, utilizing isotopic
technics and controlled balanee study on the pastsurgioal metabolie
wards, as well as many other clinmieal and Iaboratory observations, have
made possible the formulation of “concept of convalescence™ that
is of the utmost practical value n the care of surmeal patients. It is
to he noted that this anthess < based on fmgmentary infonnation
and future research may very well require that modifications of it will
be necessary.

The biologic forces actnated by the total stress of surgery are
concermned with:

—

. The problems of survival duning the course of the emergencs. Circn-

latony homeostasis and energy requirements of the organism have first

prionty dunng this penod

Wound healing,

. Restoration of homeostasss, a retum to the zero balance of normality
and health,

¥ E)

In order to illustrate the systemic response to injury, consider the
clinical changes wiich may be observed when an otherwise healthy
young woman is subjected to cholecystectomy for uncomplicated
chronic gallbladder disease. Assume that the patient is in good general
physical condition, that the operation is performed under general
anesthesta and that it is attended by no unusual trauma, blood loss or
other stresses. The immediate postoperative course is smooth, the
wound heals by primary intention, and the patient is discharged from
the hospital on the ninth postoperative day. The patient continues to
improve for about six wecks, during which time she regains her
former weight and strength and recovers from the effects of operation,

During the preoperative phase, the patient’s physical condition
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is studied with a view to assessing the surgical risk, as well as to the
detection of dcficiencies that might cist and their correction. The
cardiovascular, pulmonary and renal function evaluations are within
normal limits. Blood values are normal, and fluid balance is not dis-
turbed. The patient exhibits no untoward emotional reactions. There
is no indication that her homeostatic reserves are impaired, and a
good response to surgery is predicted. In other words, she is considered
to be a good surgical risk. Despite this, whole blood is typed and
cross-matched so that it is readily available in case blood loss or some
other basis for surgical shock should make transfusions necessary. Since
there will be a predictable interference with gastrointestinal function
m the postoperative period due to the ileus of laparotomy and intra-
peritoneal manipulations, no food or fluid is allowed during the im-
mediate preoperative period. As a precautionary measure, a nasogastric
tube 15 inserted just before the patient is taken to the operating room.
Preanesthetic medication, including morphine and atropine, has been
given to protect further the patient from the stress of ancsthesia and
operation by causing a decrease n metabolism, a depression of reflex
activity, decrease in psyclic activity and increased tolerance to pain
stimuli.

During anesthesia and operation, the respirations and blood
pressure are supported and fluid losses are replaced volume for volume
by parenteral therapy. Under these circumstances, there is little change
from the preoperative “steady state ”

The patient awakens soon after anesthesia is discontinued. She
complains of pam in the region of the incision and tends to lie quietly
in bed. Her respirations are shallow and more rapid than normal Soon
she becomes more responsive and may ask questions. Her color remains
good without cyanosis, and pulse and blood pressure, frequently
checked, remamn stable There is some postanesthetic nausea with
retching, but 1t does not last for long. The patient sleeps intermuttently.
Later, she complains of increased wound pain, A small amount of
opiate is administered, and she sleeps some more.

After six or exght hours, she has a sensation of bladder fulness and
urinates with difficulty, because straining causes wound pain The
urine volume output is small, only 150-200 ml. Only 2 httle fluid is
aspirated from the nasogastric tube, although the tube is kept open
by periodic irngation with isotonc saline solution

During the first night the patient sleeps quietly, aided by small
amounts of analgesic drugs. On awakening, she complams of con-
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sideratde wound pain on movement and sants (o be Ieft undisturhed.
Her surgeon, hosever, incdsts wpon eatly ambmlation and helps the
patient it the sitting pnition on the side af the bedo At fint there i
wme dizzinew, bt her postural hvpotemion soon disappears as
vascular adptiments are made to the <hift: There fs a pereeptible
increase m beart rate and a stronger pube, The patient §s then able
to stand at the beduide and walk about sath assistance Sl s grateful
to retum to bead and states that she Bas been exhiausted by the offort
of these fint few stepr, the then falls aderp Each suecessive penod
of ambulation s better tolerated than the preceding one, and soon the
patient is able to be abont without asastancee

On the firt postoperatine das, amd for two or three days thereafter,
a body temperature elevation of about one degree (1.} is observed,
This dight temperatore elevation s a part of the metabolic response,
l‘mmpcr.llm- atelectans, wound infection, dehiydration or other com-
pheations, should they occur, wall generally cause fagher and more
prolonged elevations of temperature

Gastromtestinal function is depressed dunng the early phase of
the postoperative penod The patient has no appetite, she complains
of transient nansea, vomits of fluid or food 15 taken, and Passes no gas
or feces. The deereased bowel activaty 1s also indicated by the findings
on auscultation of the adbomen, Penstaltic sounds are greatly dimin-
ished or absent. Likewise, there is decreased seeretory activity, as
indicated by the small amounts of bile-stained fluid which appear in
the suction bottle 1f the nasogastric suction is continued, the amount
of aspirated flurd will be m the range of 100300 ml, every twenty-four
hours for the fint three to five days and will then increase. Under
ordinary circumstances, the nasogastric tube is removed after the first
or secand postoperative day. Appetite and gastrointestinal function
retum, oral intake is gradually resumed, and parenteral intake is de-
creased and then discontinued

The urinary output 15 decreased to about 500 ml. every twenty.
four hours duning the immediate postoperative period until a third
or fourth day diresis occurs. Oliguria is associated with deereased
sodium and increased potasstum excretion. This repal response s
due to neuroendocrine influences, antidiuretic hormone (ADH} and
adrenocortical harmone (ACH) mechanisms which have been physi-
ologically activated by the stress of surgery. As ADH and ACH with-
drawal ocenr, a water and sodium diuresis takes place and the renal
excretion of potassium falls.

Early in the postoperative course the patient exhibits httle interest
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in the goings-on about her. She complains of weakness and fatigue
and prefers to sleep much of the time. Wound pain, which has been
severe, becomes less conspicuous; and by the third day, analgesic
drugs are no longer needed. Soon the patient is spending most of her
waking hours out of bed. She begins to chat with the other patients
in the ward, looks ahead to visiting hours, puts on her lipstick and does
up her hair, does some light reading and may request a radio or a
television set at the bedside.

In the meantime, the wound is undergomng repair, During the
imtial lag period of wound healing, there is intense cellular activity:
inflammation, formation of a fibrin scaffolding and capillary ingrowth.
Fibroblastic proliferation and collagen formation begin about the
fourth or fifth day, and the wound starts to acquire tensile strength.
Wound healing proceeds, so that in seven to nine days the skin mar-
gins will remain closed without sutures. A period of four to six weeks
15 required, however, before significant near maximal tensile strenglh
15 gained. During this time, maturation of collagen and contraction
of the wound 1n all dimensions are taking place.

During the height of the postoperative response the patient shows
rapid weight loss and there is measurable negative nitrogen balance.
This results from the combined effects of starvation and protemn catab-
olism, Only if the period of bed rest is prolonged for weeks does
immobilization itself become a factor in this metabolic response.
Weght loss may exceed a pound a day. About one half of the weight
loss is due to the metabolism of fat stores. As soon as the patient takes
oral feedngs and her caloric and maintenance protemn requirements are
met, weight loss ceases, Nitrogen balance, which has been negative,
becomes zero, then strongly positive as the patient shifts into the
anabolic phase of convalescence. It may require four to six weeks for
her to regamn preoperative weight. Nutntional restitution is accom-
panied by a feeling of well-being, increased strength and endurance.
The return of reproductive function as manifested by a normal men-
strual cycle is usually delayed for several months,

At this stage, the convalescence is complete and recovery may be
said to have been achieved.

THE NEUROENDOCRINE RESPONSE

The systemic response to injury is in large degree initiated and
sustained by the activation of neuroendocrine mechanisms, of which
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Fic 8 =The pituitany -adrenal axis which is actisated by “stress.” Note the role
of the adrenal medulla and the hypothalamus in the initiation of reaction to stress,
The level of the adrenocortical hormones { ACE o1 ACH) #n the arculation regu-
lates release of adrenocorticotrophic hormone (ACTIH) from the anterior pitustary.
This is a “feedback™ reaiprocal control mechanism. ( From Richards, V.. Surgery of
the adrenals, Am J Surg. §9.1215, June, 1956.)

nephrine and nor-epinephrine. Activation of this emergency mechanism
for “fight or flight” may result from various types of stressors: emo-
tional stress, fear, blood loss and hypotension, increased central
nervous system activity, cte. All vital body reactions are instantly
mobilized to peak efficiency, while less important organs stop their
functions and become relatively ischemic. Adrenergic peripheral
vasoconstriction, increased peripheral resistance, increased blood pres-
sure, tachycardia and ncreased cardiac output result. Circul.’ltory



62 FUNDAMENTALS OF GENERAL SURGERY

homeostasis and provision for quick energy expenditure with jncreased
blood flow through lean muscle mass and glycogenolysis are its objec-
tives. Pupillary dilatation and sweating occur as side actions. The
adrcnomedu”nry response is prompt but of short duration, lasting only "
one to twelve hours.

HormoNAL Derense  Mecuanisy—Serum  corticoid levels are
elevated after a short latent period following injury, anesthesia or
surgery, and the stage is sct for a relatively prolonged response. One
should keep m mind that these responses vary in rate and magnitude,
from time to time, and roughly parallel the scverity of the stress, and
that the range of the so-called “normal” response is quite broad. The
essential stimulus may be either neural or hormonal in origin. An affer-
ent barrage from an area of injury, spontaneous central nervous
system activity from strong emotions, such as fear, anxiety, or worry,
excitement during induction of anesthesia, endogenous or administered
epinephrine, and unknown humoral substances, will trigger the hypo-
thalamic-anterior pituitary-ACTH-adrenal cortex This will be fol-
lowed by a sudden and sustained increased level of circulating adreno-
cortical hormones. It would seem that the purpose of this mechanism
is to conserve the body fluids, mobilize energy stores, combat shock
and, at a later stage in convalescence, aid in the healing of the wound.

The metabolic response to activation of the pituitary-adrenal
axis, which can be reproduced by the administration of evogenous
ACTH, includes the followmg features: negative nitrogen balance,
eosinopenia, sodium and water retention, potassium diuresis, increased
serum corticoid levels and an increased urinary excretion of cortico-
steroids.

The adrenocortical hormones are classified mnto three groups, ac-
cording to their characteristic metabolic effects:

1. Desovycorticosterone-like hormones (DOCA,® aldosterone, min-
eral corticoids).—Salt and water metabolism are influenced
through the renal mechanism of sodium retention and potassium
excretion.

Corticosterone and its derivatives (11-oxysteroids, glucocorti-
coids ),—These hormones affect carbohydrate metabolism by the
conversion of exogenous carbohydrate to glycogen, protein to car-
bohydrate {gluconeogenesis }; and also cause an wnsulin-resistant
hyperglycemia and glycosuria, so-called “postsurgical diabetes.”
Protein catabolism is associated with increased urinary nitrogen
and potassium excretion There is associated lysis of circu-

12
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lating lymphoaytes with Inereased titer of fmmune ganma
lobutin, and a disappeanee or depresdon of the eirenlating
corinophils. The tatal cosinophil count correlates jnverely with
adrenocorticoid scerction and e widely wsed as g screening
test of this endocrine function,

3. Androgenic hormones.~Simifar to the androgens of tedicular
origin, measured by 17-hetasteroid excretion in the utine, they
are concerned primarily with sevwal characteristion and func-
tion. ahbongh these honpones akso exert an anabolic effect on
protein metabolism.

Thyroid gland participation in the sytemic reaction to fnjury is
prohable but ot eablished. The thyroid i wnder newroendocrine
control, via the claboration of thyrotropic hortnane (TSH) from
hypothalamic-pitaitary activation, Increased levels of thymsin heighten
the metabatic rate of all tissues,

In uncompheated convalescence, serum corticoid levels remain
clevated for a period of three to five days. Before corticnid with-
drawal, the circulating cosinaphils are decreased or abent, there is
negative nitrogen balance, patassium divresis, sodium retention and
incrensedd urinary exeretion of corticosteroids, Corticoildl withdrawal is
accompanted by a reversal of these changes.

The small available stores of carbohydrate are rapidly cxhausted
in the instial period following injury, so that protein and fat stores are
molnlized to mect the energy requirement. Weight loss and increased
utilization of fat stores continue for five to seven days, or until ealoric
requirements ean be met by oral intake, This trend is reversed by
carticord withdrawal and the resumption of oral feedings. ’

Protein catabolism and negative nitrogen balance oceur regularly
as a part of the metabolic response, awing in part to ghnconcngcncsfs
and in part to starvation. The products of protein breakdown are used
fn tissue repair, but the prodigal rate of this catabolic process leads to
large net losses Again, corticord withdrawal is associated with de-
creased urinary nitrogen lasses; and, when protein and calaric require-
ments are met, the nitrogen balance becomes zero, then positive,

There is immediate reduction in urinary and sweat sodium con-
c'en\mtions following the ndrenacorticaid response to trauma. Activa.
tion of the ADH mechanism by stress potentiates the oliguria which
develops. During this period, serum sodium concentrations may be less
than normal. This may represent a sodium “shift” from the extracellular
fld to the intracellular space, with sodium disphcing potassium, A
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homeostasis and provision for quick energy expenditure with increased

blood flow through lean muscle mass and glycogenolysis are its objec-

tives. Pupillary dilatation and sweating occur as side actions. The
adrenomedullary response is prompt but of short duration, lasting only ~
one to twelve hours.

Horytoxat DEerFense MEecHANISM.—~Serum  corticoid levels are
elevated after a short latent period following injury, anesthesia or
surgery, and the stage is set for a relatively prolonged response. One
should keep in mind that these responses vary in rate and magnitude,
from time to time, and roughly parallel the severity of the stress, and
that the range of the so-called “normal” response is quite broad. The
essential stimulus may be either neural or hormonal in origin. An affer-
ent barrage from an area of injury, spontaneous central nervous
system activity from strong emotions, such as fear, anxiety, or worry,
excitement during induction of anesthesia, endogenous or admunistered
epinephrine, and unknown humoral substances, will trigger the hypo-
thalamic-antenor pituttary-ACTH-adrenal cortex. This will be fol-
lowed by a sudden and sustained increased level of circulating adreno-
cortical hormones. It would seem that the purpose of this mechanism
is to conserve the body fluids, mobilize energy stores, combat shock
and, at a later stage in convalescence, aid in the healing of the wound.

The metabolic response to activation of the pituitary-adrenal
axis, which can be reproduced by the admimstration of exogenous
ACTH, mcludes the following features. negative nitrogen balance,
eosinopenia, sodium and water retention, potassium diuress, increased
serum corticoid levels and an increased urinary excretion of cortico-
steroids.

The adrenocortical hormones are classified into three groups, ac-
cording to their characteristic metabolic effects.

1. Desoxycorticosterone-like hormones ( DOCA,® aldosterone, min-
eral corticoids) —Salt and water metabolism are influenced
through the renal mechamsm of sodjum retention and potassium
excretion.

. Corticosterone and its derivatives (1l-oxysteroids, glucocorti-
coids).—These hormones affect carbohydrate metabolism by the
conversion of exogenous carbohydrate to glycogen, protein to car-
bohydrate (gluconeogenesis), and also cause an insulin-resistant
hyperglycemia and glycosuria, so-called “postsurgical diabetes.”
Protein catabolism is associated with increased urinary nitrogen
and potassium exeretion. There is associated lysis of circu-
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sodium-potassium shift in the opposite direction then results, with
corticoid withdrawal and a period of salt-and-water diuresis. After
about seven to ten days, sodium balance again becomes zero. Renal
losses of potassium are increased during adrenocortical stimulation.
Potassium release from its predominantly intracellular position may
result from cellular breakdown or a sodium-potassium shift. Each
gram of nitrogen broken down results in the liberation of 2.7 mEq. of
potassium. Under conditions of adequate renal function, potassium
excretion is rapid and there is little danger of potassium intoxication.
Potassium diuresis ceases following corticoid withdrawal, and balance
soon becomes zero, then strongly positive as the resynthesis of tissue
occurs m the weight grin phase of the convalescence.

Francis D. Moore has suggested that convalescence consists of
four phases (see Table 1), and he has given each phase an appro-
priate title. Although the total duration of each phase may vary and
there is overlapping, the average duration of the sequential phases of
convalescence following moderately severe surgical trauma is as
follows:

-

. Adrenergic-corticoid phase, about five days

Il Corticoid withdrawal phase, about four days
III. Spontaneous anabolic phase, about twenty days
IV, Fat-gain phase, about forty days

THERAPEUTIC COROLLARIES

Following operation or injury, treatment should be provided which
meets the patient’s changing needs and avoids deficits or overloads.
There is a normality of convalescence, a pattern of recovery, which
must be understood in order to maintain “balanced” therapy, as well
as to understand the abnormahties of response which may develop.

PHASE I. ApRENERGIC-CorTicOm PHASE

1. The essential energy and water requirements may be supplied
by the administration of glucose in water when only parenteral routes
are available

2. Overloads of salt and water should be avoided. Excesses cannot
be excreted during the phase of adrenocortical stimulation. Water-
salt retention results in edema.

3. Restoration of nitrogen balance cannot be achieved during the
height of the adrenocortical response. Parenteral nitrogen will not be
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used to build new protem but will be metabolized to meet the caloric
requirement. Unmnary nitrogen losses increase, do what you will.

4. Potassium administration during the postoperative period is
aimed at balanced replacement. The oral route should be used if
available

5. Whole blood in amounts sufficient to replace blood loss should
be given as mndicated during all phases of the recovery.

pHASE 11, CorTicoip WITHDRAWAL PHASE

1. Parenteral fluid therapy can be reduced, then discontinued
when gastrointestinal function resumes. Oral intake is started and
increased as tolerated.

2. Early ambulation and increasing general activity will counter
the adverse effects of immobilization and speed recovery.

3 Now the local healing process proceeds rapidly and the wound
gains tensile strength. Usually the sutures can be removed at the end
of this phase, but continued wound protection is nceded because union
1s still insecure

4. If there are no complications, the patient is able to leave the
hospital and continue the convalescence at home.

PHASE IIL SPONTANEOUS ANABOLIC PIASE

1. A liberal diet, high in carbohydrates, protein and vitamins 1
important It permits the anabolic process to begin and to proceed at
a rapid pace.

2. Weight gain takes place, and with it comes increased strength,
endurance and ability to work. The patient should be encouraged to
resume graded activity and social contacts.

3. The wound should be protected against unusual stresses and
strains The possibility of a deep separation and hemia formation
still exists.

PHASE IV, FAT-Gary Prase

L. There 1s steady weight gain, metabolic balance is restored, and
fat stores are reconstituted.

2 The wound unites firmly and the scar becomes less prominent;
local pain and tendemess disappear.

3. Sexual function becomes normal.

Convalescence is at an end.
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and the Niduneys, intestinal tract and the langs proy ide the mechanions
needed for the discharge of the waste priclucts of metabolisn, Thew
routes for intake and output make possible the chemieal teactions,
such as synthesis and degradation, as well as the encrgy production
required to maintain the individual at a more or Tew comstant lesel,
In order for these reactions o ocenr, it i necesaey that dilution or
concentration of the substances entering into the reaction, the pil of
the reaction and the temperature be within a narrow range of variation.
When great variation oceurs, the chemical reactions become inade-
quate and imbalance or illness results. The constaney of the internal
enviromment is, therefore, of paramount importance for the mainte-
nance of the “steady state.” This constaney is bronght about by ade-
quate composition and transport of a system of bady fuids,

The human body is made up of about 70 per cent water by weight.
About one half, or 50 per cent, of the weight is water within the eell
(intracellular fluid, ICF). The remainder of the water, amounting to
20 per cent of body weight (see Fig. 9) s outside the cell (extra-
collular, ECF). The extmecllular water is distributed in two flnid
compartments: the vascular compartment, or pl:\sm:l. which amounts
ta § per cent of body weight; and the intercellular (or interstitial)
space, which amounts to 15 per cent of body weight. According to
these figures, the average (70 kg.) man would have about 49 L. of
total body water: 50 per cent, or 353 L., as ICF, and 20 per cent, or
14 L., as ECF. About 15 per cent, or 105 L., would be intercellular,
and about 5 per cent, or 3.5 L., would he plasma.

The fluid compartments of the body are separated from cach
other by membranes through which interchange takes place con-
stantly. This interchange is determined by reactions of a physical,
chemical and biologic nature. Changes in one type of body fluid re-
sult in changes in other fluids. Alterations in the fluid of the vascular
compartment affect both the fluid of the intercellular compartment
and the fluid of the intracellular compartment. These alterations
concern the volume, tonicity and chemical composition, and acid-base
balance of the body fluids.

The capillary membrane is relatively impermeable to the passage
of plasma proteins but permits passage of many other constituents. The
rate of fluid exchange at the capillary wall is determined by a balance
between capiliary blood pressure opposed by the colloid osmatic
pressure (plasma proteins) plus the tension in the tissues. At the
arternal end of the capillary, where blood pressure is high compared



CHAPTER 4

Fluid and Electrolyte

Balance

IT SHOULD BE emphasized at the outset that the
great majority of problems n the area of fluid and electrolyte balance
are not beyond the ability of the physician to analyze and resolve.
In order to do so, however, he must possess a basic understanding of
normal water and electrolyte balance, the factors which lead to dis-
turbed relationships, the normal compensatory mechanisms which
operate, the means by which abnormal states may be recognized and
the measures available for their correction

One may develop a concept of these problems from a chapter such
as this, but real understanding and ability to apply the available
knowledge at the bedside comes only with sustained intensive study,
including wide reading, many discussions, repeated observations and
actual practice. There are neither short cuts to this knowledge nor
ready-made descriptions which apply m all situations. The over-all
treatment of the patient must be the primary consideration, and
management of an existing fluid and electrolyte problem is but one
facet The patient who has suffered serious depletion may die despite
the fact that his body fluids have been restored to normal, Likewise,
undertreatment, as well as overtreatment, can be fatal.

Claude Bernard in 1878 pointed out the importance of regulatory
mechanisms in the preservation of the constancy of the internal en-
vironment or mulicu intérieur. This constancy of the internal environ-
ment 1s maintained largely by the nature of the medium in which the
cells function. The medium and the cells are contained by the skin,
a relatively impervious membrane surrounding the entire body. The
alimentary tract provides a hanism for replenishing the medium;

68
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Curansy or nie Bony Franims

In the ECF, the principal cation is sodium. The anfons are chloride
and bicarbonate, with smaller amounts of phosphate and sulphate.

Within the cell, potassinm is the principal cation. Water is frecely
tramferable between the ICF and the ECF. The concentration of
sodivm and potassium on each side of the cell membrane varies
according to changes in osmotie pressure and eellular metabolism,
In general, the osmotic preswres of the ICF and ECF are equal.

When asmotic equilibrium is disturbed from loss of the principal
evtracellular eation {sodivm) or from retention of water, the ECF
osmotic pressure falls, and a prompt shift of water into the ICF
results. This produces a rise in ECF asmatie pressure and a fall in ICF
osmotic pressure until balance is restored.

The application of chemical cquivalents to the measurement of
electrolytes is necessary for a clear understanding of these problems,
The student shonld review this subject in his textbook of biochemistry.
Only a few aspects can be considered here.

If the weight in grams of NaOH, KOH, and HCI, corresponding
to the molecular weight of these substances, is each dissolved in 1 L.
of water, the result is three molar solutions, each with 1 mole of
the dissolved substance per liter. The solutions will contain 40 Gm.
of NaOH, 56 Gm. of KOH and 37 Gm. of HCL Equal volumes of
the alkaline solutions will neutralize equal volumes of the acid solu-
tion. The NaOH solution and the KOH solution, thercfore, may be
said to have the same combining power and the same number of
active particles (cations and anions) per unit volume. These solutions
are equicalent, mole for mole. The substances dissociate into anions
and cations; cach solution, therefore, contains one equivalent of anion
and one equivalent of cation,

Substances react on the basis of their valence. The above-
mentioned substances all have a valence of one. Calcium, on the other
hand, is a bivalent atom with an atomic weight of 40. One mole of
caleium (40 Gm. dissolved in 1 L. of water) possesses twice the com-
bining power of 1 mole of sodium. Therefore, 1 mole of calcium is
two equivalents of calcium, and one equivalent weight of calcium
weighs 20 Gm.

Because the concentration of electrolytes in the blood is low and
because it is easier to express their values in whole numbers, the unit
of measure used is 1/1,000 of an equivalent, or milliequivalent (mEq.).



70 FUNDAMENTALS OF GENERAL SURGERY
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Fic. 9 —The distnbution and wmterchange of body water. The blood plasma
(5 per cent of body weight) and the interstital fluid (15 per cent) constitute the
extracellular flid (ECF ), which comprises about 20 per cent of the total body
weight (From Gamble, ] L Chemical A Physiology and Pathology of the
Extracellular Fluid- A Lecture Syllabus [Cambridge, Mass., Harvard University
Press, 1950] )

with osmotic pressure, an ultrafiltrate of the plasma leaves the capil-
lary and enters the tissues. At the venous end of the capillary, where
blood pressure is low compared with the osmotic pressure, resorption
of tissue fluid occurs (Starling’s hypothesis ).

Dissolved solutes tend to move in the direction of exuded, or
resorbed, fluid, but they also diffuse from regions of higher to lower
chemical concentration. This may lead to the transfer of an electrolyte
against the direction of fluid flow.
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the H* fon concentration drops and the solution becomes more
alkatine. If. on the other hand, more H* fons are added in the form of
carbonic acid (HHCO,), the pH is Jowered and the solution becomes
more acid. The concentration of the common jon (11CO,), then, deter-
tmmes the reaction of the solution.

The concentration of bicarhonate in the plasma s dependent on
the amount of base (cations) available to form bicarbonate at the
particular CO; tension with the particlar amounts of bleod clectro-
Iytes The base available to fonn bicarhonate is regulated by the
Lidneys. Increases or decreases in the total eations, by increasing or
deereasing the bicarbonate, canse variation in the plasma pH by the
common ion effect. Most of the fived cations of the blood are com-
bined with chloride and other fived anions, eveept for that which is
combined with bicarbonate (27 mEq./L.) and protein anion. The
measure of base available for combination with CO; is the CO.-
combining power. The CO:-combining power represents the quantity
of CO; present as bicarbonate in the plasma (BHCO;).

The concentration of carbonic acid is variable according to pul-
monary ventilation and is normally stabilized at 1.35 mEq./L.

The normal pH of the blood (7.4) is maintained when the rtio

of BHCO; to HHCO; is l’-fé_:“{fg{-‘%lfi_‘, or 30:1 according to the

Henderson-Hasselbalch equation,

pH =61 +log ———'I;ldggl

Although the total amount of bicarbonate and carbonic acid may
vary within a wide range, so long as the relationship of 20:1 remains
stationary, the pH of the blood is unchanged. The derivation and
application of the Henderson-Hasselbalch equation to acid-base
balance should be reviewed. )

The rapidity with which the system of bicarbonate buffers acts
through the respiratory mechanism makes it an important stabilizing
influence in body economy. z

INTAKE AND OvuTPUT

‘Water is taken into the body (Fig. 10) either by direct ingestion

l}u:oug.h the gastrointestinal tract or as a result of water re]ea?cd by

oxidation of foods. Although normal intake of water varjes greatly

according to age, weight, enviror 1t li fever
iy 'y
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Under normal conditions, the plasma contains approximately 155
mEq./L of cations and an equal number of anions. All the compo-
nents except protein are readily diffusible into the interstitial fluid.
The ionic concentration of interstitial fluid is, therefore, the same as
that in the plasma. If the same unit of measurement (mEq.) is used
and total concentration of cations and anions is determined, the total
concentration of cations is always equal to that of the anions. The
student should memorize the values of the usually measured plasma
electrolytes. They are: Na 142, K 5, C1 103 and CO. 27 mEq./L.

It 1s possible to convert values expressed as milligrams per 100 ml.
to milliequivalents per liter by use of the formula:

Mg /100 ml. x 10

Atomic weight X valence = mEq./L.

Changes in acid-base balance may be defined as deviations from
normal reaction, or pH of the blood. The pH of the blood is 74, and
normal variations between 7.35 and 7.45 are noted. Acidosis is that
state n which the forces arc acting to increase the hydrogen-ion con-
centration (decrease the pH ), and alkalosis is that state in which the
forces are acting to decrease the hydrogen-ion concentration (increase
the pH) Several compensatory mechanisms operate to maintain the
narrow limits of the reaction of the blood and to prevent the develop-
ment of acidosis or alkalosis. The major role is played by the plasma
buffers (bicarbonate, phosphate and protein), the excretion of CO-
by the lungs and the excretion of fixed acids by the kidneys.

The pH of the blood is determined by the ratio of carbonic acid
to bicarbonate of the plasma Carbon dioxide is available in large
amounts as an end product of metabolism. It is picked up by the
blood and transported to the lungs for excretion., The concentration
of carbonic acid of the plasma depends on the partial pressure of
CO: (pCO.) m the arterial blood, which is equilibrated with the
partial pressure of CO; 1n the lung, If the metabolic rate is constant,
the pCO: of the lung and plasma depends on changes in pulmonary
ventilation, which are subject to regulation by the respiratory center.
Thus, when alveolar pCO; is increased (hypoventilation), the plasma
pCO: increases, and when alveolar pCO: is decreased ( hyperventila-
tion), the plasma pCO; decreases.

The law of the “common jon effect” 1s involved in acid-base
balance. If to a solution of carbonic acid (HHCO;) which is weakly
ionized, HCOj in the form of sodium bicarbonate (NaHCO;) is added,
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through the stool, the lungs and the skin is relatively condant. Water
Joss through the kidneys fluctuates markedly, depending on the amount .
of water available for urinary excretion after other demands for water
have been met. Generally, the wrinary output will range from 1,000
to 1,500 mi./day under nonnal conditions,
Water loss hy evaporation through the shin and lungs constitutes

an important mechanism for the preservation of a constant body
temperature. Loss through these routes procceds withont regard to

TABLE 2.—Arrnoxstan, Dusy Low asn fhoums sy
or Watin ron Pattisas ®

Waten Lans (A Dy
Acr Grovr Usnal
Urine Stool Intemible Total Al ancs
(Ml7kg )
Infants 200-500 2510 75-300 3005600 125
Cluldren 500800 40-100 300-600 800-1,500 5
Adults 700-1,000 100 G00-1,000 1,500-2,000 43

* Note that the salues for healthy, sigorous adults given In the teat aee greater,

the amount of water present in the body stores. These routes of water
Joss, therefore, may be said to have preferential rights to available
body water.

The kidneys of the normal healthy adult must remove 35 Gm. of
solid material, or waste matter, from the blood cach day. Unless this!
is accomplished, these products will accumulate in the blood and the
state of equilibrium or health is upset. When kidney function is im-
paired and the kidncys are unable to concentrate the urine, the volume
of water needed for excretion of metabolic waste products is increased.
If there is insufficient water for a large output of dilute urine, waste
products will tend to accumulate in the body. On the other hand, when
the kidney is able to concentrate the urine through tubular reabsorp-
tion of water, a relatively small volume of urine will suffice to carry
away the necessary amount of waste products. Thus, when the specific
gravity of the urine approximates 1.030, only about 500 ml. of urine
is needed to remove 35 Gm. of waste products, whereas with a low
specific gravity of 1.010, about 1,500 ml. or more of urinary excretion
is needed to accomplish the same result. Thus, in health, sulficient
water intake consists of that amount which is regularly lost through
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and many other factors, the intake of a healthy adult approximates
2,000-2,500 ml./day. This is usually supplied by about 1,200 ml, from
liquids taken orally, 1,000 m). from water of solid foods and 300 ml.
from water of oxidation. These values do not apply in infants and
children, where the turnover of water is relatively much greater.
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Fic 10 —Water mtake and output 1 the adult and :nfant. M, minimal water
expenditure/day (about 300 ml. in the infant and 1,400 m! in the adult). To left,

relation of body wenght to water exchange. Althaugh the mfant wexghs only 1710
asmu ' - —» -t SRS -5 23

relatic

ECF

daily .

ECF 1n the adult (From Gamble, J.L.: Chcmxml Anatomy, Physiology and Pathol-
ogy of the Extracellular Fluid- A Lecture Syllabus [Cambridge, Mass.: Harvard
Unversity Press, 1950] )

Water is lost from the body through several routes (Fig. 10 and
Table 2). The least important is the loss in the stoo, which amounts
to only about 100 ml./day, Water loss in the expired air is about
500 ml, and water loss from the skin by evaporation (insensible
perspiration) is also about 500 ml. /day ‘Vhen perspu'anon is in-
creased as a result of an increase in en the
loss may be far in excess of this amount, and sngm.ﬁcant degrees of
fluid and electrolyte depletion may result. In health, the loss of water
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alvo exemplified by kidney function. In the average peron, the glomer-
ular capillarics filter ont approvimately 150 L, of extracellularlike fluid
daily, but 99 per cent of the water and more than 99 per cent of the
sodium chloride are reabrorbed in the renal tabules and setained for
body cconomy.

SaLt axn Waren

The substances dissolved in the ECF determine its osmotic
pressure. The electrolytes, sodium and chloride, are in highest con-
centration, and nonelectrolyte substances, such as glicose and amino
acids, are in lower concentrtion. Sodium p].nys the tost important
role in determming the volume and tonicity of the estracellular fluid.
When sodium is lost, osmotic tension falls and water Ieaves the extra-
cellular space; and, conversely, when sodium is retained, water enters
the ECF until osmotic equilibrium of all body fluids is restored.

The sodium content of the ECF is under the control of kidney
function. The concentration of sodium in the plasma determines the
level of sodium resorption in the kidney tuboles. When the plasma
sodium concentration is greater than normal, the antidiuretic hormone
(ADH) released from the posterior pituitary causes increased water
absorption in the tubules, and the concentration of sodium in the
blood is lowered. On the other hand, when the plasma sodium con-
centration is lower than normal, hormones of the adrenal cortex (DCA-
like mineral corticoids) act upon the tubules to increase sodium re-
sorption and thus increase the plasma sodium concentration. This
brief description of the hormonal factors concerned in renal regulation
of salt and water balance is a much oversimplified version of the com-
plex changes involved.

Water and salt balance may be considered adequate, provided
renal and adrenal function is normal, if the daily urine volume ex-
ceeds 1,000 m). and if the salt concentration of the urine approvimates
3 Gm./L. The urinary salt excretion can be estimated simply by use
of the Fantus test.® Although the urinary output of salt is not neces-

® The Fantus test 15 performed on a sample of 10 drops of urine. Potassiom
chromate 15 used as the indicator. Silver mtrate (2.9 per cent solution) is added
drop by drop, until a permanent and distinct change in color (from yellow to red:
brown) takes place. Provided the same dropper is used to measure both the silyer

mitrate solution and the urine, and the dropper is rinsed 1 distilled water after the

urine sample is measured, the number of drops required to cause the col 1
will be approamately equal to the number of grams of sod: . ie, SO oF change
liter of urme, e um chlonde present per
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the skin and lungs plus the amount needed for urinary excretion, or
2,000-2,500 ml. every twenty-four hours.

Just as there is need for replenishment of water, there is need for
replenishment of electrolytes. A healthy adult living in a temperate
climate will need about 5 Gm. of sodium chloride a day. Amounts in

TABLE 3 —Totar VoLuMe ofF Dicestink SECRETIONS Propucep
1§ 24 Houns BY ADULT OF AVERACE Srze®

Saliva 1,500 cc.
Gastric secretions 2,500 cc,
Bile 500 cc.
Pancreatic juice 700 cc.
Secretions of intestinal mucosa 3,000 cc.

8,200 cc
Blood plasma volume 3,500 cc.

¢ From Gamblc.; L Chemical Anatomy, Physiology and
Pathology of Extracellufar Water (Cambridge, Mass : Hanard Umie
versity Press, 1950)

TABLE 4.—~EcEcTROLYTE COMPOSITION OF THE INTESTINAL FLUIDS
(Avenace Ficunes)®

(as o - 1y

Sounce Rt i mEq/L.
Gastric 60 9 84
Small bowel (Miller-Abbott tube) 111 5 104

Ileostomy

Recent 130 11 116
Adapted 46 3 a1
Proximal colostomy or cecostomy 52 8 42
Biliary dramnage 130 5 100
Pancreatic dramnage 140 5 77

Transudates 130-145 3-5 90-100

® From Lockwood, J §, and Randall, H. T Bull New York Acad Med 25 228, 1949.

excess are readily excreted by the kidney. Generally, the sodium
chloride, potassium, and small amounts of calcrum and magnesium
required to maintain normal metabolism are well covered by an ade-
quate dietary intake.

The body conserves water and electrolytes to an amazing degree.
For example, each day a great quantity of water and electrolytes,
amounting to 8 or 10 L. of extracellular-like fluid, is secreted into the
gastrointestinal tract (Tables 3 and 4), where nearly all is reabsorbed
and used over and over. This conservation on the part of the body is
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150TORIC OVERKIDRATION

HYPOTONIC OVERHYDRATION
(waoter intoxication)

HYTLRTONIC OVIRKYDRATION
(solf retertien erd/or orerioed )

._L £CF TONICITYS ‘ N l ) .7‘1.{.

HYPOTONIC DEHYDRATION
(low salt syndrome)

HYPERTONIC DEHYDRATION
(simple dehydration)

ISOTONIC DEHYDRATION
{ woter ond salt depletion )

Fre. 11.—Diagrammatic representation of the directions in w hich disturbances of
ECF volume and tonicity may proceed. The area mathed N indicates normal ECF
volume and tonicity. The vertical bar indicates volume, changes of which are sug-
gested by changes in width of the bar. The horizontal bar indicates tonicity {asmo-
larity), changes of which are indicated by changes in the number of dots (jons),
The possible variations in volume and tonicity are indicated by arvows, Dehy dration
states lie below the horizontal bar, overhydration states above the hortzontal bar,

Management of each type of disturbance can be based on an understanding of these
relationships,

central nervous system depression with weakness, apathy, anorexia
and sleepiness. When the volume deficit is great, stupor and coma may
be obscrved. The reduced fluid volume produces alterations in blood
volume and blood flow. Tissue changes include furrowing and dryness
of the tongue, loss of subeutaneous turgor, soft eyeballs and atonic
muscles. Disturbances in gastrointestinal funetion, such as nausea and
vomiting, may also appear.

Correction of this deficiency requires the administration of repair

solutions equal in volume and composition to that which has been
lost from the ECF.



78 FUNDAMENTALS OF GENERAL SURGERY

sarily an accurate index of electrolyte disturbances, the test neverthe-
less provides a practical method for estimating renal retention or loss
of salt and the patient’s need for more or less salt.

In normal persons who have taken large amounts of water, chloride
may be absent from the urine. If the urine is concentrated and the
chloride content is less than 3 Gm./L., salt depletion must be con-
sidered. If the urine contains more than 5 Gm./L. and there is no
evidence of renal or adrenal insufficiency, 1t is unlikely that the patient
is suffering from salt depletion. This test must be interpreted in terms
of other observations and correlated with them.

DEHYDRATION STATES

Disturbances in water and electrolyte balance develop as a result
of (Lyihadequate or excessive mtake, (2)fenal or extrarenal losses
and (3) istnibutional shifts such as exudation into the body cawities
or mtd tissues (e.g., peritonitis, burns, fractures). In surgical cases,
losses through the gastrointestinal tract and distributional shifts ac-
count for most imbalances, and overloads are a less common cause of
imbalances. Renal failure may also complicate the picture.

According to the circumstances, the loss of water and electrolytes
may proceed at relatively the same rate, water loss may exceed
electrolyte loss, or electrolyte loss may exceed water loss. The altera-
tions in the fluid volume and tonicity which result under these condi-
tions may be termed “isotonic dehydration,” “hypertonic dehydration”
and “hypotonic dehydration,” respectively. The recognition of dehydra-
tion states according to this classification simplifies their management.
Deficiencies of these types are most often encountered by the clmician

(Fig. 11)

Isoroxic DenypraTION (SALT AND WATER DEFICIT)

Isotonic dehydration results from the loss of ECF. It may be due
to vomiting; diarrhea; intestinal, pancreatic or biliary fistulas, suction
drainage of the small bowel, ileostomy drainage; burns; excessive
sweating without fluid replacement; etc. The chemical composition
and tonicity of the plasma remains within relatively normal limits,
but the volume of the ECF is decreased.

The diagnosis of isotonic dehydration is based upon an evaluation
of the history, physical findings and take-output data. The blood
chemistry studies may reveal no significant abnormalities. There is
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If possible, the oral ronte s used, nthenwise, 5 per cont glucnce wlution
15 given parenterally, Becanse water Jons almost peser occurs without
<ome salt loss, both water and salt are n-quiu-d for yepair,

Hyrorovic Denoration (Sart Loss wirit Sucur Warten
Loss; “Low SALT Sy~pnoaMe™; “Waten INTONICATION™)

Hypotonic dehydration (Table 6) may result from estrrenal and
renal salt losses (e, “salt-losing syndrome,” Addison’s disezase) when

TABLLE 6 —Guams or Sart I eir1ion *

AFFROUats
Grane Srexs SavrDepar | Wrreceroer
IV A 70 ke, Max
1 Shehtto May be lassitnde, giddi- | Upto03Gm.r Uptot Lo
moderate ness, orthostahie faint- L body
ing. Chlonide in unne werght
Jow or absent
I Moderate to | Lassitude, giddiness and | 05-075Gm / 401,
severe fanting, anorexiz and L. boxly
maybe nausea and vam- seight

sting. Fall in blood pres.
sure. Chloride in unne
absent (except 1n Addi-
son’s discasc)

III Severetoveny| Apathy, stupor, vomiting, | 0.75-125Gm / 6-10 L.
serere and systohc blood pres- kg body
sure less than 90 mm weight
Hg. Chloride absent in
unne (eveept in Addi-
son’s disease )

® From Mamott, Il L. Water and Salt Depletin (Spnngfield, J1L.. Charles € Thomas,
Publnsher, 1950). i

water is replaced without salt. Under these conditions, the water loss
is replaced in part by oral or parenteral intake but the clectrolyte loss
is absolute. This occurs, for example, when a patient who is losing
large amounts of ECF through diarrhea continues to drink watez
without salt. Electrolyte depletion with hypotonicity of the body fluids
results Hypotonicity of the ECF will lead to transfer of fluid into the
ICF, and a state of water intoxication develops.

The renal mechanism for conservation of salt will be invoked; but
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HypertoNic DenypraTion {WaTeR Loss witn
SuicHT SaLT Loss)

Hypertonic dehydration (Table 5) may be caused simply by the
mability to drink water (e.g., esophageal obstruction). This type of
dehydration usually develops slowly. There is continued expenditure
of water for metabolic needs and an inadequate water intake, which
results in decreased volume and hypertonicity of the ECF. Fluid then

TABLE 5 —Grapes oF WaTeR DepLeTion ©

Booy APPROXINATE
Grave stevs Werenr | Desjertin A
Derrcir 70Ke Mav

1 Early Tharst, other effccts not 2% 15L
yet present

Il Moderately serere Marked thirst and dry- 6% 42L.
ness of mouth, ohguna,
weakness, 1l appear-
ance, slight personality
changes, still capable of
fair mental and physi-
cal performance

HI Very severe All the above mamfesta- 7-14% 510L
tions with i addition
marked imparment of
mental and physical ca-
Pty

® From Marnott, H L Water and Salt Depletion (Spnngfield, Il Charles C Thamas,
Publisher, 1950)

shifts from the intracellular into the eatracellular space, producing
true cellular dehydration.

The mouth and mucous membranes become dry The skin may
be flushed and hot, and body temperature is elevated. Weakness,
weight loss and psychic changes may be noted

The output of urine is decreased, and 1ts specific gravity is high.
The urine often contains albumin, red cells and casts, and the chloride
concentration of the urine 1s increased The red cell count and hemat-
ocrit are both clevated. The plasma electrolyte concentration and
tonicity of the ECF is increased.

The treatment of hypertonic dehydration consists in giving water.
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sowly) may be administered, H the distuthance b I wesere, futonie
saline and /6 sodism lactate, in the mtio of 4 to 1, fs given, 1f there
has been httle walt Jow with water oveddoading, dmply withhalding
water and administering <alt (orally) may oorrect the imbalanee,

Porassivas Bavasen

tn health, the potassiom intake s waintained by diet and averages
70-100 mEq. (28~10 Cm.} daily. Potassium is most abundant in the
cell, where 1ts concentration is about 23 times greater than in the ECF,
Excretion of potassium oceurs, for the most part, through the Ridney.
The hidney is not able to canserve potassium as it does sodium, and
under conditions of noml renal function, exersses of potasdium are
rapidly excreted. When there is impaired renal function (olimiria,
anurta ), petassinm tends to accumulate in the ECF and may lead to
potassium intavication.

Hyrorvorasseyua (Hvroratiaia)

Hypapotassemia, rather than l\ypcrpomswmi.\, is more cammoniy
encountered m surgical practice. The recognition of both states rov
quites an alertness to the conditions which lead to them and a Lnowl
edge of the clinical manifestations which cach produces. 1t must be
barne in mind that the plasma K+ concentration, as indicated by
flame-photametnic determination, does not necessarily reflect the K=~
concentration of the ICF.

Potassium deficits develop under a variety of conditions:

L Starvation from prolonged parenteral fluid therapy without
potassium replacement.
Severe dehylration states.
Alkalosis due to predominant chloride loss from vomiting,
diarrhea, suction drainage, Bstulas, ete. The resulting hvp;)-
chloremic alkalosis can be carreeted by parenteral thcr:;p\' only
if the potassium deficit is relieved. T
. Hypopotassemia, which may follow correction of acidosis with-
out potassium replacement, This occurs during the recovery
phase of diabetic acidosis when potassium is not supplied. :
Following traumatic shock due to crush injury, thermal burns

or injuries due to cold, when potassium diuresis may be ex-
cessive,

2,
3.

S

o
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in spite of this, if there is continued salt loss without replacement, the
coneentration of electrolytes falls.

The clinical signs are related to hypotonicity of all body water
and decreased volume of the ECF. There is marked muscle weakness,
often with cramps and twitching. Striking central nervous system
changes, such as stupor, confusion, coma, convulsions, psychotic be-
havior and “strokes,” may appear. Gastrointestinal disturbances, in-

TABLE 7 —Coxrarison or EFFECTs ON WATER aND SALT DerLETION®

MANIFESTATION
Dehydration

Tharst

Lassitude
Orthostatic famting
Unne volume
NaClin unine

Vomtting

Cramps

Plasma NaCl

Blood urea

Plasma volume
Hemoconcentratton

Blood viscosity
Blood pressure
Water absorption
Mode of death

Pune WATER DEPLETION

++-+ primary or simple
+++

+

Absent until late
Scanty

Often +

Absent
Absent
Slight increase or normal

+

Normal until late

Normal until late and
slight

Normal until late

Normal until late

Rapid

? due to rise of osmotic
pressure

Pure SALT DEPLETION
4+ secondary or extra-
cellular
Absent
+4-+

+++

Normal until late

Always absent except in
Addison’s disease

May be +++

Maybe +++

Dinunished 4+

+-++
Decreased +

+++

Increased 44+

Fall 4-+4-4-

Slow

Peripheral circulatory
failure

Pablp g prmett, H L Water and Salt Depletion (Springheld, 1l . Charles C Thomas.
cludmg anorexia, nausea, vomiting, inhibition ileus and false signs of
peritonitis, are common.

As the volume of the ECF decreases, peripheral vascular failure
develops. There is tachycardia, hypotension, a tendency to fainting
in the upright position (orthostatic syncope), decreased cardiac out-
put and, ultimately, signs of cardiac failure. With fall in renal blood
flow, retention of metabolites and uremia develops. The urine output
decreases, specific gravity is low, and chloride output is negligible.
The concentration of the plasma electrolytes is decreased.

Treatment will depend on the seventy of the volume and osmotic
deficits (Table 7). Signs of diminished circulating blood volume call
for blood transfusions. If there 1s a2 marked decrease in ECF tonicity,
small volumes of hypertonic salt solution (200 ml. of 3 per cent NaCl,
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Valume and jonie deficits st be repaind, Infudon of a glucote-
msulin solution is recommended, In most cases of acute renal faiture,
the three-phase management, deseribed elsewhere, will tide the patient
over until dinresis ocenrs, 10 such management appears unblely to
sneeeed, one must consider external dialysis (antificial Kidoey ) or wme
means of intermal dialysis, (See the discussian on acnte renal failure on
page 291.)

Data Gaturse

Histony.—The history of the fllness should include the patient’s
normal weight, weight low or gain, food and fluid intake, and nonmal
and abnormal entput. This information will often indicate the pres
ence of a fluid-halance pmhl('m, its origin and its relative magnitude.

Symptoms which result from fluid and clectrolyte disturbances
are vanable, nonspecific and often overlooked, Salt depletion (water
intoxication) may be associated with lassitude, anorexia, asthenia,
nausea and vomiting, blurred vision, muscle eramps, comvulsions and
coma. Thirst is prominent with water loss and hypertonicity of the
body fluids. Acid-base imbalance is usually associated with changes in
rate and depth of pulmonary ventilation. Hypopotassemia may be
suggested by apathy, weakness, drowsiness and muscle paralysis,

Prvsicar Fixpines,~Ventilatory overactivity or underactivity may
suggest metabolic acidosis or alkalosis, respectively, The pms'ﬂ)ilit:\'
of primary respiratory abnormalitics producing disturbed ventilation
must, of course, be considered. Furthermore, one should keep in mind
that, when hydrogen-ion concentration is seriously disturbed, the
activity of the respiratory center is inhibited. Thus, at moderate con-
centration, CO; is a powerful stimulant to ventilation, but at high
levels it is a depressant. The signs and symptoms must, thercfore, be
interpreted in light of all other findings. To dwell too much on one
sign, or one Ilaboratory test, to the exclusion of the entire clinjcal
picture, will lead to distortion and failure to analyze the patient’s con-
dition correetly.

The head should be examined carefully. In the infant, depression
of the fontanelles and eyes, and in the adult, softening of the eycballs,
dry mouth and furrowed tongue signify a depletion of the ECF vol-
ume. Changes in elasticity, moisture, temperature and turgor of the
skin are also important signs. The differences in elasticity of the skin
that are normal m youth and old age should be learned by observa-
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The clinical signs of potassium deficiency include: striking muscle
weakness, transitory periods of muscle paralysis, dyspnea with gasp-
ing respirations, anorexia, nausea, vormting, distention, “chronic ileus”
and cardiac fallure with characteristic electrocardiographic changes.
The triad of hypochloremia-alkalosis-acid urine is usually indicative
of a potassium deficit. The serum potassium level may be lower than
4 mEq /L.

The electrocardiographic abnormalities mclude: lengthening of the
Q-T interval, depression of the S-T segment and depression or inver-
sion of the T wave.

Potassium salts can be given orally, subcutaneously or intraven-
ously, but the oral route is preferred whenever available. When kidney
function 1s normal and hydration adequate, oral administration will
rarely produce potassium ntoxication, Potassium chloride tablets may
be used and can be given in amounts of 5-10 Gm./day in divided
doses.

Parenteral potassium therapy may be supplied in the form of
Darrow’s solution or ampules of KCI containing 30 or 40 mEq. of
K+ added to 1 L. of any type of repair solution—electrolyte, glucose or
amino acid. An intake of 40 mEq. of potassium daily 1s adequate for
metabolic needs. Repair of deficits requires about 30~40 mEq. (1
ampule) for each liter of clectrolyte solution required. It must be re-
emphasized that potassium salts must be given slowly (not over 20
mEq /br ), and only when urinary output is satisfactory.

HyrERPOTASSEMIA ( HYPERKALEMIA )

Elevated serum potassium levels and potassium intoxication are
infrequent clinical findings, but they may occur with impaired renal
function (oliguria or anuria), adrenocortical failure (Addison’s dis-
eafe), early diabetic acidosis before treatment is started and paren-
teral potassium overdosage.

The most important clinical mamfestations are the result of the
toxic effect of potassium on the function of the heart Irregularities i
cardiac rate and rhythm, peripheral vascular collapse and cardjac
arrest occur. The serial electrocardiographic changes are specific and
can be corrclated with increases in the serum potassium. Cardiac ar-
rest and death usually occur when the level reaches 10-11 mEq./L.

Treatment of hyperpotassema consists in discontinuing potassium
if it is being administered and, if possible, increasing urinary excretion
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Valume and jonic deficits must be repafred. Infucion of a glitose
insulin solution is recommended, T mast cases of acnte tenal fatlre,
the three-phase management, described ehewhere, will tide the patient
over until diuresis occurs, If such management appeans unblely to
succeed, one must consider external dialyis (actificial Midney) or some
means of internal dialysis, (See the discusdon on acute renal {ailure an
page 291}

Data GamnenNe

Histony.—The history of the illness should include the patient’s
normal weight, weight loss or gain, food and flnid intake, and normal
and abmonmal output. This information will often indicate the pres-
ence of a fluid-balance problem, its origin and its relative magnitude.

Symptoms which result from fluid and electrolyte disturbances
are variable, nonspecific and often overlooked, Salt depletion (water
intonication) may be associated with lassitude, anorexia, asthenia,
nausca and vomiting, blurred vision, muoscle eramps, convulsions and
coma. Thirst is prominent with water loss and hypertonicity of the
body fluids. Acid-base imbalance is usually associated with changes in
rate and depth of pulmonary ventilation. Hypopotassemia may be
suggested by apathy, weakness, drowsiness and muscle paralysis.

Puysicat Fixoives.—Ventilatory overactivity or undernctivity may
suggest metabolic acidosis or alkalosis, respectively. The pn“'il)ilx't'\'
of primary respiratory abnormalitics producing disturbed ventilation
must, of course, be considered. Furthermore, one should keep in mind
that, when hydrogen-ion concentration is seriously disturbed, the
activity of the respiratory center is inhibited. Thus, at moderate con-
centration, CO; is a powerful stimulant to ventilation, but at high
levels it is a depressant. The signs and symptoms must, therefore, be
interpreted in light of all other findings. To dwell too much on one
sign, or one laboratory test, to the exclusion of the entire clinical
picture, will lead to distortion and failure to analyze the patient’s con-
dition correctly.

The head should be examined carefully. In the infant, depression
of the fontanelles and eyes, and in the adult, softening of the eyeballs,
dry mouth and furrowed tongue signify a depletion of the ECF vol-
ume Changes m elasticity, moisture, temperature and turgor of the
skin are also important signs. The differences in elasticity of the skin
that are normal in youth and old age should be learned by observa.
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The cliical signs of potassium deficiency include: striking muscle
weakness, transitory periods of muscle paralysis, dyspnea with gasp-
ing respirations, anorexia, nausea, vomiting, distention, “chronic ileus”
and cardiac failure with characteristic electrocardiographic changes.
The triad of hypochloremia-alkalosis-acid urine is usually indicative
of a potassium deficit. The serum potassium level may be lower than
4 mEq /L.

The electrocardiographic abnormalities include: lengthening of the
Q-T interval, depression of the §-T segment and depression or inver-
sion of the T wave.

Potassium salts can be given orally, subcutaneously or intraven-
ously, but the oral route is preferred whenever available, When kidney
function 1s normal and hydration adequate, oral administration will
rarely produce potassium intoxication. Potassium chloride tablets may
be used and can be given in amounts of 5-10 Gm./day in divided
doses. "

Parenteral potassium therapy may be supplied in the form of
Darrow’s solution or ampules of KCI containing 30 or 40 mEq. of
K+ added to 1 L of any type of repair solution—electrolyte, glucose or
amuno acid. An mtake of 40 mEq. of potassium daily is adequate for
metabolic needs. Repair of deficits requires about 3040 mEq. Q
ampule) for each liter of electrolyte solution required. It must be re-
emphasized that potassium salts must be given slowly (not over 20
mEq./hr }, and only when urinary output is satisfactory.

HYPERPOTASSEMIA ( HYPERKALEMIA )

Elevated serum potassium Jevels and potassium intoxication are
infrequent clinical findings, but they may oceur with impaired renal
function (oliguria or anuria), adrenocortical failure (Addison’s dis-
eaie), early diabetic acidosis before treatment is started and paren-
teral potassium overdosage.

The most important clinical manifestations are the result of the
toxic effect of potassium on the function of the heart. Irregulanties m
cardsac rate and rhythm, peripheral vascular collapse and cardiac
arrest oceur The sernal electrocardiographic changes are specific and
can be correlated with increases in the serum potassium Cardmc ar-
rest and death usuaily occur when the level reaches 10-11 mEq /L.

Treatment of hyperpotassemia consists in discontinuing potassium
if it is bemng administered and, if possible, increasing urinary excretion.
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Siatres Lanonmatony Atrs.~Additional information may be derived
from simple bedside laboratary tests of the urine spedific prasity and
pH, urinary chloride, bload hemoglohin, red and white oell connts
and hematoerit. The pH of suction flnid (and other flnids) can be
determined by use of nitrazine paper. Urine codium chloride output
can be estimated by the Fantus test,

The application of simple diagnostic methods may be ilfustrated
by the following observations. A patient who las been vomiting
highly acid gastric juice (as indicated by testing it with nitrazine
paper) ss also breathing slowly and deeply. The presumption is that
he has metabolic alkalosis which is partially compensated by de.
creased pulmonary ventilation, The urine reaction is highly alkaline,
and urine sodium chloride is low or absent, These findings substantiate
the diagnosis of metabolic alkalosis,

Broop Cnzustny Demvmnsation.~If available, more compli-
cated laboratory tests, including determinations of the serum Na, K,
Cl and COz-combining power, are often desirble, Serial electro-
cardiographic tracings are sometimes indicated to detect changes in
potassium levels as reflected by alterations in myocardial conduction,

Blood chemistry determinations are helpful in establishing the
tonicity (osmolarity), chemical composition and acid-base relation-
ships of the ECF. Disturbances in these areas ean often be suspected
on the basis of the clinical examination, and certainly these tests are
not always necessary. :

The concentration of cations and anions in the ECF is alwavs
equal, and normally amounts to 155 mEq./L. of cach. Sodium is the
most important ECF cation; and f 1t is present in a concentration
ranging from 138 to 142 mEq./L., the ECF tonicity (osmolarity) is
probably normal. ’

The anions of the ECF include Cl- and BHCO;-, which are often
measured, and sulfates, phosphates and organic acids, which are
usually not measured. The BHCO- is determined by measuring the
COs-combining power. The sum of these anjons (in mEq./L.) nor-
mally approximates the sodium concentration. Thus, CI (103) plus
CO,-combining power (27) plus other anions (about 12) equals
142 mEq./L. From a practical standpoint, if the sum of Cl and CO.-
combining power is within the range of 125-135 mEq./L., and th-c
patient exhibits no cyanosis, acetonuria or other signs of metabolic
imbalance, the tonicity of the ECF is probably normal.

The COx-combming power must be interpreted in the light of
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tion in order better to evaluate alterations in debydration states. The
lung fields should be examined for signs of pulmonary congestion,
which may be due to excessive ECF, heart failure, inadequate colloid
osmotic pressure of the plasma, increased production or decreased
destruction of the antidiuretic hormone, altered adrenocortical output
or a combination of factors. In the differential diagnosis of pulmo-
nary edema, one must consider the entire mass of information: cardiac
status, venous pressure, pcn’pheml edema, ascites, liver size and
tendemness, etc

Much information can be gained from noting the tone, fulness
and strength of the muscles. Potassium deficiency (hypoy
from loss of ICF usually produces alterations in muscle function.
There may be interference with neuromuscular activity and a de-
crease in reflex responses as a result of changes in nerve conduction.
Abnormalities in myocardial conduction, generalized muscular weak-
ness, and even respiratory paralysis, may develop. Hyperpomssemiﬂ
is uncommon in surgical patients except when it is induced thera-
peutically, in which case cardiac irregularities, including cardiac ar-
rest, may appear. Abnormalities in calcium metabolism also affect
neuromuscular activity. Hypocalcemic tetany often follows surgical
removal of the parathyroid glands. Tetany may also develop in severe
alkalosis or during the recovery phase of rickets. Accompanying or
preceding overt tetany, evidence of neuromuscular byperirritability
(Chvostek’s sign, Trousseau’s sign, carpopedal spasm, increased ten-
don reflexes) appears.

Faintness and orthostatic hypotension may result from inadequate
ECF volume, simple low blood volume, lowered blood osmotic pres-
sure, “chromc shock” of nutritional depletion or primary cardiac
disease. In some cases an “evercise test” 1s necessary to demonstrate
such abnormalities

If volume deficiency is severe, tachycardia and hypotension may
be noted. In acute depletion states, the signs are often striking; but
in the slowly developing hypovolemia of malnutrition, special observa-
tions are sometimes required to bring out circulatory inadequacies.

InTaxe axp OvurpuT RECORP~An important part of the data
required for analysis of these problems is provided by an accurate
intake-output record. Previous losses must be estimated, current losses
calculated and future losses projected, in order that water and salt
needs can be repaired and maintained. These records must include
the quantity and composition of the fluids involved
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renal insufliciency o an existing fluid deficiency. 1 the infusion
results in pmmp\' dintesiy, a state of dehydeation and the peed for
water is established. Such attempts at diagnovis by noting the texyponee
to treatment must be carefully controlled; and i the sopected disg.
nosis is not mppm(vd h_\' an appropriate fesponee, lhrt.\p}‘ st D
terminated before damage oceur,

Once mastered, basic principles may be applied to cack e in a
specifie, systematic and rational manner, Becace no two cases are
cxactly alile, it would be misleading to attempt to discuss all types
of derangements. Specific problems involving finid and clectlste
disturbances of infants and children, or of patients with dialete
mellitus, cardine failure, central nervous system disonders o renal and
adrenal dysfunction, may require specific treatment, While treatinent
m cach specialty and each disease state may vary, the broad general
principles of therapy are the same.

Serciat ProprEss v INFANTS AxD CHuones

Therapy in infants and children requires that the physician be
acutely aware of the relative magnitude of fluid volume and rate of
turnover. In carly life, the ECF may represent up to 40 per cent of
the body weight. Glomerular Sltration per square meter of body
surface is only about 50 per cent of that of the adult, and tubular
function is less capable of adjustment to metabolie and therapeutic
errors. The younger the patient, the greater is the danger of giving
too much fluid and salt. Fluid balance problems in premature i;lhnt;
may require hourly supervision. Probably more infants succumb to
overhydration than underhydration. The temptation to give a little
extra fluid as long as an fusion 1s working must be resisted.

The datly maintenance requirements are between 40 and 125
ml/kg. of body weight. The small infant requires the largest amount
per kilogram. Five or 10 per cent glucose is administered for fuid
mamtenance. Electrolytes are given for repair of deficiencies, such
as when gastric juice or other electrolyte-containing solutions have
been lost. They should be replaced in mntching quantity and kind
Blood and blood substitutes should not be given until the deficiency in.
blood velume has been actually caleulated. In general, a single trans-
fusion should not exceed a volume of 25 ml./kg. The usual volume is

15-20 ml./kg
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the clinical findings and, if available, the blood pH. The CO;-combin-
ing power is decreased in metabolic acidosis and respiratory alkalosis.
It is increased in metabolic alkalosis and respiratory acidosis. When
secondary changes have occurred through the buffer systems of the
blood and through respiratory and renal mechanisms, the blood pH
may be normal with either a decreased or increased CO:-combin-
ing power value The physician must remember that the COz-com-
bining power may be either high or low in either acidosis or alkalosis.

The results of all tests must be interpreted in terms of all other
available information. It is a common error to confuse abnormalities
in tonicity with those of chemical composition, If plasma sodium is
high (or low), then all other ions must be proportionately high (or
low) if toncity of the extracellular fld is actually altered. A devia-
tion in the CO.-combining power means nothing with regard to acid-
base balance unless the deviation is dissimilar to, or out of proportion
to, deviatton in the sodium concentration. For example: alterations in
CO.-combiming power may result either from abnormalities 1 acid-
base balance or from abnormalitics in ECF tonicity. A normal COx-
combining power iated with hypotonicity of the ECF may
indicate an existing metabolic alkalosis, while a normal CO,-combin-
ing power associated with hypertomcity may indicate an existing
metabolic acidosis. For these reasons, the entire electrolyte picture
must be evaluated if a complete diagnosis is desired (Fig. 14, p. 100).

It is also a common error to forget that a considerable piling-up
of other anions (sulfates, phosphates and ketone bodies) may occur,
since they are not usually measured. Thus, 1f the physician depends
upon laboratory values without circumspection, he may be hindered
rather than helped. Whenever a single laboratory value is out of line
with all the other evidence, it should be repeated or discounted. Treat
the patient, not a lab report.

Warcave e ErFect oF TREATMENT.~Lastly, the response to
treatment (diagnosis ex juvantibus) is o helpful, but often neglected,
aid to diagnosis. For example: A patient who is comatose and hyper-
ventilating is believed to have severe metabolic acidosis. He is given
a solution of M/6 sodium lactate, The favorable effect on the sen-
sorium and respirations which is observed supports the tentative
diagnosis.

Similarly, a patient with oliguria is given a “testing infusion” of
glucose to determine whether the decreased output is the result of
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solution.” Some patients suffer from acute deliydration, others from
chwonic dehvdration Tn some, the ECE is hypertonic: in others, hypo-
tonic. Potassinm depletion or intmication may alo eaist. Sometimes
there 1 an assaciated hyperchloremic acidosis or alkalosis. In cach
indance the patient will need Buids, It the plysician muost modify
the compoution of the hydrating swhition <o that halanee will be
re-cstablished <afely and surcly,

When prolonged parenteral thezapy is redquited, vitamins, ealories
and ammo acids must abo be cupplied A deficiency in any essential
nutnent will accentuate fuid amd clectmlyte disturbances and add
to the diffienltics of management. Positive nitrogen halanee cannot
be established in the face of a flnid and clectrolyte imbalance.

The requirements should be introduced through the  gastro-
intestinal pathway when possible, Proctoclysis, or rectal administration
of fluids, electrolytes and nutnment, has little place in current prac-
tice. Hypodenmoch sis (introduction of solutions under the skin) is
Iikewise hittle used, exeept m infants and children or when superficial
veins cannot he cannulated,

Generally, the intravenous route is used for parenteral therapy.
A No. 20 needle with a short bevel is placed in an arm vein, pref-
erably away from a joint and in such a position that the needle
adapter may be taped finnly against the arm. This allows some move-
ment of the ann withont dislodgement of the needle. The rate of
admimstration depends on the condition of the patient but should
not exceed 500 ml/he m the healthy adult.

There are certain hazards to the use of parenterat fluids.

1. Hypertonic or nonelectrolyte solutions given in large amounts
by hypodermoclysis result in a rapid distributional shift of ECF
into the area of mjection, Depletion of ECF may lead to shock.

2. Overloading, or intravenous mfusion of fluid too rapidly or

in excessive amounts, may result 1 pulmonary edema or right heart
failure, or both.

3. Dehydration from diuresis may result from too rapid admin-
istration of hypertonic solutions.

4, Potassium intoxication, with death from cardiac arrest, may
result from rapid or excessive mfusion of potassium salts. This danger
exsts especially when urinary output is inadequate.

5 Water intovication (from gwing water without elcchol)'tes,

to repair hypotonic dehydration) results from fluid shift from the
ECF into the ICF.
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SoLuTions AND ROUTES OF ADMINISTRATION

For a list of repair solutions, see Table 8. The simple repair fluids
5 and 10 per cent glucose, 0.9 per cent saline, 3.0 per cent saline
M/6 sodum lactate and ampules of potassium chloride generally

TABLE 8.—REPAIR SOLUTIONS
. C. ] ANJON:
SoLuTioy mEq /L. o'mEq /L,
Glucose in water 52
Glucose in water 107

Isotonic saline solution (0 9% NaCl) 154 Na 154Cl
Hypertonic saline solution (3 0% NaCl) 520 Na 520 Cl
M/8 sodium lactate (1.9%) 166 Na 166 mM. lactate
Other;
Sodium bicarbonate, isotonic (1.5%) 178 Na 178 m)M bicarbonate
Darrow’s “K” lactate { full strength) 120 Na 105 C1
33K
Diluted:
% Darrow’s to % glucose 1 water 48 }li]a 42 Cl
14K
% Darrow’s to % glucose i water Zi’. llgn 63Cl

Ringer’s lactate (modified Hartmann’s
solution } 130 Na 111 C1
4K 27 mM. lactate

4Ca
Amino acid solutions (protein hydroly-
sates):
Amigen® (Mead Johnson) (5%) 30Na 25¢l
Aminosol® (Abbott) Jess than 10 Na
Travarmin® { Baxter) 113 Na 51Cl1
Plasma 142 Na 103Cl
5K 27 bicarbonate
5Ca 5 lactate
2 Mg 2 phosphate

will provide all that is necessary in prescribing specific parenteml
therapy. Special solutions (Hartmann’s, Darrow’s, Ringer’s, lactated
Ringer’s, Butler’s polyionic, “gastric replacement,” “intestinal replace-
ment,” etc.) are more expensive, frequently unavailable and too
often are used empirically. The “eponymic” solutions can be used
safely only if the physician knows their composition and makes the
selection on the basis of what the patient needs.

1t is illogical to give all dehydrated patients the same “hydrating



FLUID AND VLI CTROLYTE BALANCE 93

Hypettome fuids necd to be gonen on a twenty-four hour a day basie
@ that an esmotic dinteds will not sewtt, The purpose of deliery of the
infuuon into a e vein ds to prevent the gritating <olution from teackiog
the verae! wall before §t can be diduted sath a large quantity af Blood, Even
under theve conditions, the infuson gte musd be watched for signs of theombo.
phlehitis, and administsation into one vemn dionld pot be amtinued heyond
three days, Heparin added to the infasion (25 mg. L) will help to prevent
Tocal thrombxs,

Two thenand milliliters of 10 per eent gluese with 5 per oent amine
acids and approvimatel 5 per cent aloohol sall provide clme to 2,000 cal-
ones.® The wlution will have a pHoof 5.5 and will cupply 60 milq. of wodism
and 30 mEg of potassum, Two potential comphications {rom such therapy
et I a few davs, 3 I perdiloremic metabohe acdosis uaally deselops un-
Yess MG sodimm hictate §s abo given, 18 3.000 1), of this ammo acid, carbo-
Endrate, aleohol slution are ginven each dav, the patient will tend to become
dehydrated. To avond these difficultie, be mas be given 500 ml. of 5 per oent
glucose and an oqual amount of MG wdinm Lictate alang with each 2,000
ml of the lugh-calone flad mnture. Vitamins, incliding B complex and C,
are added, sinee they ate neeessany for the metabolism of carboly drates and
amino acds 1 3.000 ml. of total fluid are to be given fn twentyfour hours, the
rate 1s ealeulated at about 33 drops per mnnte.

3.000 mi. > 18 drops m)

1 hr, ¥ GOmin, br. 3

The foregoing cases require mﬂ_\' maintenance, without replace-
ment or correctice therapy.

The next degree of complexity will include examples in which it is
necessary to supply, not only the daily metaholic needs, but also fluids
and clectrolytes being lost from the metabolic poal.

cast 3.—Loss of actd gastric puice.

A 70 hg. man was well until three hours before hospital admission, when
be was seized with severe abdominal paun On admission the abdomen was
found to be board-like, and in an upnght x-ray film, air was seen beneath the
duaphragm. The patient was operated on and a perforated duodenal uleer
closed. Nasogastric suction was used postoperatively

What fluids will be needed during the first and subsequent postoperative
days® As part of the metabalic response to stress, there will be a decreased
uninary output of water and sodium with an increased output of potassum
for twenty-four to forty-eight hours. Excessive water and salt loads, therefore,
cannot be excreted During this period, he will need about 2,500 ml. of 5 or

® Calculation

200 Gm glucose (4 calories/Gm.) = 800 calories
100 Gm, amino acids (4 calories/Gm.) = 400 calories
100 ml. alcohol (7 calories/ml ) = 700 calories

Total calories == 1,900 calories
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6. Acidosis may result from giving 1sotonic saline to replace neu-
tral or alkaline fluids lost from the body. A 0.9 per cent saline solu-
tion physiologically has an acidifying effect because it contains an ex-
cess of Clions (155 mEq./L ) over Cl jons in the ECF (103 mEq./L.).

7. Pyrogenic reactions (chills and fever) usually are due to
improperly prepared solutions or faulty equipment.

8. Bacteremia and shock may result from infusion of contami-
nated or septic solutions,

9 Thrombophlebitis may result from careless administration, pro-
longed infusion or hypertonic solutions.

ADDITIONAL MATERIAL

The student frequently asks, “What book can I read?” There are
many books available, but none that will supply exactly what the stu-
dent wants. This subject is not something that can be read and mem-
orized. Each student must learn a common and generally accepted
vocabulary and then spend time and intensive effort, individually and
in discussion, applying the basic concepts. Once the approach to
these problems has been mastered, any book or patient can be used
as a pabulum for critical digestion and understanding. Supplemental
matenal in the form of monographs, papers, individual case studies,
group discussions, ete, will then make this material an integral
part of physician’s thinking.

As an aid to the student, some illustrative cases follow:

casE L—An uncomplicated case.

A normal, robust 70 kg patient, during the first day after an emergency
appendectomy, requires mmmal parenteral therapy. He is given 2,000 ml
of 5 per cent glucose to provide for fliud loss through insensible perspiration
and urine Electrolytes, vitamins, calories or amino acids need not be given.
Oral intake 1s resumed after the first or second day.

c ASE 2.~A shightly more complex situation.

A 70 kg. patient has had perforation of the cervical esophagus from endo-
scopic exammation. He will be unable to swallow fluid or food for five or six
days, but recovery 1s otherwise uncomplicated.

The normal daily intake of NaCl (4 5 Gm.) and KCI (3 Gm.) should be
provided If 3,000 ml of fluid a day are given as 10 per cent glucose, it will
be possible to give 1,200 calories (300 Gm. X 4 calories/Gm.). Thus is inade-
quate and the patient will catabolize some body fat and protein. If he is mal-
nourished, a larger calonic mtake may be desirable. By the use of a plastic
catheter threaded into a large vein, hypertonic solutions can be admimstered
slowly for long periods.
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output fn the face of the stira eeaction, edema and pulmonary comgetion will
renlt and may prsduce fatal mmplications (See Chapter 8, p, 161 )

sy 5eLansof alkahine pastrointe stinal flund

Thiv patient has Lad no preceanting chemcal smbalanee but has had
clective lemtomy and enlectoms for aomie ulerratn e colitis, Me will sequice
enongh fuid 1o provide for incensiile Jow and anme autput each day. Aftes
the fint day, he will nend a dails mantrnanes dase of potasinm (40 mliq.)
and NaC1 (4.5 Gm.). In additim, he will need replacanent, on a volume-for.
volume basn, of all gastrointeainal find Jost Initiadly, the main lons will be
gastne juee through nawgastric siction, s juiee s eeplaeed with isotonic
saline solution, After a few dava, the panient's fleostomy will began to finction
and then most of the fuid Joss wall be grplaced with ene part of M08 «odium
lactate and two parta of raline solyhon (play 40 mbg K L of electrolyte
solution g en). If the umnany pH becomes muskedls acd or markediy alka.
Tme, the ratio can be conrrctesd 1 an evoeaise amount of ehiloride §s evereted
in the urine, electrolyte replacement should be teduced. When unine ontpuat
mereases, flenstomy output decteates and there i evidence of nereased ab-
sorption of oral fluids, the parenteral therapy may be gradnally discontinued,

Now let us tum to more onmphcated examples in which, in addi-
tion to current metabolic needs and current losses, deficits or chemical
imbalances eanst. These problenin may be ample when Buid volume
alone is increased or decreased, when tomeity alone s increased or
deereased, when a single ion (e g, potassium) is deficient or when
an abnnnn.nh’ty in pH alone custs But the patient can have a com-
bined abnonmality of volume, osmolanty and chemical composition
and of acid-base halance Four evamples of defiert problems are pre-
sented. The first three involve: sotonic dehydration, metabolic acidosis
-"md l:ypoluuirily (water mtovieation), respectively, The fourth ease
55 an example of combined dehydration, hypotonicity and acidosis. In
order 1o follow these examples, 1t may be necessary to make use of the
models, symbols and hasic coneepts and to actually diagram (“gamble-
8ram™) cach case. This will be left up to the reader.

€A sy B.—Isotonic dehydration

'A thin man weghing 60 hg. has heen vomiting large amounts of nle-
stained fluid for two days because of small-bowel obstruction. He appears
severely dehydrated, Skin turgor is poor, eycballs soft and tongue Furrowed.
ur’isnles !)realllillg normally. The pulse 1s fast, and the blood pressure Jow, The

1 concentrated, scanty and shghtly aoid.

dcﬁl't if important, in cach instance, to determine whether there is a
“mcxt m water and salt (isotonic dehydration), a deficit largely of
) er (hypertonic dehydration) or a deficit primarily of salt (hypo-
onie dehydmtion). It is also necessary to decide how much of the
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10 per cent glucose for metabolic needs, enough 0.9 per cent saline solution to
replace the observed loss of acid gastric juice, and added vitamins.

Gastric juice 15 usually a mixture of parietal (HCI) and mucous cell
secretions with more or less saliva, bile, pancreatic juice and succus entericus.
It can usually be replaced with isotonic saline on a volume-for-volume basis.
A piece of mtrazine paper can be used to test the pH of the gastric aspirate,
and the other end of the paper can be used to determine the pH of the urine.
If replacement 1s inappropriate or inadequate, loss of acid juice will lead to 2
metabolic hypochloremic alkalosis. Under these conditions the urine will be
alkaline and the chloride output low (Fantus test).

No KCl 1s given parenterally during the first twenty-four to forty-eight
hours. By the second or third day, 1f parenteral fluid is still needed, potassium
may be given if urinary output is adequate. The normal potassium require-
ment is about 40 mEq. per day. An additional 30—40 mEq. of potassium is
¢ - - e E A YA e e R A
a
< .
I . .
t . N X N .
body y ium is also replenished. Administration of isotonic saline without
potassium will actually lead to an increased potassium loss without improving
the hypochloremic alkalosis.

c ASE 4.—Loss of extracellular-like fluid.

A 70 kg. man has had an extensive burn. Because such an injury provokes
a marked stress reaction, there will be water and sodium retention, and over-
hydration is a real danger. This 15 especially true in elderly patients and in
patients with burns about the face who have sustained damage to the respira-
tory passages.

No potassium is given in any form during the acute postburn stage. For
this reason, fruit juices are forbidden. The ECF potassium must not reach a
lethal level (around 10 mEq./L.). Ultimately, potassium may be required;
but by the time it 1s needed, the patient will usually be able to take oral
feedings.

In order to replace fluid lost into and from the burn area, and to replace
blood sequestered in the burned area (distributional shft) and/or hemolyzed,
equal parts of extracellular-hke fluid and blood are given. The fluid may be
taken orally, 1f possible, n the form of a solution containing 1 level teaspoonful
of salt and 1 level teaspoonful of sodium bicarbonate (NaHCO;) added to
a quart of flavored ice water. If the fluid must be given intravenously, then
it is made up 1n a ratio of one part of M/6 sodium lactate to four parts of iso-
tonic saline solution, 1.4 15 approuimately the ratio of NaHCO: to NaCl
present in the ECF. If salime solution alone is used to replace the ECF, a
hyperchloremic metabolic acidosis will result.

How much blood and electrolyte solution should be given? It should be
sufficient to mamntam: a pulse below 100/minute, blood pressure normal,
sensorium clear and urinary output adequate (800 ml./day = 35 ml./hr., or
9-10 drops/min.). If one tries, by forcing fluids, to achieve a high urinary
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rutput in the face of the strew reaction, edema and pulmonary congestion will
result and may produce fatal comphications, (See Chapter 8, p 1810

cast 5 =Lowof alkaline gadtrointetinal fluid

This patient has had no pre-cvisting chemical fmbalinee but has had
clective fleostomy and colectomy for chronic uleeratin e cohtis, He will require
enoteh fluid to provide for invenuble b and urine output cach day, Alter
the first day, he wall need a datly maintenanee doce of potassum (40 mEq.)
and NaCl (4.5 Gin ). In addition, he will need replacement, on a volume-for-
vohime basis, of alt gastrointestinal flaid Yost Initially, the main Joss will be
gastric ice thrugh nwogastne suction, this juice s replaced with fsotonic
saline solution. After a few daya, the patient's tleostomy will begin to function
and then most of the fuid Joss will be seplaced wath one part of M 6 sodium
hactate and two parts of saline solution (plus 40 mixg. K L of electrolyte
solution given), If the unsary pH beeomes markedh acid or markedly alka-
line, the ratio can be conected 1 an excessine amount of chloride is excreted
in the urine, dlectrolyte replacement should be reduced. When urine output
incrcases, leostorny antput deereases and there is evidence of increased ab-
sorphion of oral flnids, the parenteral therapy may be gradually discontinued.

Now let us tum to more complicated examples in which, in addi-
tion to current metabolic needs and current losses, defieits or chemiceal
imbalances evist, These problems may be sumple when fluid volume
alone is increased or decreased, when tomcity alone s increased or
decreased, when a single ion (c.g., potassium) is deficient or when
an abnonmality in pH alone eusts, But the patient can have a com-
bined nbnonnn]ily of volume, osmolarity and chemical composition
20 of acid-base halance. Four examples of deficit problems are pre-
sented. The first three involve: isotonic dehydration, metabolic acidosis
:.md hypolonici{y (water intoxication), respectively. The fourth case
1S an example of combined dehydration, hypotonicity and acidosis. In
order to follow these examples, 1t may be necessary to make use of the
models, symbols and basic concepts and to actually diagram (“gamble-
Bram™) cach case. This will be left up to the reader

Casy 8.—Isotonic dehydration,
m"fl\e(;h!iln .(r{mn werghing 60 kg. has been vomiting large amounts of bile-
severely (;lclh ‘i;;)r t(::l'n d_:!ys bcc:m?c of small-bowel ol;stn;chon. He appears
He is bl’cnﬂ" 'r-\l B Slim turgor is paor, cycballs soft z\(r)l(; tongue furrowed
urine s eon:c% nomally. The pulsf: 15 fml,.nnd the blood pressure low. The
ntrated, scanty and slightly acid.

I.t i§ important, in each instance, to determine whether there is a
“;ﬁ;cxt l: water fmd salt (isotonic dehydration), a deficit largely of
to er ( )’pcrtt{mc dchydration) or a deficit primarily of salt (hypo-

e deh)'dmhon). It is also necessary to decide how much of the
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dehydration is in the ECF space and how much involves the whole
body water. The more acute the illness, the more likely that the de-
ficiency 1s ouly in the ECF, especially when vomiting and/or diarrhea
have contributed to the abnormality.

Toniaty and pH of the ECF are thought to be near normal in this
patient, and this impression 1s confirmed by the serum chemistry reports
(gwven in mEq /L.). Na 145, Cl 100, CO,- combining power 27 and K 4.

I. CURRENT METABOLIC NEEDS II. ABNORMAL FLUID LOSS

: skin
Evoporation {Iungs Gastric %
ond
Micturition

Intestinol

11l. PAST_DEFICITS

—h

Fic 12.—The attending physictan should itemize each day the requirements
for metabohic needs, repl of current ab 1 foss and of normal
balance The last of these requires an accurate analyss of the items illustrated in
Figure 13 (From Mason, E E.: The chinical significance of serum sodum concen-
tration, J. Towa M Soc 46:496-500, September, 1936 )

A diagnosis of decreased fluid volume (ECF estimated to be two thirds
of florma!), normal osmolarity and nermal pH is made. The normal ECF is
estimated at 12 L. (60 kg. X 20 per cent = 12 L.) in this lean patient. The
ECF is one third, or 4 L., deficient (12 L. X % = 4 L.). Current losses through

jc suction are ed at 3,000 ml./24 hr. of mixed juices having
a pH of 7.4 when tested with nitrazine paper and a composition approxmately
She same as ECF. The 24-hour metabolic needs are 2,000 m}. for urine and
insensible losses. The total fluid requirements, therefore, are 4,000 + 3,000 +
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2,000 = 9,000 tnl., of which 7,000 m). s dmilar to ECI and can be replaced
with an ECF-Iike solution of fonr parts ivetonfe saline solution to one part M/6
sodium lactate, The remaining 2,000 ml. mav be supplied as glicose (3 per
cent) nwater.

This i« enly an estimate, The respomse to treatinent, including operation,
will require alteration of the prescription. We can estimate that indtially the
infusion will have to min at about 110 drops ‘minute

9,000 m). ¥ 16 drops/ml.

—_—— e — = 110 ‘min.
24 hr. ¥ 00 min. hr. TH0 drope /i

Potassium, 40 mIlq, (3 Gm. KCD) will be added to each liter of electroly te
solution, but only after urinary output has been established.
The finid onder for the first twelve hours is written:

1,000 m) iwtonic saline solution
500 ). M/6 sndium Jactate

1,000 tnl. fxotonic saline solution

1,000 m! 5 per oent glucose fn water

1.000 ml. hotonic saline solution (with 3 Gm. KCladded)
230 ml. M/8 sodinm lactate

The rate of infusion is adjusted to about 110 drops/minute. A record is hept
of the approximate amount gaven each hour and the volume of urine exereted
each hour.

The physician must re-cvaluate the patient’s condition frequently and
make such alterations as seem indicated on the basis of the patient’s response
to therapy: symptoms, appearance, urinary output, urine speaific gravity and
the pH, and the velume of gastric and intestinal juice aspirated.

In the above prescription, half the requirement of water for daily meta-
bolic needs will have been met, the remainder can be supplied in the second
12-hour period. About 3,000 ml. more of ECF-like solution js nceded to bal-
ance losses. This may be given in the next twelve or twenty-four hours,
depending on the patient’s response  Additional KC1 will be added when
urinary output is normal.

cast T.—>Metabolic acidosis.

A man weighing 60 kg, has had diarthea for two days and his physician
has admimstered 1sotonic saline solution (with KCI) intravenously in amounts
equal to the liquid stools which have been passed. In addition, the patient
has received 5 per cent glucose and the unine output has remained adequate.
He 15 not thirsty, and skin turgor 1s normal. It is observed that he is somewhat
lethargic and 1s breathing deeply and at an increased rate.

It 15 concluded from the history, physical findings and some simple bed-
side laboratory tests (urinary pH, urine chloride, urine specific gravity) that
the patient is not dehydrated and that he has normal osmolarity, but that he
15 in severe acidosis as a result of (1) a loss of alkaline gastrointestinal fluid
and (2) 1ts replacement by 1sotonic saline solution, which is physiologic:
acidifying ISOh:lﬁo}:L

The blood chemistry values (in mEq./L.) are: Na 135, Kk
CO, 12. The patient needs sufficient M/6 sodium lactate to }c\hi,ng(i i?solf;‘:

ally an
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carbonute from 12 to 27, or an mcrease of 15 mEq./L.; and he needs to have
this change made in his ECF, which is estimated to be about 12 L. He therefore
requires 12 X 15 mEq. of Nat, or 180 mEq. Sixth molar sodium lactate con-
tamns 166 mEq. Na/L.; so 1,100 ml. is administered. Current losses are re-
placed with a solution containing 1sotonic saline solution and M/6 sodium lac-

cations  anions

200
B
ooy Welght L A | 3mEq/L
+ 27mEq/L
) Ziwof
\an g
% ]
>
20 % 50 % 30% o
A VOLUME B. TONICITY AND CHEMICAL
COMPOSITION
pH= BHCO3 Normal = 27 mEq /L. —

K+ log ———=
P °9 HHCO3 Normal= 13 mEq /L.

C ACID-BASE BALANCE .

Fic, 13 —To restore a patient to normal balance, 1t is necessary that the physt-
cian know quahtatively and quantrtatively the abnormalitics that are present. A tri-
partite diagnosis should be made concerning (1) volume, (2) tomcity and chemicql
composition and (3) acid-base balance A, body weigl:l is ,sh?wn to include a vari-

n
a
BHCO; of 27 mEq./L 1s normal, C, the Hend, Hassclbalck ion is useful,
with d B, for d-base changes. (Adapted from Mason, E. E.:

"The clinical significance of serum sodium concentration, J. Jowa M. Soc. 46:496-500,
September, 1956 }

tate in a ratio of 2 to 1, with 3,0 Gm, KCI/L. and the same amount of fluid
for daily metabolic needs that he has been getting. A diagnosis ex juvantibus
is then made, and the treatment 15 modified according to the progress

cASE 8—Hi i (water int tion).

The patient is an obese woman weighing 250 Ib. It is estimated, from
her height and build, that her normal weight should be about 132 Ib., or 60
kg., which represents her “lean body mass.” This calculation is necessary
because fat contains little water and is relatively mactive metabolically.
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A long operation for carcinoma of the breast is performed on the patient.
During the night she has convulsions, and it is feared that she may have had
a cerebrovascular aceident.

She has Jost a great deal of extracellular fluid from the w ound both during
and after the operation. Glucose solution, 4,000 ml., without clectrolytes has
been given postoperatively, Blood chemistry values (in mEq./L.) are; Na
125, K 2.5, C1 85 and CO, 17. A diagnosis is made of normal or slightly in-
ereased fluid volume, severe hypotonicity (water intaxication) and nermal
acid-base batance.

The patient is given 200 ml. of 3 per cent saline solution over a period
of four hours and responds satisfactorily, Larger amounts of Liypertonic saline
solution are not usually given in any ene four-hour periad. If more is needed,
the blood chemstry should be rechecked before the infusion is repeated, It
is decided that no more fluids will be needed the next day, The patient will
excrete the excess water and should soon be able to take fluids by mouth.

casE 9.—Combined dehydration, hypotonicity and acidosis.

Let us suppose that the above obese patient develops severe diarthea on
the third postoperative day. She receives a repair solution consisting of equal
parts of glucose and saline in inadequate amounts heeause no one knows
exactly the volume of the liquid stools. The patient is found in coma. Her
eycballs are soft, skin turgor poor, pulse fast, blood pressure low and respira-
tions rapid. The lungs are clear on auscultation.

The urinary output has been 400 ml, in the preceding 10 hours. Specific
gravity is 1.012, and reaction is acid. The Fantus test shows 1 Gm. CI/L.
The report from blood chemical analysis shows (in mEq./L.): Na 125, K 2.5,
CO, 12 and C1 96, The tentative fluid diagnosis is: dehydration, hypotonicity
and acidosis. :

As previously stated, the patient’s normal Iean body mass is estimated to
be 60 kg., giving a normal ECF volume of 12 L. The volume of her ECF is

now estimated to be one third reduced, so 4 L. of ECF-like fluid is needed,
The estimated ECF ¢£ @1 -1 - =" 1 ' aen = onp =y,

and Cl levels suggest e
tonicity. The Na+ defi * e T ' . .
= 240). The continning loss of fluid through diarthea is now being measured
by use of a rectal tube connected to a bottle at the bedside. It appears that
about 4,000 mL will be lost in the next twenty-four hours. The metabolic needs
for the day will be about 2,000 ml.
To summarize:

. Past deficit in volume of ECF = 4,000 ml.
. Past deficit osmolarity in remaining ECF = 240 mEq, Na.
. Past deficit of Cl. = 84 mEq. (103 — 96 =7 mEq./L., or total deficit

of 7 % 12 L. = 84 mEq.). This is not ag great as the Na* deficit (20

mEq./L.) because the patient has received an excess of Cl- in the
saline infusions.

4. Current loss 4,000 ml.
5. Metabolic water 2,000 ml.
. Total amount of flurd = 10,000 ml.

@ 10 =

[Il]

@
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The volume of fluid to be replaced is 10,000 ml. The hypotonicity can be
corrected by simply placing the 240 mEq. Na* and 80 mEq. of Cl- in the
2,000 ce. of metabolic fluid. It is therefore unnecessary to give hypertonic
fluid. This means that about 6,000 ml. of the repair fluid should be similar to
alkaline digestive secretions (isotonic saline : M/6 sodium lactate :: 2: 1),

Na* = Tonicity
Effect of Tonicity on Inferpretation of CO,

200+
_, 100
2
3
I3
o}
145 N 160 Na* 135 No*
. NORMAL TONICITY ~ HYPERTONICITY ~ RYPOTONICITY
27 = Normal COz 27 =lowCOz 27 .=HighCOz

Some Anion must be #igh  Chloride must be fow
METABOLIC ACIDOSIS METABOLIC AtKALOSIS

Fic 14.—These bar graphs show the concentration of cations and anions in the
ECF The total number of particles (cations, anions and nonionized substances) m
a solution governs its tonicity. Since sochum (in black) is the predomunant cation in
extracellular fluid and since there are usually few nomonized solutes, vanations m
sodium concentration indicate variations in tonicity. Since any loss or addition of
water will affect !he of all i ions, n is essential that tonicity be estimated
before the ch ition is (Adapted from Mason, E. E.: The
clinical sigmficance of serum sodium concentration, J Iowa M, Soc. 46-496-500,
September, 1956 )

and 4,000 ml. should be similar to ECF (isotonic saline : M/6 sodium lactate
::4 1) Agam, this is a pretreatment estimate for starting therapy and for
determining the type and rate of fluid admmistration. As the day and therapy
progress, it may be necessary to modify this estimate.
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CHAPTER 5

Nutritional Balance

THE PROBLEMS of nutrition are not peculiar to
surgery but encompass all of medicine. In surgica: practice, however,
many conditions are associated with actual or threatened nutritional
depletion. Often the normal routes for alimentation are unavailable
and artificial feedings are required.

The importance of food in all phases of management should be
considered. Throughout the coursc of the patient’s illness, and particu-
larly following the period of stress, nutriment is required for repair
of tissuc and support of metabolism. In depleted states the homeostatic
mechanisms are seriously compromised, disposing the patient to many
complications, with delayed convalescence or even death. It is in
keeping with the admonition to “make the patient safe for surgery”
that every effort be expended to establish and maintain that state of
body economy which is as near normal as possible in order to minimize
the hazards which trauma, disease and surgical treatment jtself impose.

The problems of nutritional sustenance are not difficult in the
young and vigorous patient who is subjected to an operation of
moderate severity, provided that prolonged suspension of gastro-
intestinal function does not occur. On the other hand, patients who
have suffered serious illness and nutritional depletion require special

care to insure sufficient intake of the elements necessary for tissue
. 3
repair and recovery.

Facrors Necessary For ,NORMAL NuTrrriox

Protein, carbohydrate and fat, together with water, salts and
essential vitamins, must be supplied in an appropriate balance or
admixture; and the diet must contain sufficient calories to maintain
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health There is a close interrelationship between the many items in
the diet: deficiency in one category may lead to increased metabolism
or loss of other substances. All of these constituents are available for
oral, tube and intravenous administration. At the present time, fntra-
venous solutions of fat are not widely used because they provoke a
relatively igh incidence of pyrogenic reactions. It is likely that this
problem soon will be solved.

Proteins arc necessary in almost every aspect of bodily function.
Ingested proteins arc acted upon by the digestive processes and
broken down into their primary constituents, amino acids, which are
absorbed in the small intestine and carmed by the portal circulation
to the liver. Some amino acids pass through the liver unchanged and
are utilized for repair, regeneration or growth of tissues or formation
of enzymes and hormones. Some are broken down in the liver (dea-
minized ), where the amino groups are split off and converted to urea,
which is excreted in the urine. The remainder is oxidized for energy
or converted into glucose.

Except for a negligible loss through the saliva, sweat and hair,
nitrogen normally leaves the body only in the urine and feces. The
protein balance of the body represents the difference between nitrogen
intake and nitrogen output, which can be determined by balance
studies. When intake of nitrogen equals output, the individual is said to
be in zero balance; when loss exceeds intake, he is in negative balance;
and when intake exceeds loss, he is in positive balance.

As noted above, ammo acids can be converted to several meta-
bolic groups according to the specific need at the moment. However,
in order for the body to utilize these substances in protein synthesis,
all the essential amino acids must be present in ample supply. These
include methionine, valine, 1 isoleucine, tt ine, phenylalan-
ine, tryptophan and Iysine. When one or more of the essential amino
acids is lacking, the body is unable to utilize any of the other amino
acids in synthesis of protein, and they are lost as nitrogen in the urine.
Not only must these elements be present in sufficient concentration, but
« they must be present at the same time if they are to be used.

The dangers of protemn depletion inchwde:

1. Anemia and constriction of the total blood volume (hypo-
volemia), increased susceptibility to shock, poor response to
anesthesia and operative trauma.

2. Defective fibroplasia and delayed wound healing, increased
incidence of wound disruption, decreased formation of callus
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after fracture and & predisposition to develap decubitus wleers.

3. Tlypoproteinemia; subeutancons, submucosal and  pulmonary
edema; delayed gastrointestinal motility; anastomotic obstrue:|
tion and leakage.

4. Deficiency in antibodics, lowered resistance to infections.

In health and swhen there is an adequate caloric intake, protein
in the amount of 1 Gm./day/kg. body weight is sufficient to maintain
a state of nitrogen balance in the adult. Unless caloric requirements
are met, however, protein will be utilized for energy. Carhohydrates
and fats are the main sources of encrgy in the normal dict and provide
4 and 9 calorics/Gm., respectively.

Under conditions in which intake, assimilation, utilization or re-
tention of food is disturbed, the protein requirement may amount to
35 Gm./kg./day before positive nitrogen balance is restored. If
possible, the dietary requircments should be given in the form of
natural foods through natural routes. When this is impossible, artificial
routes and formulas may have to be utilized. These will be described
later.

Carbohydrates, after digestion to monosaccharides (e.g., glucose,
fructose, galactose), are absorbed and carried to the liver, where they
are all converted to glucose and ovidized, polymerized to glycogen, or
diverted for protein or fat production. Protein, and possibly fat, is also
converted to glucose and glycogen in the liver. Part of the glycogen is

stored in the liver, and the remainder is stored in the body tissues,
chiefly as muscle glycogen.

Hepatic glycogen stores are relatively small and require frequent
replenishment. The normal adult liver has been estimated to have
a maximum carbohydrate storage capacity of only 150 Gm. (600
calories ), which is readily available but quickly depleted under stress.

Carbohydrates normally provide a substantial portion of the daily
energy requirements. When the caloric intake becomes inadequate,
’thf: body is forced to convert exogenous, or, if necessary, endogenous,

‘ protein into carbohydrate to meet caloric needs. The physician must
be acutely aware of these facts and exploit the Pprotein-sparing action
of carbohydrate to its maximum. An adequate carbohydrate intake
is' also necessary for the complete metabolism of fat and the preven-
tion of ketosis.
cource of xlores Stage n it depors dapoums peymally is a rich

2 ge in fat depots depends, in large part, on the

balance between caloric intake and energy output. Body fats are
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formed from ingested fat and carbohydrate, as well as from protein,
when caloric intake is in excess of physiologic needs.

The role of the liver in fat metabolism must also be considered.
When the intake of carbohydrate and protein is deficient, an excessive
deposition of fat occurs in the liver, lowering its metabolic efficiency
and rendering it susceptible to injury from anoxia or toxic agents
or depressant drugs, This is the basis for the practice of “fortifying the
liver” preoperatively with a high-carbohydrate, high-protein and low-
fat intake.

In health, a balanced diet supplies vitamins in adequate amounts.
In deficiency states, these substances arc often required as supple-
ments along with an increased food intake In surgical patients, de-
ficiencies in vitamin B complex and vitamin C may occur, since these
factors cannot be stored in reserve depots. When fat absorption is
impaired {as in common bile duct obstruction), deficiencies in the
fat-soluble vitamins A, D and K are to be anticipated. The role of
vitamin K in the formation of prothrombin will be discussed later.

The vitamin B complex exerts widespread effects on many tissues
and organs. There is a close interrelationship between certain fractions
and the metabolism of carbohydrates and protein, Thiamine is required
w excess when carbohydrate intake is increased. Niacin, riboflavin
and other factors should also be given in moderate excess in malnutri-
tion. The role of other factors ( Bz, folic acid) in hemopoiesis should
be kept in mind.

Vitamin C is needed for tissue repair and wound healing. In
deficiency states, the basic defect in wound healing appears to be
related to failure of formation of normal intercellular ground substance
of connective tissue, and maturation of collagen. Under these condi-
tions, wound healing 15 delayed, tensile strength is below normal and
scar-tissue formation is defective.

Vitamin C may also be involved in the synthesis of adrenal cor-
tical hormones, but the exact relationship has not been clarified.

In the well-nourished patient, the stores of vitamins A and D are
generally adequate. The influence of vitamin A on epithelization must
be recognized, but supplementation is rarely required. An increased
intake of vitamin D is unnecessary except during the growth period.
Adverse effects from excessive vitamin D therapy, in the form of renal
calculi in bedfast or immobilized patients as a result of excessive
calcium excretion, have been reported.

Depletion of plasma prothrombin may result from failure of ab-
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sorption of vitamin K due to absence of bile salts in the intestine
(obstructive jaundice) or from destruction of the vitamin K-producing
bacteria of the gut by antibacterial drugs. In these situations, corree-
tion of the prothrombin deficiency can be achieved by the administm-
tion of synthetic vitamin K preparations.

‘}‘Mﬁm or MALNUTRITION

The factors leading to impaired nutrition are varied and complev.
They may be analyzed by asking the following questions:

1. Is there simple anorexia with failure to eat?

Simple anorexia with failure to cat is a common difficulty which
may Jead to serious accumulated deficits. It may be unsuspected be-
cause there is always a tendency to look for more complex disturb-
ances. The aged person, who lives alone and prepares his own food,
often is so afflicted. A vicious cycle may be sct up, leading to progres-
sive nutritional deterioration. Although economic factors may be
involved, one must also bear in mind the changes which are incident
to the aging process, such as diminution of the sense of taste, decrease
in the secretion of saliva, lack of teeth or the presence of ill-fitting
dentures, and the tendency to psychic depression or disinterest in all
activaty, including eating.

There appears to be no justification for the widespread belief that
the appetite always exerts a beneficial regulating effect on metabolic
needs. Often if one awaits spontaneous return of appetite, there will
be continued malnutrition and delayed convalescence. For this reason,
it may be necessary to “prime the pump” by getting the patient started
on the road to nutritional reconstruction before his appetite returns
and finally takes over as the regulator of his nutritional needs.

2. Is there an accelerated loss of protein?

Patients with extensive burns, chronic infections, ulcerative colitis,
and malignant diseases usually suffer abnormal losses of protein.
Weight loss, and specifically loss of lean tissue mass, is the most im-
portant indication of nutritional depletion. While it may be impossible
to reverse such a trend preoperatively, the surgical attack can usually
be delayed for a short time, during which a hyperalimentation regimen
is instituted. By this means, it is often possible to restore a state of

relative positive nitrogen balance and thereby decrease the risk from
operation.
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3. Is there an acceleration of metabolism?

Hypermetabolism (e.g, hyperthyroidism) increases the patient's
caloric needs; and if intake is inadequate, both endogenous and
exogenous protein will be utilized as fuel, thus producing a state of
negative nitrogen balance. The problem here is to augment caloric,
protein and vitamin intake as well as to control the hypermetabolic
state.

4. Is there a suspension of gastrointestinal tract activity?

This condition occurs temporarily following injury or operation.
When there is prolonged interference with alimentary tract function,
as in obstruction of the stomach or bowel (Fig. 15), special measures,
such as tube and parenteral feedings, arc necessary to correct
deficiencies.

5. Is there poor utilization of foodstuffs?

Poor utilization of foodstuffs is a less common but an important
cause of nutritional depletion. It may result from loss of part of the
absorptive surface of the small intestine from disense (e.g., regional
enteritis) or resection, from short-circuiting of food through external
or internal fistulas, or from deficient secretion of the digestive fluids
of the pancreas or liver. Except under these conditions, nutritional
failure generally can be ascribed to other causes

CHANGES WITH MALNUTRITION

Regardless of the canse, nutritionally depleted patients are likely
to exhibit one or more of the following alterations:

1. Weight loss, decrease in fat-tissue stores and wasting of lean
tissue mass (muscle) generally imply an inadequate food intake,
with deficiency in calories and protein, and a state of negative nitro-
gen balance for a considerable period of time. There may be specific
vitamin deficits as well, each with more or less clearly defined clinical
signs.

2. Chronic malnutrition is nearly always associated with de-
hydration, anemia, hypoproteinemia and hypovolemia. Loss of body
water may be regarded as a compensatory mechanism for the main-
tenance of normal plasma osmotic tension when the plasma protein
content is reduced. There is a concomitant reduction in the total blood
volume (hypovolemia) leading to a condition sometimes called
“chronie shock.” Hemoglobin deficiency and hypoproteinemia regularly
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Fic 15.—-Severe malnutntion due to prolonged chronic partial intestinal ob-
struction resulting from imtrapentoncal adhesive bands. The patient had had numer-
ous operations for pelvic inflammatory disease in carly adult Lfe, followed by four
operations for intestinal obstruction Note the extreme degree of musele wasting and
loss of subcutancous fat, as well as the abdominal distention and loops of bowel
vistble through the thin abd 1 wall. Rad hic studies confirmed the diagno-
sis of chronic partial small-bowel obstruction, After intensive preoperative prepara-
tion, a segment of scarred obstructed 1leum was remosed and continuity established

y anastomosis The postoperative course was )| d by thoracic emp .,
but ultimately the patient made a good recovery and her weight increased from 78
to 144 pounds 1n three months. At a five-y ear follow-up, she was found to be well,
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accompany hypovolemia under conditions of malnutrition. The labora-
tory findings, including hemoglobin and red blood cell counts, plasma
proteins and hematrocrit values in hypovolemia may be relatively
normal. Later, when water, salt and volume deficits have been restored,
these values are found to be lower than normal. Blood volume deter-
minations, using Evans blue dye (T-1831), or radioisotope technics,
are helpful in estimating replacement needs, but they are not essential
to successful management.

Tyﬁ'h(sm OF MALNUTRITION
Priorities in the treatment of nutritionally depleted patients are:

1. Restoration of fluid and electrolyte balance
2, Correction of anemia and hypoproteinemia
3. Restoration of normal blood volume

4. Reversal of negative nitrogen balance

5. Provision of an adequate vitamin intake

In the restoration program the need for water and electrolytes is
apparent Detailed consideration has been given to this subject in
Chapter 4, on Fluid and Electrolyte Balance, but a few points should
be re-emphasized. The need for fluid and electrolytes is relatively
greater i the depleted infant or child than in the adult. The need for
water is increased when the concentrating power of the kidney has
been lost When the protein intake is augmented, evtra water for renal
function is needed, owing to increased urea formation. Likewise, when
salt intake is increased, the need for water is increased.

Transfusions of whole blood are essential for the rapid correction
of deficits in hemoglobin, plasma protein and blood volume. While it
may appear that plasma transfusions should be adequate, the fact that
a deficiency in hemoglobin is a constant feature of the systemic deple-
tion of body proteins emphasizes the need for whole blood. Both
blood and plasma will spare exogenous and endogenous protein, but
neither will directly provide significant amounts of amino acids for
body metabolism. The use of either plasma or blood for the repletion
of protein stores other than those of the vascular compartment is
expensive and inefficient and is better attained by feeding the patient.

After flud and electrolyte deficits have been corrected, daily
transfusions of 500-1,000 ml. of whole blood may be given, depending
on the response to treatment and the severity of the reduction in
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hemoglobin, plasma protein and blood volume, While it is wsually
desitable to restore normal lovels rapidly, this may be dangerous in
patients who are severcly depleted or who have associated cardiac or
pulmonary disease. It is estimated that in the adult, 500 ml, of blood
will raise the hemoglobin level about 0.5 G, Generally, 1,000-2,000
ml, of whole blood will suffice, except when there has been gross loss
of blood. The response to administration of bload, in terms of the
hemoglobin, red ccll count and hematocrit, should be carefully fol-
lowed. Complete restoration to normal values may be unneeessary
or inadvisable, and operation can usually be undertaken when the
hemoglobin level has reached about 12 Gm. and the red cell count
is 4.000,000.

As noted above, the correction of protein depletion of the plasma
and tissue is nat simply a matter of giving blood transfusions, It has
been shown that a reduction in the plasma protein signifies a thirty-
fold reduction in tissuc protein stores. These can be reconstituted
only by a proper feeding regimen.

When there is need for augmentation of the protein intake, con-
sideration must be given to mecting this need by use of special diets,
tube feedings or intravenous feedings singly or in combination, ac-
cording to the circumstances. If the patient cannot take the prescribed
diet, high-protein formula feedings may be given orally or through an
inlying nasogastric tube (polyethylenc type). Even when there is
partial obstruction of the outlet of the stomach, a sufficient amount
of liquid formula may pass into the small bowel to bring about reversal
of nitrogen balance and weight gain. When an obstruction precludes
any type of feeding from above, it may be necessary to establish a
temporary (or permanent) route for artificial feeding. This may be a
gastrostomy (feeding tube in the stomach) or a jejunostomy, according
to the location of the obstruction,

The actual intake in terms of carbohydrates, proteins and fat,
together with the total caloric value and the patient’s weight, should be
charted daily on a metabolic record. It must be realized that there is
often a great discrepancy between the amount of food which the
patient is served and the amount of food which he ingests. The
patient’s expected weight, the degree of hypermetabolism and the
levels of the circulating proteins should be gauged, and from these
val’ues the ca-lo.n'c and protein goals necessary for repletion may be
fle)shmated. If it is apparent that through his own efforts the patient will

e unable to meet these goals, supplementation is indicated.
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The caloric and protein goal must be individuahzed. In depleted
patients it averages about 3,000 calories and 150-200 Gm. of protein
per day. If necessary, 5,000 or morc calories, and up to 500 Gm. of
protein daily may be administered, but a sustained intake of this
order is difficult to mamntain. The usual division of calories is carbo-
hydrate, 65 per cent; protein, 25 per cent; fat, 10 per cent. In general,
the sicker the patient, the lower will be his tolerance for fat and the
greater will be his need for protein,

Failure to correct the nutritional problem may be due to the
following:

Dependence on the appetite of the sick patient
. Diet not specified

. Diet not ingested

. Abnormal losses

. Defect 1n assimilation

The type of food offered to the patient should be determined
according to his nutritional state, the function of his gastrointestinal
tract and his interest in and ability to take food. Insofar as possible,
he should be given food which is similar to his daily pattern. It is
neither necessary nor desirable to provide luxuries for the patient
who has never had them; but it is important that the food provided be
of good quality, palatable, hot when intended to be, and attractively
served.

The types of diets offered are based on normal requirements.
Diets may be varied according to texture or consistency, energy con-
tent and individual constituents. The standard hospital dicts are:

Light liquids Soft or bland diet
Full hquids General diet

4 I LT

The light liquid diet consists of tea, coffee, broth and fruit juices,
with or without added sugar. This diet is nutritionally incomplete
and is intended only to re-establish the oral intake of fluid, electro-
Iytes and carbohydrates.

The full liquid diet includes milk, modified and enriched with
dried milk proteins, egg, malt and cereals. Ice cream and plain-
flavored gelatin are items which enhance this diet. Puréed vegetables
and fruit pulp added to milk or meat stock are also used. Frequent
small feedings may be given to mect the patient’s requirements.

The soft or bland diet is ordered as strength and ability to take
food returns. The amount and frequency of the feedings depends on
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the patient’s condition. Milk and its many modifications, cggs in
almost any form, fincly divided meats, puréed fruits and vegetables,
and soups or soufliés are admissible.

Progression to a general dict or a normal meal pattem is the next
step. Fruits and vegetables, cooked and eventually raw, as well as
bread and cereals as they occur in the normal dictary, should be used.

TABLE 9.—Tenr I'renine Foraora ¢

- Canpony.
- g Prorriv Fat Saota
COoNSTITLTNTS AstousT (Gt} (Gar ) :va,:rrl‘) CALORITS (a0,

Sweet whole milk 1,500 ml. 63 702 §8.2 1,231 9000
Dextri-Maltose ® 90 Gm. 200 351 756.0

Dextrose 150Gm. | o | o L1500 | 600 15
Alacta® 162Gm 535 19.4 %53 697 52,4
Total 1,920 cc.or | 1165 | 896 4035 2,852 | 2,500.0
2 qus.
Compositton/100 ml. [ 4 al 150 -
Caloric value

Vitamune added routinely
10 gtt. Fer-In-Sol ® Approx. 9.4 mg. elemental iron
3 gtt. Aquasol Approx. 4,000 LU. vitamin A; 800 LU. vitamin D

2t. vitamun Bsyrup  Approx. 40 mg. niacin, 4 mg. thiamin; 3 mg. riboflavin
100 mg. ascorbicacid 2 T. vamlla

® Courtesy of Dr. Kate Daum, Department of Nutrition, College of Medicine, State Univer-
sity of Towa.

Vitamin supplements should be given as medication when a de-
ficiency exists or is suspected. Synthetic, high-potency preparations
are useful at this time. As soon as possible, vitamin preparations con-
taining some crude fraction of liver, rice or yeast should be added
to the diet.

E Feeorves.~Formula feedings (Table 9), introduced through
a nasogastric tube or artificial stoma, may be necessary to augment
intake or provide complete nutrition. The base, or carrier, of these
formulas usually is whole or skim milk. Additional protein can be
supplied by adding dried-milk powder, egg or protein hydrolysates.
Calories are furnished by glucose, maltose, sucrose, cream or emulsi-
fied vegetable fats. Water-miscible vitamins A and D, vitamin B com-
plex and ascorbic acid are also added.
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The caloric and protein goal must be individuahized. In depleted
patients it averages about 3,000 calories and 150-200 Gm, of protein
per day. If necessary, 5,000 or more calorics, and up to 500 Gm. of
protein daily may be administered, but a sustained intake of this
order is difficult to maintain. The usual division of calories is carbo-
hydrate, 65 per cent, protein, 25 per cent; fat, 10 per cent. In general,
the sicker the patient, the lower will be his tolerance for fat and the
greater will be his need for protein.

Failure to correct the nutntional problem may be due to the
following:

Dependence on the appetite of the sick patient
. Diet not specified
. Diet not ingested
. Abnormal losses
. Defect in assimilation

G O LD

The type of food offered to the patient should be determined
according to his nutritional state, the function of his gastrointestinal
tract and his intercst m and ability to take food. Insofar as possible,
he should be given food which is similar to his daily pattern. It is
neither necessary nor desirable to provide luxuries for the patient
who has never had them; but it is important that the food provided be
of good quality, palatable, hot when intended to be, and attractively
served.

The types of diets offered are based on normal requirements.
Diets may be varied according to texture or consistency, energy con-
tent and dividual constituents. The standard hospital dicts are:

Laght liquids Soft or bland diet
Full Liquids General dict

The lght liquid diet consists of tea, coffee, broth and fruit juices,
with or without added sugar. This diet is nutnitionally incomplete
and is intended only to re-establish the oral intake of fluid, electro-
Iytes and carbohydrates.

The full liquud diet includes: milk, modified and enriched with
dried milk proteins, egg, malt and cereals. Ice cream and plain-
flavored gelatin are items which enhance this diet. Puréed vegetables
and fruit pulp added to milk or meat stock are also used. Frequent
small feedings may be given to meet the patient’s requirements.

The soft or bland diet is ordered as strength and ability to take
food returns. The amount and frequency of the feedings depends on
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balance. Each liter will provide about 50 Gm. of amino acids.

At Jeast 23 L. daily are required, and some patients will not

tolerate this quantity of fluid.

Their administration often results in some degree of saticty

with decreased ability to take ol feedings. In other words,

the hydrolysates given intravenously may “spoil the appetite.”

Unpleasant side reactions may occur during administration,

These include a sensation of heat, fever and abdominal cramps.

These reactions arc infrequent if the salutions are given slowly
(c.g., 1,000 ml. over a period of three hours).

. Thrombosis of the veins used for infusion sometimes occurs,
owing to added glucose and alcohol (hypertonic solution)
rather than to the hydrolysate per se. If the solution infiltrates
subcutancously, there may be a severe local reaction, with
tissue necrosis and sloughing,

5. Unless adequate calories are provided, the amino acids are
metabolized to meet energy requirements rather than to re-
constitute proteins.

. The protein hydrolysates are excellent media for bacterial
growth. While the intravenous preparations are available in
sterile sealed containers, they are easily contaminated. They
must be used immediately after being opened, and they must
not be given if clondy or otherwise altered.

Despite these limitations, the intravenous protein hydrolysates are
valuable for short-term nutritional sustenance if little or no food can
be taken through normat channels or if continued protein catabolism
threatens to prolong or endanger the patient’s recovery. They are in-
tended primarily to prevent or reverse protein losses rather than to
establish protein anabolism.

It is probable that the administration of protein in any form during
the adrenocorticoid phase of the stress reaction (first three or f()u:
days after operation) is unnecessary and wasteful, During this period
the patient’s fluid, electrolyte and energy needs can be met; but little
can be accomplished by giving amino acids intravenously, because
parenteral nitrogen is excreted almost quantitatively in the urine.

The problem is quite different, however, when the patient is un-
ableset(rl) reNsumehoral fesdings afterfthc first phase of convalescence has

as: ow eds i irs- PP

Evailable from eioxgénouspsr::xilcr;s ‘:: \:'ﬁ;ulf :iepz’ms(i gnd unless it is
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Tube feedings should be used with care in patients who give a
history of poor food intake. Abdominal discomfort, cramps and diar-
rhea may follow formula feedings, especially if the amounts admin-
istered are large or the concentration of carbohydrate or fat is high.
Feedings are given in small amounts initially (50-150 ml.) at one or
two hour intervals, or by slow drip if desired. The volume can be in-
creased over a period of days until the desired intake is attained.
Additional water and electrolytes may be added to the formula or
introduced separately through the tube. The average bed patient
tolerates about 250-300 ml. at a single feeding.

Patients receiving tube feedings should be kept under careful
surverllance because the incidence of complications is relatively high.
Sometimes the mixture, which is a good culture medium, is contam-
inated with pathogenic bacteria and causes severe gastroenteritis.
All feeding formulas must be carefully prepared and stored under
refrigeration. Diarrhea may result from mixtures which contain too
high a content of fat or easily fermentable sugars. Overloading of the
alimentary canal is also a common cause of abdominal eramps and
frequent bowel movements.

Adminstration of tube feedings to patients who are debilitated
or who exhibit a lowered level of consciousness (such as those with
head injuries) increases the danger of aspiration pneumonitis from
vomiting. Often these are the very patients who require augmentation
of their nutritional intake, and usually they respond favorably to tube
feedings. However, when the feedings are pushed too vigorously or
when motility of the gastrointestinal tract is inadequate to propel
the feedings, retention and vomiting occurs. Under these circum-
stances, the mixture may be sucked into the tracheobronchial tree,
where it causes severe or fatal obstructive and mflammatory changes
unless removed mmmediately by tracheobronchial catheter suction or
bronchoscopy.

VENOUs FEEDINGS.—Solutions of amno acids for intravenous
use are prepared by acid or enzymatic hydrolysis of proteins such as
casein, fibrin, bovine plasma, lactalbumin and liver. All these solutions
are of excellent biologic value and can supply necessary amino acids
for protein anabolism,

There are several limitations to the use of intravenous protein
hydrolysates:

1. The low concentration of amino acids (5-10 per cent) requires

administration of large fluid volumes to attain positive nitrogen
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enous stores when it appears that administration through the gastro-
intestinal tract is to be delayed, protein may be provided in the form
of intravenous protein hydrolysates. Although these preparations will
not maimntain or restore the patient to a state of positive nitrogen
balance, they will usually lessen the degree of negative balance and
thus may hasten convalescence. In this regard, Elman has pointed
out that “half a loaf is better than none.”

When mtravenous protein hydrolysates are given, the caloric
requirements are met by adding glucose and, if desired, alcohol to
the solution Most commercial hydrolysates contain 5 per cent glucose,
and the solution can be fortified with glucose to a concentration of
10-15 per cent. Ethyl alcohol in 5-7 per cent concentration may also
be added One milliliter of absolute alcohol provides about 7 calories.
The nonprotein caloric value of a liter of 5 per cent protein hydrol-
ysate, containing 5 per cent glucose and 5 per cent alcohol, is about
500 calories, or 200 calories from glucose and 300 calories from alcohol.
At least 3 L. of such a solution is required to meet basal needs, or
1,500 calories and 150 Gm. of protein Increasing the glucose content
of the solution increases the utilization of the amino acids as protein
but also increases the tendency to local venous thrombosis.

The necessary daily vitamin supplements can also be added to
the mtravenous solution. The requirements are met with the adminis-
tration of: ascorbic acid, 25 mg.; thiamine hydrochloride, 50 mg;
riboflavin, 25 mg., nicotinamde, 100 mg., and vitamin K, 2 mg.

The sodium chloride content of most of these preparations 1s under
2 Gm./L. The need for potassium during the period of parenteral
protem feeding and tissue repair must also be considered and, if
necessary, added to the infusion.
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immediate responses to injury will vary according to different mecha-

nisms concerned in their production. Blalock (1934) proposed a classi-

fication of shock based on the predominant physiologic mechanisns
involved:

1. Nenrogenic shoch—vasodilatation due to diminished vasocon-
strictor tone {spinal ancsthesia, \'n(ov:lg:ﬂ cn“nps(-, common
faint). These reactions are usually transitory and generally
incapable of sustaining a shock state. The conditions in this
group have been ealled “primary shock.”

. Hematogenic (oligemic) shock~due to a reduction in the
circulating blood volume (hemorrhage, trauma, bums, cte.).
This is surgical or wound shock. It is important to recognize
that other factors, such as pain, heat, cold, hunger, and de-
hydration, may be associated, initiating or sustaining factors in
shock.

. Cardiogenic shock—due to cardiac failure (e.g., myocardial in-
farction, acute decompensation). The circulatory failure is of
central, rather than of peripheral, origin. This mechanism is not
often implicated in surgical shock.

Vasogenic shock—vasodilatation and loss of vasomotion due to
the direct action of toxic substancesron the vessel (histamine,
bacterial, ete.). .

It has been suggested that shock may be better understood if

described in terms of the total clinical problem rather than patho-

physioclogic mechanisms, Such a classification would include:

(&)

o

L3

1. Hemorrhagie shock 5. Dehydration shock
2. Wound shock 6. Anesthetic shock
3. Burn shock 7. Cardiac shock

4. Toxic shock

Shock is also encountered in diabetic acidosis, hypoglycemia
(insulin shock), transfusion reactions, nutritional deficiencies (“chronic
shock”), drug idiosyncrasy and as a complication of pregnancy.

PATHOPHYSIOLOGY OF Snock

The common denominators in shock are: an inadequate periph-
eral ecirculation and tissue hypoxia (stagnant type). Many of the
immediate and delayed bodily reactions to these alterations may be
analyzed in terms of hemodynamics and circulatory failure (Fig. 16).



CHAPTER 6

Shock and Hemorrhage

Wound shock is the response of the body to a complex and
random ceent—the incurrence of a wound. Wounds

exhilnt a teldc spectrum of tissue injury ranging from the division
of a vascular trunk, to a massice crush and destruction of
muscles—in addition a wound s attended by pain

and fear, and under battle conditions by the rigors of transport
and other exhausting stimuli The effect of ¢ wound is that

of the cector sum of its many components acting

n the direction of detertoration.—Crnioncmier, 1932

SHOCK

SHOCK HAS been described as an abnormal physio-
logic state which is characterized by a disparity between the circulat-
ing blood volume and the capacity of the vascular bed, resulting in
tissue anoxia and circulatory failure.

The clinical entity of established shock and the need for urgent
treatment must be clearly understood. The patient who has received
a serious injury has often lost a large amount of hlood. He is weak,
famnt or prostrate Although usually conscious, he is apathetic, sluggish
and responds poorly. He complains of pain, thirst and coldness. He
may be restless and apprehensive. The skin is pale or mottled and cold,
moist and “clammy ” The lips, mucous membranes and nail beds are
unusually pale or cyanotic. The pulse is weak, “thready” and often
rapid. The peripheral veins are collapsed and fill slowly. The blood
pressure is decreased and the pulse pressure narrowed. The condition
is progressive and changes rapidly. For this reason, a brief description,
such as this, cannot portray the changing picture of shock. It must be
seen to be understood,

Usually, several factors operate in the production of shock. The
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With progressive fall in cffective Wlood volme, the fully developed
picture of shock develops. When the fall in blood volume oceurs
gradually, the onsct of shock may be dcla)'(‘d; when massive hemor-
rhage causes a sudden fall in blood volume, shock appears immediately
or in a very short time. The reduction in bload velume in mikl shock
usually approrimates 15 or 20 per cent of the total blood volume; in
severe shock, 40 per cent or more. Within the body as a whole there
1s a tendency toward restoration of the blood volume hy the relatively
slow passage of intercellular fluid into the vascular compartment.
This results in hemoditution and a reduced red ccll mass,

The reduction in blood volume is related directly to the severity
of shock. Loss of circulating blood volume may follow extermal or
internal hemorrhage, etravasation of blood and extracellular fluid
into injured tissues, exudation from body surfaces (as in bums, or
peritomtis), stagnation or sequestration of blood in the vascular
system or a combination of these factors. It was previously thought
that in shock a generalized loss of fluid occurred through anoxic
capillary membranes, but it has now been demonstrated that such
transudation occurs only into regional damaged tissues, The loss of
fluid from the circulation is therefore a strictly local phenomenon and
not a generalized one.,

Early in shock there is a depression of circulation through the
capillary bed from vasoconstriction and reduced bloed volume which
accounts for the clinical manifestations of skin pallor and coolness.
Vasoconstriction may be sufficient to maintain systemic circulatory
compensation for a short time, but it may also cause disturbances
which ultimately become harmful and decrease the chances of sur-
vival. The vasoconstriction primarily involves tissues and organs not
immediately essential for survival, including the kidneys. Vasocon-
striction of the renal vessels and renal ischemia have been considered
to be the cause of the acute renal failure which follows the prolonged
hypotension of shock. It is probable that vasoconstriction of signifi-
cant degree does not occur in the coronary or cercbral vessels.

Experiments have shown that certain vasoactive factors play a
role. In the early (compensatory) phase of shock, the closure of
precapillary sphincters causes a diversion of blood away from the
capillary bed and into the venous system. In the late (decompensa-
tory) phase, hypoactive dilatation of the terminal vascular bed

ll'esl(;]E in the tmpping or stfxgnation of blood in the capillaries and
eads to a state of irreversible shock. The compensatory stage of
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Relotionshep of INITIATING MECHANISMS
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Fic 16.—Suggested by Steven Horvath, Department of Physiology, College of
Medicme, State University of Iowa
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DEVILOPING COMPENSATING  BSTAK
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Fic. 17.~Pathophysiologic changes during development of shock. Note the
early elevation of pulse rate and the relatively late fall in blood pressure. {(From

Cullen, S C.: Anesthesta in General Practice {Chicago: 4th ed., Year Book Pub-
lishers, Inc, 1934], p 238.)

pressure is measurable. As a rough guide to the decrease in total
blood volume, one may say that, when the systolic pressure is below
100 mm. Hg and symptoms and signs of shock are present, the blood
volume has been reduced at least 30 per cent and that, when the
blood pressure is 85 mm. or below, the blood volume has been re-
duced at least 40 per cent or more. It is not unusual, however, for
some patients to lose 25 per cent of the blood volume and not exhibit
signs of shock.

Blood pressure is the result of an interplay of several factors
(Fig. 17). The most mportant of these are the cardiac output and
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shock is associated with the appearance in the blood of a vasoexcitor
principle (VEM) which is formed in the anoxic kidney. At this time,
a vasodilator principle (VDM) is being released from the liver,
spleen and muscles, but is being inactivated by the liver. As anoxia
develops, however, the liver can no longer inactivate the VDM, and
it appears mn the circulation in increasing amounts, producing irrevers-
1ble shock Although this concept, proposed by Shorr, Zweifach and
associates, has much to support it, it has not yet been established.

Toxic substances of infectious origin may also cause shock. In
the dog, for example, shock can be produced on the release of liga-
tures previously placed around the gastrocnemius muscles. The reac-
tion is believed to be due to the sudden flooding of the circulation
with toxins of clostridial ongin produced in ischemic muscle.

It is known that the dog normally harbors intestinal bacteria,
especially clostridia, in the liver and that during the shock state the
organisms grow rapidly. When the dogs are protected by previous
administration of aureomyein, and shock which is lethal to controls
is produced, a high percentage of the treated animals survive. It ap-
pears, therefore, that in the dog infection plays a role in jrreversible
shock, but no conclusions can be drawn regarding the importance of
these factors in man,

The venous return of blood to the right side of the heart is de-
creased progressively as the circulating blood volume falls, This Jeads
to a decrease in cardiac output, a decrease in peripheral flow and a
reduced blood pressure In severe shock, stroke volume may fall from
a normal of 75 ml to 20. ml, and the cardiac output from a normal
of 5,500 ml,/minute to 2,400 ml./minute. There is a close correlation
between the deficit in the circulating blood volume, the cardiac output
and shock.

The heart rate is accelerated through carotid and aortic reflexes
in an attempt to compensate for the reduced cardiac output. But the
heart rate is affected by many factors and cannot be correlated as
closely with the severity of shock as the blood pressure. In severe
wound shock the pulse rate may actually decrease.

The blood pressure begins to fall as the compensatory mechanisms
(tachycardia and vasoconstriction) fail and/or the total blood volume
is depleted by about 15-20 per cent of normal. The systolic blood
pressure falls relatively more than the diastolic pressure, causing a
narrowing of the pulse pressure. This accounts for the difficulty in
palpating the pulse in some shocked patients even when the blood
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the peripheral resistance. As cardiac output falls, the blood pressure
falls. Early in shock, peripheral resistance is slightly increased (except
in neurogenic shock), and in the decompensatory phase the pe-
ripheral resistance is progressively decreased. \When hemodilution
occurs as nterstitial fluid shifts into the vascular compartment, de-
creased viscosity of the blood contributes to a decrease in peripheral
resistance  Generally, the function of the heart is not impaired until
the later stages of severe shock. Therefore, measures designed to aid
myocardial function, inc]uding digitalization, are usually ineflective.

Water and electrolyte depletion will produce peripheral vascular
collapse. When injury, operation or hemorrhage is superimposed on
dehydration states, the narrow balance may be upset and result in
severe surgical shock. Although hypopotasserma may appear in the
terminal stages of shock, it is unlikely that potassium plays an im-
portant role in the initiation or progression of the shock state.

It is probable that the adrenal glands do not play a significant
role in the pathogenesis of shock except when a state of adrenal in-
sufficiency exists.

REcOGNITION OF IMPENDING OR ESTABLISHED
SHock STATES

The keynote to the effective treatment of shock is early diagnosis-
It is generally easy to recognize the fully developed picture of shock,
but the same cannot be said of early or compensated shock. Both the
compensatory mechanisms which sustan the patient and the noxious
influences which propagate it during the early phases tend to make
accurate evaluation and prognostication difficult. The clinician must
appreciate the fact that shock is a dynamic, not a static, process. The
patient’s condition is erther getting worse or getting better, never
standing still. The clinical picture may change rapidly, most often
in the direction of deterioration. For this reason, the physician must
take no chances with the patient’s life when the possibility of shock
exists and the signs and symptoms are compatible with early shock.
He must institute appropriate therapy before the situation gets out of
hand. This usually means immediate restoration of the circulating
blood volume by blood transfusions.

The diagnosis of shock is made on the basis of the history and
physical examination (Table 10) and a high index of suspicion in
circumstances where shock 1s likely. The symptoms and signs in the
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Lanonatony Fispves.—The laboratory findings are variable, de-
pending on the cause and duration of shock ns well as on changes
produced by the compensatory mechanisms, In shock due to severe
hemorrliage, there may be no immediate changes in the blood. Several
hours later when hemodilution oceurs, a lowered red cell count, Tow-
ered hematoerit, lowered plasma protein, hyperglycemia, acidosis,
hypochloremia and clevated blood urea nitrogen may be noted. A
polymorphonuclear lenkoey tosis generally appears early.

In shock without blood loss (bums, dehydration, crushing injuries,
peritonitis), hemoconeentration is usual. Blood volume is decreased
due to ECF loss, and blood viscosity is increased. The urine output is
decreased (or absent) and of high specific gmvity but usually contains
no abnormal clements,

Tite: Prevestivee TREATMENT oF SHOCK

It is a truism that cannot be too often repeated, that the best
treatment of shock is its prevention.

In the surgical patient, shock is best averted by recognizing and
correcting, before the operation, those conditions which by summa-
tion lead to shock. Cold, fatigue, pain and anxicty may set the stage
for the shock cycle. Physical and/or physiologic disturbances such as
?ardiomsculnr or pulmonary discases, fluid, clectrolyte and nutritional
imbalances, anemia, hypoproteinemia or blood volume deficiency
c.onmbute to the development of shock. In general, immediate opera-
tion must be avoided in patients exhibiting signs of impending or
established shock except when evsanguinating hemorthage makes
operation to save the lifc imperative.

The shock tendencies of the operative phasc are enhanced by
prolonged and deep anesthesia, extensive dissection with tissue
trauma, fluid loss and exposure, blood loss (which is not replaced),
body heat loss, unusual or strained positions or sudden changes in
position, and impaired ventilation. Most of these factors can be
controlled.

Shock during the postoperative phase commonly is due to un-
recognized or continued blood loss, serious infections (especially
peritonitis}, hepatic or renal failure, fluid or electrolyte deficits :m;:i
pulmonary embolism or coronary thrombosis. While prevention of
these complications is sometimes impossible, much can be done to
decrease the frequency with which they occur.
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early phases will be the manifestations of reduced peripheral blood
flow plus those reactions which are the result of secondary compensa-
tory mechamsms. Later the manifestations are the result of a com-
plete decompensation of the homeostatic mechanisms, which leads
to an irreversible shock phase and death.

From a practical standpoint, irreversibility is related to time and
cellular death. Local areas of cellular death can develop (necrobiosis)
without death of the individual. Irreversible shock is not an end point
which can be determined categorically except when the patient is
dead. For this reason, every reasonable effort must be made to re-
suscitate the shocked patient regardless of the belief that the shock
may be rreversible. Many shock states previously thought to be
irreversible are mow known to be reversible and will respond to
energetic treatment (e g., shock due to sepsis and severe hemorrhage).
This has made certain revisions in the older concepts of irreversibility
necessary.

The symptoms of early shock are: weakness, faintness in the up-
right position, dizziness, dimness of vision, nausea, vomiting, thirst,
apprehensiveness, restlessness and a sense of impending death. The
principal signs are:

Lowerep Broop Pressurc.~Serial blood pressure determinations
are most valuable in assessing the trend. If the systolic blood pressure
is 100 mm. Hg or below for more than an hour in a patient in whom
shock might develop, immediate steps must be taken to restore the
circulating blood volume. As stated earlier, the blood pressure is
often maintained for a time, then falls suddenly and dangerously when
compensation fails. For this reason, blood pressure determinations
alone cannot be regarded as completely reliable in detection of im-
pending shock. The diastolic pressure falls relatively less than the
systolic, and the pulse pressure fs narrowed

IncrEasep Purse Rate.—Although variable, the mate js usually
increased, and the pulse feels “soft” or of poor volume and is “thready.”

Decreasep PEmpHERAL CRcuLATION.—~The extremities are cool
and clammy. The skin 1s ashen or cyanotic. The veins of the hand may
be collapsed and fill slowly when the part is lowered. The capillary
bed (mail beds, lips) also refills slowly when emptied by pressure.

Intpamep CeREBRAL AcTiviry.—~The patient may be dull, apathetic
and insensitive to stimuli. As shock progresses, coma may appear.
Prolonged hypotension and hypoxia sometimes lead to permanent
cerebral damage.
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Lavomatony Fisoines=The laboratory findings are variable, de.
pending on the canse and durtion of shock as well as on changes
produced by the compematary mechaniuns, n shock due to severe
hemorrhage, there may be no immediate changes in the Bload, Several
hours later when hemodilution occurs, a lowered red eell count, Tow-
ered hematoerit, lowered plasma protein, hyperplyeemia, acidonis,
hypochloremia and elevated blood urea nitrogen may be noted. A
polymorphonuclear leukocs tasis generally appears carly.

In shock without blood loss (bums, dehvdrmtion, crushing injrics,
peritonitis), hemoconcentration is usual. Blood volume is decreased
due to ECF loss, and blood visensity is increased. The urine ontput is
deereased (or absent) and of high specific gravity but usually contains
no abnommal clements,

Tug PrivesTive TREATMENT OF SHOCK

It is a troism that cannot be too often repeated, that the best
treatment of shock is its prevention.

In the surgjcal patient, shock is best averted by recognizing and
c.nrrccting, before the operation, those conditions which by summa-
tion lead to shock. Cold, fatigue, pain and anxiety may set the stage
for t?m shock cyele, Physical and/or physiologic disturbances such as
;:[::‘r‘:ln\;)\'asmhr or [?ulmonnry diseases, fluid, electrolyte and nutritional
contrizll;::;ecs’t ofltl;em]ln,' hypoproteinemia or blood volume deficiency
o oy m' (‘C\c]o.pmem-of shock, In general, immediate opera-

must be avoided in patients exhibiting signs of impending or

estabh.shed shock exeept when exsanguinating hemorrhage makes
operation to save the life imperative, )

The shock tendencies o

£ ive > are .
prolonged and deop amcs the operative phase are enhanced by

thesia, extensive dissection with tissue
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bo:mz}l;ef:l]d loss and exposure, blood loss (which is not replaced),

posi)t,ion m‘(‘lss»i““‘;m}ugl or strained positions or sudden changes in
b @ aired ventilation,

controlled. tion. Most of these factors can be

recosg};?:l‘dd;’:mcgo;t}i‘:upgs‘g]pemtivc phase commonly is due to un-
peritonitis), hents oe ood. lass, serious infections (especially
PUImonary’emlI))olism r renal failure, fluid or clectrolyte deficits and
these complicati ! or COT(')nary thrombosis  While prevention of

plications is sometimes impossible, much can be done to

decrease the frequency with which they occur.
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The prevention or amelioration of shock in the patient who has
suffered serious injury is accomplished by attention to certain details
and an appreciation of the priorities in treatment:

1. Examine the patient carefully for possible injuries beyond
those which are obvious. Keep the patient under continuous
observation.

. Establish and maintain the airway, if it is obstructed.

. In suspected, impending or established shock, institute appro-
priate measures (see below) immediately/

. Immobilize fractures.

. Protect the patient from exposure and fatigue.

. Relieve pain and restlessness.

(A

o Ut

TuE DerFINITIVE TREATMENT OF SHOCK

Shock is always an emergency condition. Successful treatment
depends largely upon restoration of the circulating blood volume be-
fore irreversible tissue changes develop, Following injury and/or
hemorrhage, there are other important jtems in shock treatment, but
restoration of the blood volume is basic.

The essential points in treatment are:

. Arrest hemorrhage if possible.

Maintain an open airway and adequate ventilation,

. Restore the circulating blood volume.

. Place the patient in the shock position, i.e., with the foot of the
bed or stretcher elevated (about 10 in.) unless head or chest
injuries contraindicate this position.

. Keep the patient warm but do not overheat.

Relieve pain with opiates and anxiety with sedatives.

. Do not begin anesthesia or operative treatment during the
shock state unless required as a resuscitative measure.

Nature aids the physician in the control of hemorrhage—by means
of a decrease in bleeding from fall in blo6d pressure, the contrac-
tion and retraction of divided vessels, the tamponade effect of hema-
toma formation and the increased tendency to blood plotting which
follows injury. The physician can aid hemostasis by pressure, eleva-
tion of the part, ligation of vedsels and use of a tonrpiquet. The latter
rarely is necessary and, improperly used, is a dangerous device.

Generally, matched whole blood should be used for correction of
the blood volume deficit. Blood for cross-matching and typing should

Ba 03 10
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be obtained as soon as possible and, if necessary, plasma expanders
or less effective saline or crystalloid solutions started in the interim.
Saline or glucose solutions will often sustain the patient for bricf
periods until blood is available. If shock is due to loss of body fluid
as well as blood, suitable repair solutions must be administered in
addition to blood. The aim is to give the type and amount of fluid
necessary to restore deficits.

Patients who have been injured and show signs of impending
shock will usually require at least 500-1,000 ml. of blood. Paticnts who
exhibit signs of carly shock will require 1,000-1,500 ml. or more, and
patients who show signs of established shoch and an absent ausculta-
tory blood pressure will require a minimum of 2,000 ml. (4 or more
units) of blood rapidly. The rate and amount of blood required may
be gauged by the response to transfusions. The initial 500 ml. can
be given rapidly (five to ten minutes), then the second and third
bottles should be given slower, or at a rate of about 500 ml. in thirty
minutes. The common error is to underestimate the need for blood and
to undertransfuse the patient. It is best to administer an extra 500 ml.
after the patient’s condition has become stabilized and signs of shock
have cleared. The danger of cardiovascular overloading must be kept
in mind (in the case of the very young, very old and those with cardio-
pulmonary injury or discase). Circulatory overloading should be
suspected if there is evidence of mcreased venous pressure and pul-
monary congestion.

The need for an open ainvay and good ventilation should be
obvious. Hyposia from whatever cause aggravates shock. Following
thoracic injury therc may be serious ventilatory impairment due to
prneumothorax, hemothorax, “stove-in” chest, sucking wounds, ete.
Immediate attention must be directed toward improving ventilation.
In these situations, oxygen therapy will serve to decrease the adverse
influence of ventilatory insufficiency; but when the ventilatory mech-
anism is normal, oxygen therapy is generally ineffective because tissue
anoxia 1s the result of stagnation of the circulation (stagnant anoxia )
rather than of decreased oxygen in the blood (anovic anoxia),

The patient should be kept supine in the “shock” position. This
position is conducive to improvement in the circulation to the vital
medullary centers and to more efficient return of blood from the de-
pendent portions of the body. The shock position is contraindicated,
however, 1n patien'ts with head or thoracic injuries. In the former, ig
leads to mcreased intracranial bleeding; and in the latter, to increased
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respiratory embarrassment. Patients in whom a Jow Jevel of responsive-
ness or coma exists should be kept in a lateral position to avoid
aspiration of secretions or vomitus.

The shocked patient should be covered with blankets to con-
serve body heat, but external heat is generally contraindicated. Over-
heating is to be avoided because it produces cutaneous vasodilatation
and thus deprives the vital organs of their share of an already lowered
blood supply, ncreases local metabolism and introduces the hazard of
thermal burns in patients whose sensorium is dulled by shock.

Morphine is not a corrective for shock and should not be given
as a routine It is indicated for pam only and is contraindicated for
patients with head or undiagnosed abdominal injuries. Frightened or
apprehensive patients should be given sedatiyes rather than opiates.
Stuporous or comatose patients need neither opiates nor sedatives, and
none should be given. When these drugs are required, they are best
given n small and, if necessary, repeated doses intravenously. In
shock, there 1s, understandably, poor absorption of drugs deposited
erther subcutaneously or intramuscularly. When large doses of drugs
are given by these routes to shocked patients, rapid absorption and
drug intoxication may result on recovery.

The shocked patient should be placed at complete rest. When
fractures or extensive soft-tissue injuries exist, splinting or immobiliza-
tion is essential. The important considerations in this respect are
described in Chapter 29, on Fractures.

The stimulants caffeine, Coramine,® camphor, etc., have no place
in the modern-day shock treatment. The oral mtake of coffee or warm
liquids is permissible provided that injury to the gash’ointeslina] tract
is not suspected and operation is not an immediate prospect.

In the absence of adrenal insufficiency, cortisone or ACTH are
not helpful. If the patient has had a protracted illness or has been
subjected to repeated stresses, the possibility of adrenal corticoid de-
pletion must be considered, and in some instances hormone replace-
ment therapy will be necessary.

The yascpressors_also have a limited role in the treatment of
shock. They may be used in special instances, e.g., in the neurogenic
reaction which follows spinal anesthetic. Their administration in other
types of shock, and especially traumatic shock, should be limited to
those patients who have received adequate blood replacement, who
are not losing blood or other fluid and who have failed to respond
or are in “irreversible” shock. The drugs commonly used are Neo-
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synephrine® and nor-cpinephrine, which may be given by continuous-
drip infusion. The dosage is regulated according to the response of
the paticnt, In some individuals, rapid digitalization with one of the
several intravenous preparations may be indicated if signs of cardiac
failure appear.

HEMORRHAGE

With onset of hemorrhage, local mechanisms respond to effect
hemostasis (literally “bload halt™). If blood flow is not stayed shortly,
systemic reactions occur which maintain homeostasis of the organism ( .
while at the same time augmenting hemostasis locally.

The principal local hemostatic mechanisms are represented by | -
clot formation, contraction and retraction of the damaged vessel and
development of increased regional tension as a result of extravasation
of blood.

With hemorrhage, blood is exposed to injured tissue, which,
causes liberation of thrombaplastin from the tissue and blood p]ntc]cls‘,‘i _
and the clotting process begins (Fig. 18). Thromboplastin and pro--
thrombin (plasma), in the presence of ionic caleium, interact to
form thrombin. Thrombin then quickly interacts with fibrinogen
(plasma) to cause precipitation of fibrin. Fibrin appears in the form of
a network of long threads or strands which entrap platelets, eryth-
rocytes and leukocytes, thus producing a blood clot. This sketchy
outline of a series of complicated physicochemical reactions omits
mention of various co-factors and naturally occurring countermech-
anisms.

As blood leaves the opened vessel, the intraluminal pressure
falls, If the vessel has been completely divided, the ends will rctm&; >
and contract, and the intima will curl inward. Blood flow through {
the vessel is diverted through neighboring channels and flow is de-
creased through the injured vessel. All of these changes favor platelet
massing and clot formation.

Extravascular changes are the result of blood collecting in the'v
tissues. External compression of the bleeding vessel is effected as the
relative pressures inside and outside the vessel are altered. When
bleeding from an artery (high pressure) occurs into the subcutaneous
tissues (low tissue tension), extravasation will be great before ex-
ternal pressure exceeds internal (intravascular) pressure and bleeding
stops. On the other hand, when bleeding occurs from a vein, the
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evternal pressure required to stop the flow of blood will be much
Jess because the relative tensions are more nearly equal. When bleed-
ing accurs directly from the mouth of a divided vessel to the esterior,
then tissue tension is not involved, there is no compression and
Dleeding will not ccase until other hemostatie forces stanch the flow.
The situation also obtains when the injured vessel communicates with
any of the body cavitics (e.g., alimentary tract, lung, bladder, cte.).
If Jocal changes about the vessel, or changes in the vessel wall (scar-
ring, arteriosclerosis, etc.) prevent retraction and contraction, bleed-
ing may be profuse and prolonged. On the other hand, when bleeding
occurs into a closed space, counterresistance which develops as ex-
travasation progresses will vary according to the characteristics of
the compressed tissues. Thus, bleeding into a joint will cease when
the joint space is filled; but bleeding into the cranium may continuc
and the patient may dic of cerebrl compression before bleeding
has stopped.

Immobilization incident to injury also favors hemostasis. Pain,
shock, weakness, muscle spasm and even the unconscious state may
serve to decrepse blood flow and blood loss.

The systemic responses to significant blood loss are similar tc
those of surgical shock. A reduction in the circulating bloed volume
and hypotension activates compensatory physiologic mechanisms,
There is vasoconstriction in the nonvital arcas of the body (skin,
mucous membranes and splinchnic arcas) which effects a reduction
in the capacity of the vascular bed and a redistribution of blood sc
that the vital organs (brain and heart) are well supplied with oxygen,
The carohd sinus and aortic arch reflexes are activated by hypoten.
sion, and the carotid and aortic body chemoreceptors are activated by
anoxia, resulting in an increase in heart rate and an increase in rate
and depth of respiration. The spleen contracts and an extra quota o
blood is discharged into the circulation. In severe hemorrhage the
clotting mechanism is accelerated and the clotting time is shortened

The delayed response to hemorrhage is the mending process
Actually, it begins immediately after blood has been lost. First, bloocd
volume is restored by a process of hemodilution, as fluid shifts from the
tissue spaces and cells into the vascular compartment. The blood
cellular and protein concentrations are thereby reduced. Proteir
stores of the body are mobilized to reconstitute Jost plasma proteins;
and later, blood cellular elements are restored through increased
hemopoiesis The rapidity of repair depends, to a large extent, on the
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magnitude of the deficits and the nutritional state and dietary intake
of the patient.

SyMrTOMS AND SIGNS

Hemorrhage may result from arterial, venous or capillary injury.
Arterial bleeding is brisk, spurting and pulsatile; the blood is bright
red Venous bleeding is less vigorous, under Jower pressure and non-
pulsatile; the blood is dark red. Capillary hemorrhage is manifested by
a continuous oozing.

Blood loss may be of minor, major or massive praportions. In the
healthy person, sudden losses in the range of 700 ml. (about 14 per
cent of total blood volume) usually produce no serious sequelac.
Losses up to about 1,500 ml., or 30 per cent of the total blood volume,
are dangerous to life but may usually be tolerated without trans-
fusions. Losses in excess of 1,500 ml. are likely to be fatal unless
transfusions are given.

Blood volume is proportional to total body water and lean-body
mass. The total body water varies directly with the lean-body mass
and indirectly with the body fat, Fat stores contain little water and
are quite inactive metabolically. The very lean person in health has
relatively more total body fluid (and total blood volume) than the
very obese person. The healthy person of average obesity has about
85 ml. of blood per kilogram of body weight. In the very obese person,
the figure may be 60 ml./kg. and in the very lean person 100 ml./kg

Estimated blood loss of 30 per cent in a 60 kg. person of average
obesity would be:

60 kg, X 85 ml. X 30% = 1,530 ml. blood loss

Bleeding may be external or internal; ic., blood may appear on
the surface of the body or blood may accumulate within the body. In
external hemorrhage the source of bleeding and its magnitude is often
apparent. Internal hemorrhage may be difficult to recognize, localize
and quantitate. Internal hemorrhage after trauma or operation may
often be suspected, but spontancous and concealed hemorrhage 1s 2
different matter and may not be suspected until signs of severe blood
loss develop (e.g., ruptured ectopic pregnancy ).

The complications which may result from hemorrhage and treat-
ment of hemorrhagc are numerous. Injury to important blood vessels,
either from the original trauma or incidental to attempts to control
blood loss, may compromise the peripheral circulation and the viabil-
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ity of distal strictures {e.g., laceration of the popliteal artery and/or
prolonged application of a tourniquet wsually leads to gangrene of
the leg). Pressure from an enlarging hematoma may produce vessel
and nerve damage; o in the chest, may lead to decreased pulmonary
function, cardiac tamponade, cte. Hematomas, per se, predispose to
infection, soft-tissue ealcification or assification. Bloox! transfusion
jtsclf may lead to complications more serious than those resulting
from blood loss.

The signs of hemorthage, besides the appearance of gross or
changed blood, are:

1. Restlessness and apprehiension

2, Pallor of the skin and mucous membranes

3. Cold moist skin

4. Thirst

5. Decp sighing, respirations (air hunger)

6. Full bounding pulse, early, then “thready™ pulse

7. Tachyeardia which may be uncxplained (a valuable sign of

concealed hemorrhage) i
8. Delayed signs: hypotension, deerease in hemoglobin, red cell
and hematocerit values and the full-blown picture of shock

TrEATMENT

Bleeding of minor degree usually ceases spontancously if the
hemostatic mechanisms are normal. The normal response is facilitated
by elevation, external compression, alteration of local temperature
{cold or heat), rest and time,

Active bleeding requires active treatment. The local measures
available for staying hemorthage include: ligation, cautegization, tam-
p.onade (packipg), application of yasoconstrictors (usually epincph-
rine) and introduction of hemostatic_substances. The hemostatic
substfances available are: thrombin, fibrin, ﬁbrinogcn, thromboplastin,
gelahf\ sponges and oxidized cellulose. Tourniquets should be usc(i
o;lﬂy in case qf emergency and should never be left in place longer
:f e:‘r;egx;;y minutes without releasing them. They may be reapplied

A.II direct measures, including ligation, should be carried out under
aseptic conditions, if possible. The chances of a complicating wound
infection are multiplied when this rule is violated. H;Jwe\'cgr if ex-
sanguinating hemorrhage exists, one cannot delay trea\mer;l. and
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magnitude of the deficits and the nutritional state and dietary intake
of the patient.

SyMPTOMS AND SIGNS

Hemorrhage may result from arterial, venous or capillary injury.
Arterial bleeding is brisk, spurting and pulsatile, the blood is bright
red. Venous bleeding is less vigorous, under lower pressure and non-
pulsatile, the blood is dark red. Capillary hemorrhage is manifested by
a continuous oozing.

Blood loss may be of minor, major or massive proportions. In the
healthy person, sudden losses in the range of 700 ml. (about 14 per
cent of total blood volume) usually produce no serious sequelae.
Losses up to about 1,500 ml., or 30 per cent of the total blood volume,
are dangerous to life but may usually be tolerated without trans-
fusions. Losses in excess of 1,500 ml. are likely to be fatal unless
transfusions are given.

Blood volume is proportional to total body water and lean-body
mass. The total body water varies directly with the lean-body mass
and indirectly with the body fat. Fat stores contain little water and
are quite inactive metabolically. The very lean person in health has
relatively more total body fluid (and total blood volume) than the
very obese person. The healthy person of average obesity has about
85 ml of blood per kilogram of body weight. In the very obese person,
the figure may be 60 ml /kg. and in the very lean person 100 ml./kg.

Estimated blood loss of 30 per cent in a 60 kg. person of average
obesity would be.

60 kg % 85 ml. x 30% = 1,530 ml. blood loss

Bleeding may be external or internal; i.e., blood may appear on
the surface of the body or blood may accumulate within the body. In
external hemorrhage the source of bleeding and its magnitude is often
apparent. Internal hemorrhage may be difficult to recognize, localize
and quantitate. Internal hemorrhage after trauma or operation may
often be suspected, but spontaneous and concealed hemorrhage is a
different matter and may not be suspected until signs of severe blood
loss develop (e.g., ruptured ectopic pregnancy ).

The complications which may result from hemorrhage and treat-
ment of hemorrhage are numerous. Injury to important blood vessels,
either from the original trauma or incidental to attempts to control
blood loss, may compromise the peripheral circulation and the viabil-
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ity of distal structures {e.g., laceration of the popliteal artery and/or
prolonged application of a tourniquet usually leads to gangrenc of
the leg). Pressure from an enlarging hematoma may produce vessel
and nerve damage; or in the chest, may lead to decreased pulmonary
function, cardiac tamponade, ete. Hematomas, per se, predispose to
infection, soft-tissue calcification or ossification. Blood transfusion
itself may lead to complications more serious than those resulting
from blood loss.

The signs of hemorrhage, besides the appearance of gross or
changed blood, are:

1. Restl and apprel

2, Pallor of the skin and mucous membranes

3. Cold moist skin

4. Thirst
5. Deep sighing respirations (air hunger)
6. Full bounding pulse, carly, then “thready” pulse
7. Tachycardia which may be unexplained (a valuable sign of

concealed hemorrhage)
8. Delayed signs: hypotension, decrease in hemoglobin, red cell
and hematocrit values and the full-blown picture of shock

TREATMENT

Bleeding of minor degree usually ceases spontanecusly if the
hemostatic mechanisms are normal. The normal response is facilitated
by elevation, external compression, alteration of local temperature
(cold or heat), rest and time.

Active bleeding requires active treatment. The local measures
available for staying hemorrhage include: ligation, cauterization, tam-
ponade (packing), application of yasoconstrictors (usually epi,ncph-
rine) and introduction of hemostatic_substances. The hemostatic
substances available are: thrombin, fibrin, fibrinogen, thromboplastin
gelatin sponges and oxidized cellulose. Toumiq\xe{s, should b[; useé
only in case of emergency and should never be left in place longer

than thirty minutes with . :
it needefit,y inutes without releasing them. They may be reapplied

All direct measures, including ligation, should be carried out under
'tlsepu'c conditions, if possible. The chances of a complicating wound
infection are multiplied when this rule is violated. H.owevegr if ex-
sanguinating hemorr}mge exists, one cannot dela;r t:eatmer;t ar;d



136 FUNDAMENTALS OF GENERAL SURGERY

“clean surgical care,” rather than aseptic care, must be acceptable.
The primary consideration must always be to save life.

After hemorrhage has been controlled, or concurrent with at-
tempts at control, appropriate measures must be instituted to avert
or treat shock. In the presence of internal hemorrhage it often is ad-
visable to reverse this order; that is, first the circulatory deficit is cor-
rected by transfusioh, then direct control of bleedingfs achieved by
operation (e.g., bleeding peptic ulcer). The timing of the operation
obviously 1s of critical importance.

Broop TrANSFUSION

Blood transfusion is indieatedy if ble6d loss has been sufficient to
produce a reduction 1n the effective circulating blood volume. Whole
blood must be given promptly and in amounts sufficient to correct the
phystologic deficit. Therapeutically, with the exception of arrest of
hemorrhage and maintenance of respiration, blood replacement has
highest prionity.

There are no satisfactory substitutes for blood, although several
“blood substitutes” are available. None of the substitutes contain ele-
ments of the same particle size or specialized functions of the red
blood cell. Volume for volume, blood preduces a more lasting increase
in the mtravascular mass because it is not exchanged in other com-
partments.

The amount of blood needed can be judged on the basis of the
history of blood loss, evidence of gross bleeding, size of the wound,
general appearance of the patient and the blood pressure. In the
period immediately following hemorrhage there is little to be gained
from laboratory studies

After severe hemorrhage the approximate blood requirements of
an average patient are:

Impending shock—marginal systolic pressure 500-1,000 ml

Established signs of mld shock—systolic pressure

90 mm Hg or below 1,000-1,500 ml or more

Established severe shock—systolic pressure un-

obtainable 2,000 ml. or more

Blood should be given rapidly at first (500 ml. in thirty minutes or
less) in order to bring the systolic pressure up to low normal (about
100 mm. Hg). As soon as this has been accomplished, the rate may
be decreased. Although complete blood replacement is not immediately
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necessary, sufficient blood must be given to effect a good clinical re-
sponse. If the response is unsatisfactory, the reason or reasons for
failure must be determined and corrected.

1. Is there concealed continued blood loss or an overlooked cause

for shock?

2, Has blood replacement been inadequate? Blood losses generally

are underestimated.

3. Has too much blood been given? The patient with marginal

cardiac compensation is “overloaded” easily.

4. Is there primary cardiac failure on the basis of pre-existing
myocardial disease?

Is there failure of peripheral resistance? Loss of vasomotor tone
ocecurs in advanced (“irreversible™) shock.

Serious transfusion reactions occur despite special precautions
to avert them. Many such reactions are due to human errors in label-
ing, cross-matching, interpretation, administration, ctc,, which are
difficult to control; but others are easily avoided.

1. Do not use Group IV blood (“universal donor™) unless it has

been cross-matched with the patient’s blood.

2. Do not transfuse an Rh negative patient with Rh positive

blood, except in an emergency.
3. Administer the first 50-100 ml. of blood slowly (if possible) and
watch for any immediate reaction. If a reaction occurs, dis-
continue the transfusion, Serious complications are unlikely
from a small amount of blood.
Be sure that the patient reccives the right blood. This state-
ment may appear superfluous, but experience has taught other-
wise. Patients have died from understandable, but usually
mexcusable, errors. The physician must exercise constant vigi-
lance to see that no harm comes to his patient.

@

&~

TrANSFUSION REACTIONS

PyroceN.—Chills and fever appear shortly after the transfusion is
begun They are never fatal. They often may be avoided by Hushing
the intravenous tubing with pyrogen-free saline solution before start-
ing the transfusion, Calcium gluconate (10 ml. of a 10 per cent solu-
tion IV) and, if necessary, an opiate will help.

_ Usmicaniar.—Hives or angioneurotic edema may develop. Admin-
istration of epinephrine, calcium gluconate and antihistaminics s
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mdicated according to the severity of the reaction. If edema of the
glottis develops, tracheotomy must be considered.

CircuraTony OverLoap.—Probably the most common cause of
death from infusion or transfusion js circulatory overload. The re-
action may be countered by applying tourniquets to the extremities
to decrease venous return to the heart (both a diagnostic and first-aid
measure ), oxygen therapy and venesection.

Hextoryric.—Chills, fever and severe pains in the back, flanks
and substernal region occur soon after transfusion is begun. The urine
will contain hemoglobin, and oliguria or anuria will develop Jaundice
may appear in about twelve hours. Therapy includes stopping the
transfusion, treatment of shock with properly matched blood and
management of the acute renal insufficiency if it develops.

Senuyt Sicrness.—Fever, lymphadenopathy with splenomegaly,
backache, joint pain and stiffness may appear a week or two after trans-
fusion. The reaction is always delayed and never fatal. Calcium
gluconate (intravenously), antihistaminmics and cortisone are beneficial.

BLoob DERIVATIVES AND PLASMA EXPANDERS
(BLoOD SUBSTITUTES)

Blood plasma, lIyophilized plasma and human serum albumin are
used to effect an increase in the total blood volume and to restore
osmotic tension They do not dircetly influence the oxygen-carrying
capacity of the blood. The protein of these blood derivatives 1s not
used for protein synthesis, and for this reason they have little place
in the treatment of malnutrition. Fresh plasma or frozen plasma pre-
pared from fresh blood contains prothrombin, complement and anti-
hemophiliac globulin  Stored plasma and plasma prepared from
outdated blood are low in these substances. A most serious objection
to pooled plasma, which was used liberally during World War 11, is
the high incidence of homologous serum jaundice. Since then, the
incidence of this comphcation has decrcased, chiefly as a result of
more careful selection of donors and special processing of the plasma.
It 1s still advisable to reserve pooled plasma for emergency use only.

Concentrated salt-poor human serum albumin is an effective sub-
stitute for pooled plasma. It may be used in acute oligemic shock
when whole blood is not available. 1t is a valuable physiologic hyper-
osmotic solution for the reduction of edema (pulmonary edema, cere-
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bral edema) and is sometimes given for the rapid correction of
nutritional hypoalbuminemia. Scrum albumin is expensive, and its
action is of short duration.

Plasma expanders are substances which, when infused into a
patient in shock, will temporarily increase the blood volume. They may
be used to tide the patient over until more appropriate replacement
therapy can be given or until the patient is able, through normal re-
sponses, to restore the depleted blood volume. The importance of
these substances in the event of total warfare is obvious, and for
several years they have been stockpiled by the government. In civilian
practice they constitute an important jtem in the physician’s emergency
kit, in the accident room, in the first-aid station and also in the operat-
ing room. These preparations can be easily stored and quickly admin-
istered should an emergency arise.

Many plasma expanders have been investigated, but only a few
have proved acceptable. Of these, dextran, polyvinylpyrrolidone
(PVP) and gelatin are most promising.

Dextran is a polysaccharide produced by bacterial fermentation of
sucrose. It is made up in 6 per cent concentration in saline solution
and has approximately the viscosity of plasma. It is an efficient plasma
expander. Dextran is excreted mainly through the urine. There are no
serious side reactions to its use, but difficulties in blood typing have
accasionally been noted. For this reason, if blood is to be given
following dextran, a sample of the patient’s blood should be obtained
for typing and cross-matching before starting dextran. ’

Polyvinylpyrrolidone is a synthetic water-soluble substance made
from a mixture of acetylene, ammomnia and furmaldehyde. It was first
used by the German Army in World War IL It effectively increases
and maintains the blood volume of shocked patients. About 50 per
cent is excreted in the urine during the first day, and smaller amounts
for an indefinite period. It is possible that PVP is stored in the tissues
especially the liver and spleen, for long periods. Whether this i
harmful has not been established.

G'elatin was first used in the treatment of shock forty years ago.
,Dcsplte, many improvements in the preparation of this substance,
it is still not an entirely satisfactory plasma expander. One serious
disadvantage of the usual gelatin solution has been that it is a gel

at room temperature. Certain modified forms (ovypolygelatin etc.)
appear more promising, ’
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indicated according to the severity of the reaction. If edema of the
glottis develops, tracheotomy must be considered.

Circuratony OverLoap —Probably the most common cause of
death from infusion or transfusion is circulatory overload. The re-
action may be countered by applying tourniquets to the extremities
to decrease venous return to the heart (both a diagnostic and first-aid
measure), oxygen therapy and venescction.

Hexovyric—Chills, fever and severe pains in the back, flanks
and substernal region ocecur soon after transfusion is begun. The urine
will contain hemoglobin, and oliguria or anuria will develop. Jaundice
may appear n about twelve hours. Therapy includes stopping the
transfusion, treatment of shock with properly matched blood and
management of the acute renal insufficiency if it develops.

Serua Sicxness.—Fever, lymphadenopathy with splenomegaly,
backache, joint pain and stiffness may appear a week or two after trans-
fusion. The reaction is always delayed and never fatal. Calcium
gluconate ( mtravenously ), antihistaminics and cortisone are beneficial.

Broop DerivAaTIVES AND PLASMA EXPANDERS
(BLoOD SUBSTITUTES)

Blood plasma, Iyophilized plasma and human serum albumin are
used to effect an increase in the total blood volume and to restore
osmotic tension. They do not directly influence the oxygen-carrying
capacity of the blood. The protein of these blood derivatives is not
used for protein synthesis, and for this reason they have little place
in the treatment of malnutrition. Fresh plasma or frozen plasma pre-
pared from fresh blood contains prothrombin, complement and anti-
hemophiliac globulin. Stored plasma and plasma prepared from
outdated blood are low in these substances A most serious objection
to pooled plasma, which was used liberally during World War II, is
the high incidence of homologous serum jaundice. Since then, the
incidence of this complication has decreased, chiefly as a result of
more careful selection of donors and special processing of the plasma.
1t is still advisable to reserve pooled plasma for emergency use only

Concentrated salt-poor human serum albumin js an effective sub-
stitute for pooled plasma. It may be used in acute oligemic shock
when whole blood is not available. It is a valuable physiologic hyper-
osmotic solution for the reduction of edema (pulmonary edema, cere-



CHAPTER 7

Surgical Infections and
Their Treatment

SURGICAL INFECTIONS

SURGICAL INFECTIONS encompass a broad span
of conditions that are due to micro-organisms. They may result from a
single species (monomicrobic infection) or from a mixed bacterial
population (polymicrobic infection). The infection may be acute,
subacute or chronic, according to the offending organism, the response
of the host tissues and the clinical course. Most surgical infections
are characterized by a local inflammatory response with destruction
of tissue. The infection may take ane of two clinical forms: invasive
infection, which results from growth and spreading of organisms into
the tissues, where they produce local and often systemic effects; and
noninvasive infection (wound suppuration), in which case there is
surface growth of bacteria without extension beyond the limits of
the wound.

The local breakdown of tissue and the formation of an inflamma-
tory exudate may lead to an abscess and an accumulation of pus. Re-
covery usually follows resorption of the exudate or external drainage,
either spontaneous or surgical, The scarring produced depends upon
the intensity of the inflammatory reaction and the extent of tissue
destruction. Surgical infection usually follows a break in the continuity
‘_’f the covering tissues, which permits entrance of pathogenic organ-
isms. Diseases such as diabetes, arteriosclerosis and malnutrition often
impair the natural defenses to infection and hence increase somewhat
the virulence of the pathogen.

In contrast with surgical infections, medical infections are usually

141
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granulating wounds, such as those resulting from burns. Its presence
is denated by the characteristic bluc-green pus which it evokes.

A mixed bacterial flora may result in invasive or noninvasive in-
fection according to the predominant organisms, the Jocal conditions
in the wound and the response of the host. Wounds originally con-
taminated with a single pathogen are often cross-contaminated as a
result of carcless or improper handling. The need for asepsis and
clean surgical care (“aseptic conscience”) in wound management
should be obvious.

Oceasionally in polymicrobic infections the virulence of one or
more of the organisms present in the wound is enhanced as a result
of bacterial synergism. For example, in postoperative progressive
bacterial synergistic gangrene, the combined effects of nonhemolytic
micro-aerophilic streptococei and staphylococei results in an obstinate,
spreading gangrene which cannot be produced by either pathogen
alone

Although, ideally, a precise bacteriologic diagnosis is desirable
in every infection, this is not always necessary or practicable. Often
such studies are time consuming and costly; and the information re-
quired for treatment can be derived from observing the local reaction,
the type of exudate and studying a simple Gram-stained smear of the
pus. When the infection promises to be severe, protracted or resistant
to treatment, both aerobic and anaerobic cultures should be made,
the organisms should be identified and in vitro sensitivity tests run to
determine the most effective antibiotic agent or agents.

RESPONSE TO INFECTION

The phenomenon of tissue reaction to injury which is called
inflammation (Fig, 19) may be induced by pathogenic bacteria or
may result from physical, chemical or ischemic injury. If it develops
in the absence of bacteria, it 1s called a sterile inflammation. If it is
produced by bacteria, 1t is called a septic inflammation. The local and
systemic reaction to injury 1s essentially similar, regardless of the
nature of the agency evoking the reaction. In surgical infections, the
changes evoked locally by the invasion or surface growth of micro-
organisms require the most attention.

Inflammation is a purposeful reaction designed to localize, destro
and remove the irritant agent. The gross changes in the tissue induceg
by inflammation described centuries ago by Celsus consist of heat.
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monomicrobic, produce little or no tissue necrosis and excite a maximal
systemic response, including an immune reaction. They are generally
not localized and not amenable to surgical measures.

The orgamsms most commonly encountered in surgical infections
include.

1. Pyogenic wnvasive organisms

Staphylococei, especially Micrococcus pyogenes. This common ot-
fender 1s capable of producing infection in all tissues of the body. It
is a pathogen largely responsible for furuncle, carbuncle, paronychia,
felon, osteomyelitis and a host of other conditions. The exudate pro-
duced is characteristically thick and creamy and has a yellow or off-
whte color.

Streptococei (hemolytic, nonhemolytic, aerobic, micro-aerophilic ana-
erobic), Local infections, which usually result from the Group A
hemolytic strains, are common in the upper respiratory passages
and are easily transmitted to wounds by careless handling. These
infections may take a variety of clinical forms, including cellultis,
gangrene, lymphangitis, abscess, bacteremia and septicema. The
exudate 1s generally thin, watery and yellowish or slightly green in
color.

2. Less common pyogenic organisms

Dip} {P and Hemophilus infl ). These organ-
isms are mfrequently found n pure culture. They may produce
pneumonitis or pneumonia, and sometimes they invade the pleura

or peritoneum.

3. Anaerobic spore-forming organisms
The clostridial nfections mclude, tetanus (Clostndiim tetani),
clostridial myositis and anaerobic cellulitis. Clostridium perfringens
(welchii) 1s the most common of the pathogens producing clostndial
myositis and anaerobie cellulitis. Less frequent offenders include
C. novyi, C septicum, C. hifermentans (sordelli), C. sporogenes,
and C. histolyticum. Growth and extension of these orgamisms 15
aided by anaerobic conditions (reduced oxygen tension), foreign
Ybodies, dirt, necrotic tissue and ischemia.
4 Organi: ident in the gastr inal tract
Enterococa (strep ) is the predomi pathogen, but a com-~
bmation of organisms 1s encountered These may include Escher-
ichia coli, Aerobacter a Pseud aerugit Proteus
vulgaris, Klebstella pneumoniae, Alcaligenes faecalis and the para-
colon bacillh Staphylococei and strains of streptococei may also
appear.
Eschenchia coli frequently appears in mixed infections, espe-
cially of the urinary tract. Pseudomonas aeruginosa has a low patho-
genicity but a high nuisance value and is a common contaminant of
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granulating wounds, such as those resulting from bums. Its presence
is denoted by the characteristic blue-green pus which it cvokes.

A mixed bacterial flora may result in invasive or noninvasive in-
fection according to the predominant organisms, the local cenditions
in the wound and the response of the host. Wounds originally con-
taminated with a single pathogen arc often cross-contaminated as a
result of carcless or improper handling. The need for asepsis and
clean surgical care (“aseptic conscience™) in wound management
should be obvious.

Oceasionally in polymicrobic infections the virulence of one or
more of the organisms present in the wound is enhanced as a result
of bacterial synergism. For example, in posteperative progressive
bacterial synergistic gangrene, the combined cffects of nonhemolytic
micro-aerophilic streptococei and staphylococei results in an obstinate,
spreading gangrene which cannot be produced by either pathogen
alone.

Although, ideally, a precise bacteriologic diagnosis is desirable
in every infection, this is not always nccessary or practicable. Often
such studies are time consuming and costly; and the information re-
quired for treatment can be derived from ebserving the local reaction,
the type of exudate and studying a simple Gram-stained smear of the
pus. When the infection promises to be severe, protracted or resistant
to treatment, both aerobic and anacrobic cultures should be made,
the organisms should be identified and in vitro sensitivity tests run to
determine the most effective antibiotic agent or agents.

RESPONSE TO INFECTION

) The phenomenon of tissue reaction to injury which is called
inflammation (Fig. 19) may be induced by pathogenic bacteria or
may result from physical, chemical or ischemic injury. If it develops
in the absence of bacteria, it is called a sterile inflammation. If it is
produced by bacteria, it is called a septic inflammation. The local and
systemic reaction to injury is essentially similar, regardless of the
nature of the agency evoking the reaction. In surgical infections, the
Chang.es evoked locally by the invasion or surface growth of m,icro-
organisms require the most attention.
Inflammation is a purposeful reaction designed to localize, destroy
:nd'remove t}}e irrtant agent. The gross changes in the tissue induced
y inflammation described centuries ago by Celsus consist of heat,
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pain, swelling and redness (calor, dolor, tumor and rubor). John
Hunter added a fifth sign, impaired function.

Changes which follow the introduction of irritant substances
(bacterial or otherwise) into the tissues involve vascular, cellular,
humoral, neural and chemical responses, First there is injury to the
cellular membrane, which results in fluid leaking out of the injured
cells and out of the damaged capillaries into the intercellular space.
The fluid which escapes into the tissues is called an exudate. It will
vary in quantity, consistency and composition according to the incit-

INJURY ~-- JErvous R __ o yASOCONSTRICTION

Cell disruption

Vosodilatetion and congestion

. Increased capillary permeability
Leukocytes cling to capillary wall
Fluid leaves the capitlaries

. Fibrinogen 1s converted fo fibnin
by contact with injured tissue;
this walls off the site of irnta-
tion and produces lymphatic

R *x clothing

6. Under chemotactic influence of
leukotoxine, polymorphonuclear
leukocytes leave the copitlaries
ond phagocytize theirritating

*®  Produces further cell injury ond agent

bossibly aids n the precipitation of fibrin

#W_Stimulates bone marraw 1o release

increased number of leukocytes mto
peripberal blood

AW -

Fic 19 —Local response 1 inflammation. { Aftcr Menkin, Redrawn from Scope,
no 4, July, 1943, p 3, courtesy of the Upjohn Company. )

ing agent, the tissue reaction and the time interval. If it is composed
primanly of fluid from injured cells and blood and is relatively low
in admiced cells, it is called a serous exudate. If it contains many
erythrocytes, it is lwmarrhngic; if it is filled with dead and disintegrat-
ing leukocytes, it is purulent, and if it contains a high admixture of
fibnin in a purulent exudate, it is fibrinopurulent.

In inflammation there always is a disturbance in the normal
mechanisms of fluid exchange The pressure gradient going from
artery to vein nereases, resulting in progressive loss of protein along
the course of the vessel. The permeability gradient also increases,
as demonstrated by the greater tendency of dyes to penetrate the
capillary endothelium at the venous end as the vascular gradient in-
creases. The increased capillary permeability was originally considered
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due to liberation of histamine, but Menkin has ascribed it to a sub-
stance called “leukotaxine.” This substance also has to do with diape-
desis of leukocytes through the capillary wall.

Normally, leukocytes flow in the axial stream~that is, in the center
of the capillary stream, Immediately after an inflammatory insult or
stimulus, there is a very transitory vascular contraction, followed by
dilatation, which persists. Capillary pressure increases. The leukocytes
fall out of the stream and marginate at the border, which is known as
the “zonal layer.” They then make their way between endothelial
cells into the tissues toward the site of inflammation. This whole proc-
ess constitutes an example of chemotaxis.

The cellular response to inflammation first appears to involve the
polymorphonuclear leukoeytes. The polymorphonuclear leukocytes
contain an intracellular enzyme (leukoprotease) which has the prop-
erty of aiding the digestion of ingested particles. A number of other
enzymes have also been described. As inflammation progresses, the
pH locally tends to fall. This change in reaction is probably determined
to a significant degree by the local presence of anaerobic glycolysis,
with the conversion of sugar to lactic acid. As the pH falls, all living
leukocytes disappear and only pus is seen.

The local changes evoked by bacterial invasion tend to limit the
process In part, this localization or fixation is mechanical in nature.
The lymphatics are blocked by plugs of fibrin or lymphatic thrombi.
This barrier may be preserved if there is a balance between factors
which tend to enhance the deposition of fibrin and factors which
tend to inhibit or destroy it Some strains of streptococci liberate
fibrinolysins, which destroy the natural barrier. Other organisms,
such as staphylococci, hberate an enzyme, coagulase, which enhances
the clotting tendency.

Foreign proteins may be held in the inflamed area, and antibodies
(globulins) presumably aid in the direct attack on bacteria at the site
of inflammation.

To a degree, the greater the local reaction, the less the tendency to
bacterial invasion However, severe local reactions lead to local tissue
destruction Thus, if the natural defenses of the body alone are allowed
to combat the infection, a price must be paid for the fixation of the
offending orgamisms in the tissues.

These aspects of local fixation are best exemplified by two com-
mon types of surgical infection. A streptococeus infection causes rela-
tively little local necrosis. There is a scant fibrin barrier and 2z late



146 FUNDAMENTALS OF GENERAL SURGERY

and ineffective lymphatic blockade. Enzymes such as streptokinase
and streptodornase may destroy the barrier as fast as it forms. Spread-
mg factors, such as hyaluronidase, may produce rapid intercellular
wfiltration of fectious exudate. A staphylococcus infection, on the
other hand, produces a severe local reaction with early and eflective
Iymphatic and fibrin blockade. A local highly cytotoxic substance
called “leukocidm” is claborated. The area becomes walled off and
tissue invaston is arrested, but at the cost of tissue death and abscess
formation

The phngocytosis-inducing substances, opsonins and tropins, are
present in normal and immune sera, Thesc are deposited as a film

TABLE 11.—STAGES OF INFECTION (AFTER BERMAN)

PaTiorocic CHANGES SyarrTOMS AND S16\S
Hyperemta Heat and redness
Exudation Swelling
Stasis (thrombosis of capillary and lymphatic

channels) Begining localization
Necrosis from toxns and pressure Pain and tenderness
Suppuration Pus and fluctuation
Immumty (formation of the pyogenic membrane) Hard arca or wall around

the inflamed zone

Granulation Proud flesh if excessive
Epithelization New skin
Cicatrization Scar formation

over the material to be ingested by phagocytes, thus facilitating the
process of phagocytosis. In general, the efficacy of phagocytosis
hinges on their concentration.

There is also a factor, which is believed to act on the bone marrow
by way of the blood stream, which has the property of inducing a
discharge of immature leukocytes, This is the leukocyte-producing
factor (LPF of Menkin), which is a by-product of mjured cells, in
inflammatory exudate. Other factors which have been demonstrated
in the exudate include: necrosin, a cytotoxic substance, pyrexl'n, a
fever-inducing substance, and leukopenin, a leukopenia-inducing sub-
stance.

If the walling-off process is imperfect or invasion is rapid, cellu-
litis, lymphangitis, phlebitis or septicemia may develop. When tissue
breakdown occurs, an abscess or ulcer forms. In deeper tissues an
abscess usually results, in superficial tissues, rupture of the abscess
may cause an ulcer. A simple abscess, such as a furuncle, is made up
of a central necrotic core containing bacteria, leukocytes, fibrin and
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cellular debris in various stages of disintcgration. Increasing tissue
tension together with the catalytic action of the leukocytes is respon-
sible for thinning and ultimate necrosis of the superficial layers of the
skin. This results in the devclopment of a pus blister, which often
ruptures spontaneously, allowing the abscess to drain, (See Table 11
for the stages of infection.)

CONSIDERATIONS IN TREATMENT

The major factors which condition the severity of a surgical
mfection are: (1) the type, virulence and dosage of the pathogenic
organisms which gain entry to the tissues; (2) the time interval from
moculation to the beginning of treatment; (3) local resistance of the
tissues; and (4) the general resistance of the patient.

The major considerations in the treatment of surgical infections
are to:

1. Minimize the bacterial inoculation of tissues

Begin treatment as early as possible
. Improve the local situation in the wound by all available means
. Utilize specific antibacterial therapy
. Support and maintain normal metabolism and other body
functions

Ot e 1D

CornvoN SURGICAL INFECTIONS

FuruncLe.—A boil (Fig. 20) is a common surgical infection. It js
caused most often by Staphylococcus aureus, which reaches the deeper
areas of the skin through the hair follicles or sebaceous glands. The
inflammatory reaction is intense, leading to tissue necrosis and the
formation of a central core. This is surrounded by a granulation tissue
“pyogenic membrane” and a peripheral zone of cellulitis. The infec-
tious process is usually self-limited, but it may be complicated by
moculation of the adjacent skin and the formation of “satellite” ab-
scesses. The usual principles of surgical treatment, including anti-
biotics, apply in the management of this condition. Incision and
drainage is not often required if treatment is begun early, Diabetes
mellitus is a frequent predisposing cause of furunculosis.

CarBuncLE—~A carbuncle (Fig. 21) is a multi-loculated suppu-
rative inflammatory process of the skin and subcutaneous tissues caused
by the Staph. aureus. The pathogenesis of the infection is identical
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to that of the furuncle. Since the introduction of specific antibacterial
therapy, radieal surgical procedures have little place in the manage-
ment of carbuncles and are seldom indicated.

Wounp INFECTIONS,—Any wound is subject to bacterial contamina-
tion. Prophylactic measures that minimize the bacterial contamina-
tion of wounds greatly simplify the problems of treatment. The sources

Fic 20 —Furuncle of the “dangerous area of the face.” The area is bounded by
the bridge of the nose and the angles of the mouth Infections 1n this locatron should
not be disturbed by incision, squeezing or other types of manipulation.

of contamination include: the patient’s skin, clothes, soil, contami-
nated dressings, foreign bodies, the hands of attendants and the
expired air of the patient and his attendants. Wound contamina-
tion by organisms of the upper respiratory tract 1s a special hazard
when a large surface area is exposed (e.g, burn). Many sources of
wound contamination exist in the aperating room, but most of these
can be controlled by proper aseptic techme.

Cervums.—Cellulitis is an acute inflammatory reaction which
extends along connective tissue planes and across intercellular spaces.
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There is widespread swelling and redness, without definite localization
and with little or no pus formation. An area of cellulitis appears at
the periphery of most of the pyogenic infections, but the classic picture
of a spreading cellulitis is the result of invasive streptococci. The
zone of infection is Bery red, hot, swollen, painful and extremely
tender. There may be no definite line of demarcation. Blebs and
bullze sometimes form on the skin. Later there may be extensive
necrosis with abscess formation. Nonoperative treatment is indicated

.Fxc. 21.~Severe carbuncle of the neck in an elderly obese patient with disbetes
weellites. Such ive infections are now Patiet recovered following
control of the infection. excision of the necrotic tissue and skin grafting.

unless localization occurs, at which time drainage may be required.

Liareraxcros.—This condition is characterized by the presence of
red streaks, which course centrally from the area of acute infection,
associated with swelling and tenderness of the regional lvymph nodes.
A ymphangitis is secondary to a focus of infection and results from the
passage of bacteria and other imitant materials into bmphatic chan-
rels. It represents a normal defense reaction against in'vasive bacterial
infection. Surgical incision is harmful. Resolution of the process is
hastened by antibiotic therapy and use of methods that decrease

edema, improve the local conditions and aid the bmphatic and venous
drainage. ’
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Prvesrmis.—Pathogenic bacteria which gain entrance into a vein
induce an intense inflammatory reaction which leads to thrombosis,
often with marked disturbance of the distal circulation. Thrombophle-
bitis may also be of traumatic or chemical origin. The process may lead
to suppuration, but this is a rare complication. Thromboembolic ac-
cidents do not commonly result from thrombophlebitis of infectious
origin. Thrombophlebitis must be differentiated from phlebothrom-
bosis, or spontaneous intravascular clotting without inflammation,
in which the danger of pulmonary embolism is great.

TETANUS

Clostridium tetani is a normal inhabitant of the intestinal tract of
the various herbivora and, less frequently, of man. It is saprophytic
in nature and noninvasive. The organism becomes pathogenic when
it is introduced into wounds (especially puncture wounds), where
nonviable tissue, anaerobic conditions and pyogenic infection favor
its development. The incubation period for the disease varies but is
usually five to fourteen days. Generally, the shorter the incubation
period, the more serious the prognosis. Spore forms of the organism
often remain in tissues for months or vears before they become active
and germinate as a result of trauma or other manipulation.

The clinical effects of tetanus infection result from one or more
of the following types of involvements: (1) toxins acting Tocally on
the effector cell (skeletal muscle) to cause “local tetanus” and (2)
passage of the toxin into Iymphatic channels and the systemic cir-
culation, then to specifically reactive cells of the spinal cord and the
medulla.

Srarprons axp Siens.—The wound may be trivial and its appear-
ance be of little aid in diagnosis. Tetanus is characterized by stiffness
of the muscles, locally or generally, spasm of the pharyngeal muscles,
trismus (lockjaw) and risus sardonicus, tonic and clonic convulsions.

Prevestne TrEATMENT.—Extensive tissue damage, gross contam-
ination and anaerobic conditions in the wound provide a fertile soil
for clostridial infection. Proper local treatment consists of surgical
débridement, wound irrigation and leaving the wound opened widely.
If the patient has not been actively immunized, he should be given
3,000 units of tetanus antitoxin (minimum dose) after intracutaneous
and conjunctival sensitivity tests. If the patient is sensitive, he must
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be desensitized.® The tetanus antitoxin should be repeated in about
seven days, especially if there is to be remanipulation of the wound,
If the patient has been actively immunized within five years, 1.0 ml. of
the(tovoid ‘should be administered as a booster dose. But if the wound
mnvolves the head or neck (with possibly a short incubation period),
both tetanus toxoid and antitoxin should be given regardless of when
the patient last reccived artificial active immunization. Remember
that it takes time to “recall” active immunity with toxoid. Patients who
have never received toxoid should be given the first dose at the time
they are given tetanus antitoxin. The injections required to evoke
active immunity are then completed later. If tetanus toxoid and anti-
toun are given simultaneously, they should be given in separate
syringes and in different areas.

Active TreaTMENT.—The mortality is high (about 50 per cent),
but much can be accomplished by treatment. The following routine is
suggested:

1. Isolate the patient in a quiet, dimmed room and start treatment

immediately.

2. Administer 50,000 units or more of antitoxin by intravenous or
intramuscular routes. Infiltrate 10,000 units or more around
the periphery of the wound preparatory to wound excision one
hour later. Begin tovoid immunization.

. Obtain direct smears and aerobic and anaerobic cultures in an
effort to establish a bacteriologic diagnosis.

4. Excise or completely expose the wound, if possible. The wound

may be covered with an actvated zinc peroxide suspension

w

dressing.
5. Additional antitoxin may be given each day, 50,000 units or
more. -
6. Administer doses of penicillin and broad-spectrum antibiotics.
7. Use Avertin,® 60-80 mg./kg. of body weight, or ‘{araldehyde
in oil by rectum, 1040 cc., to control spasms and convulsive
75 14 iration schedul
Tow Dosz Drzvmox
30 minute intervals 0.1 ml 1:10
02
0.5
1.0
2.0
05 ml Undilated

10
Continue until total dose has been given.
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seizures. Curare or curariform drugs are sometimes indicated.

. Maintain an adequate ainvay and ventilation. Tracheostomy
is often indicated. Support of respiration by mechanical means
may be necessary. Survival depends on respiration.

. Give attention to the fluid intake and nutrition, oral hygiene,
bladder and bowel function.

10 Special nursing care and constant medical supervision are

essential in severe tetanus, Without them the patient dies.

o
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Gas GANGRENE

The clostridia of gas gangrenc are natural inhabitants of the soil
and of the intestinal tract of man and most herbivorous animals. The
most common pathogen is C. perfringens (welchii). Less frequently,
C. novyi, C. septicum, C. bifermentans and C. histolyticum are found.
An active gas mfection occurs if the clostridia are inoculated in large
number into wounds containing crushed (or devitalized) tissue, dirt,
other organisms and 1 which anacrobic conditions exist. This set of
circumstances obtains in (1) accidental wounds, especially compound
fractures, (2) gunshot wounds and battle injuries, (3) contused
wounds and puncture wounds which have been soiled by fecal material
and (4) wounds that bave been closed by primary suture after inade-
quate preparation. The lower extremities and the buttocks are the sites
most commonly involved. Because the orgamisms of gas gangrene are
widespread in pature, it is surprising that this infection does not de-
velop more frequently.

There are two clinical forms of the infection. Clostridial myositis,
of the spreading or diffuse type (true gas gangrene), is an infection
of the muscles which is serious and often fatal. Clostridial cellulitis
is usually limited to subcutaneous tissue and fascial planes. The
muscles are not primarily involved. This is also a serious infection
but it does not have the lethal potentialities of clostridial myositis

Syampronms anp Sicns.—The onset of gas gangrene may occur
within a few hours or from three or four days. Pain in the wound is
out of proportion to the extent of the injury. The pulse rate increases,
and the temperature rises The patient is acutely ill, but he may say
that he never felt better. There 1s a spreading area of swelling about
the wound, and a thin, dirty-brown exudate contaming gas bubbles
appears from it The drainage has a characteristic smutty odor.
Crepitation 1n the tissues denotes the presence of gas but is not pathog-
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nomonic of clostridial infection, Before other clinical signs are
present, x-rays (Fig. 22) may reveal gas in the subcutancous tissues,
which estends along fascial planes. Marked swelling develops, and a
characteristic dusky or bronze discoloration of the skin appears.
Gangrene finally occurs. The muscle groups involved can be recog-
nized by their gross appearance. They appear cooked and do not
contract or bleed.

Direct smears of the exudate will reveal gram-positive bacilli.

e
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Fic 22.—Open-commmnuted fracture of both bones of the forearm, complicated
by gas bacillus infection (clostndial myositis). Note presence of large collections of
gas m soft tissues

Deep-meat (beef heart) infusion broth is used for anaerobic culture.
So-called “stormy fermentation” of milk under reduced oxygen ten-
sion is a cultural characteristic of C. welchii.,

PrevENTIVE TREATMENT.—Wounds that are grossly contaminated
should receive meticulous wound toilet and surgical débridement
and should be left open. Activated zinc peroxide suspension placed
in the wound is recommended as a prophylactic and therapeutic
measure. Aqueous penicillin in massive doses is of value. Polyvalent
:.mtigas gangrene serum, 40,000 units or more, may be given by the
intramuscular route.

ACTIVE TREATMENT, :
1. Isolate the patient and use strict, aseptic precautions.
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Provide aerobic conditions and relieve tension throughout the
wound. Open it widely and remove all nonviable tissue by sharp
dissection This may require excision of entire muscle groups.
3. Amputation of an extremity may become necessary. An open-
type amputation only should be done.

The local use of activated zinc peroxide suspension is of value.
Massive-dosage pemicillin or broad-spectrum antibiotic therapy
should be instituted,

Antigas gangrene serum is of little value once the infection is
established. X-radiation therapy has been all but abandoned.
The rapidly developing anemia (hemolysis of red blood cells)
requires multiple transfusions.

. General supportive treatment is of great importance.

U
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INrECTIONS OF THE HAND

The human hand is a complex structure composed of delicately
balanced tendons, muscles, joints, bones and nerves. These tissues
are functionally co-ordinated, and damage to any arca may result in
widespread loss of function. Serious infections may jeopardize the ex-
tremity or Iife itself. Too often, poor management results in a crippled,
useless hand.

A knowledge of the surgical anatomy of the hand and of the
possible pathways of extension of infection is fundamental to intelli-
gent treatment, Repeated, careful examinations of the hand may be
necessary before diagnosis can be made. Premature incision before
localization has occurred may be damaging. The requirements for
rational and effective treatment of hand infections are:

1. An exact dingnosis and a precise knowledge of sites of locali-

zation and the routes of spread
. An appreciation of the value of immobilization (Fig. 23), local
heat and elevation in effecting localization

3 Specific antibacterial therapy based on a bacteriologic diagnosis

if possible

4. Intelligent and timely use of surgical drainage for localized

infections

5. Avoidance of wound contamination and mixed infections

6 Restoration of function as the ultimate goal of therapy

Mivon Hanp INrFECTIONs —The munor infections of the hand in-
clude feon, paronychia, furgncle, carbuncle and subepithelial abscess.

(&3
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Felon—The pulp of the finger-tip is composed of fat enclosed
in a tough radiating network of connective tissue which .Iorms a
potentially closed space. Through a puncture wound (wire, nful,
bristle, etc.), bacteria gain entry to this area and cause rapid swelling

Fic 23.—The “posttion of function” of the hand. The hand always should be
immobilized 1n this position if possible. If a tenns ball is held in the palm and the
wrist is slightly extended, the fingers, thumb and wrist assume the proper position.

Fie. 24.~Common finger infections. A, a felon, an infection involving the
“anterior closed space” of the terminal phalanx, With mcreasing tension in this
area, the circulation is impared and necrosis of soft tissues and bone occurs early.

, a paronychia (ad d: “n d”} an infection involving the nail fold and
nail base

with vascular compression, resulting in a “felon” (Fig. 24, A). There
is marked pain, throbbing and exquisite tenderness. Untreated, this
process may lead to ischemic necrosis of soft tissue and osteomyelitis
of the termmal phalanx. Decompression of the anterior closed space
and drainage of exudate by incision may be required. It can be ac-
complished by use of a hockey-stick incision,

Paronychia.—A paronychia (Fig. 24, B) is a common infection
of the nail fold, which may extend beneath the nail to form a sub-
ungual abscess. In the early stages of the infection a paronychia may
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be treated conservatively. If the infection advances, it may be neces-
sary to incise and reflect the nail fold and then to excise a portion of
the root of the nail. The matrix should not be injured, because this
may result in permanent deformity of the nail.

Furuncle, Carbuncle, Subepithelial Abscess.—These infections are
treated as described under Furuncle, on page 147. A collar-button ab-
scess is formed when two abscess cavities are connected by a narrow
sinus They are often associated with calluses and commonly occur
in the web of the hand.

Major Hanp InrecTioNs.—This group includes tenosynovits,
fascial space mfection, acute cellulitis, acute lymphangitis and human

Fic. 25 —Tenosynovitis {tendon sheath infection) of the index finger and the
cardinal signs of Kanavel (See text.)

bite infections, Special study is warranted because of the actual or po-
tential seriousness of these infections,

\Ténosynovitis —A tendon sheath infection (Fig, 25), is a surgical
emergency Rapid spread throughout the sheath may result in irre-
parable damage to the function of the hand. Tendon sheath infections
commonly follow puncture wounds of the hand or finger. In addition
to the usual signs of inflammation, there are four cardinal signs
(Kanavel) of acute tenosynovitis: (1) fusiform swelling of the finger,
(2) exquisite tenderness over the course of the tendon sheath, (3)
fixed, flexed position of the finger and (4) severe pain on extension of
the finger.
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The flexor tendon sheaths of the hand follow a basic anatomic
pattern (Fig. 26):

The tendon sheaths of the index, middle and ring fingers extend from the
base of the distal phalanges to the level of the metacarpophalangeal joint or a
thumb’s breadth proximal to the webs. The sheaths of the thumb and the hittle
finger extend from the base of the distal phalanges, pass beneath the annular
ligament at the wrist and into the forearm, where they form the radial and
ulnar bursae, respectively, The radial and ulnar bursae usually communicate.

Infections of the flexor tendon sheaths may extend to involve
other spaces of the hand. The most likely extensions are:
1. From the sheath of the thumb to the radial and ulnar bursae.

Thenar space

Tendon space

Rz ﬂ'

Midpalmar space Ulnar bursa

Fic 26 —Tendon sheaths, bursae and fascial spaces of palmar aspect of fingers,
hand and wrst

The pus may point in the forearm (retroflexor [Parona’s]
space).

2. From the sheath of the lttle finger to the ulnar bursa, the

radial bursa or the forearm

3. From the sheath of the mdex finger to the thenar space.

4. From the sheath of the middle finger and the sheath of the

ring finger to the midpalmar space.

Unrelieved tension within the sheath causes vascular impairment
and necrosis of the tendon The tendon sheaths can be drained by an
incision placed at the side of the finger, but avoiding the digital
nerves and blood vessels. The radial and the ulnar bursae and the
retroflexor space can be drained by lateral incisions at the level of the
wrist, Always consult authoritative works before making any incisions.

Fascial Space Infection.—The two major fascial spaces of the hand
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lie i the palm between the flexor tendons and the interosseal muscles
which cover the metacarpal bones. The midpalmar space lies in the
ulnar half of the hand and the thenar space in the radial half. The
spaces are separated by a layer of fascia attached to the third meta-
carpal bone. The fascial spaces may be infected directly from pene-
trating wounds, or indirectly by spreading cellulitis of the hand or
from rupture of an infected tendon sheath.

Thenar Space Infection—This infection (Fig. 27, A) is character-

Fic 27 —Appearance of hand 1n deep space infections, A, thenar space abscess,
B, midpalmar space abscess

ized by swelling of the thenar eminence, abduction with limitation
of motion of the thumb and a bulging of the web between the thumb
and index finger. The appearance is similar to that produced by
clenching a golf ball in the radial side of the palm. The landmark
for surgical drainage 15 on the dorsum of the hand parallel to the
distal border of the first dorsal interosseal muscle.

Midpalmgr Space Infection —Midpalmar space infection (Fig.
27, B) produces a fulness of the palm and loss of the normal concavity
of the hand. Induration, swelling and tenderness may extend along the
lumbrical canals into the webs of the fingers. A transverse incision
parallel to the distal crease of the palm gives satisfactory drainage.

Retroflexor (Parona’s) Space Infection—The retroflexor fascial
space lies in the forearm, between the flexor tendons and the pronator



SURGICAL INFECTIONS 159

quadratus muscle. It is rarely the site of a primary infection but may
be involved by extension from the radial bursa or the ulnar bursa.

Cellulitis and Lymphangitis—These conditions have been con-

sidered previously (pp. 148-149). Conscrvative measures are indicated.
Surgical drainage is usually unnceessary and may be harmful.

The pattern of lymphatic drainage from the hand is:

1. From the anterior surface of the hand to the posterior surface

of the hand

2. From the radial side of the hand directly to the axillary lymph

nodes

3. From the ulnar side of the hand to the avillary nodes by way

of the epitrochlear nodes

4. From the middle finger to the axillary lymph nodes, or to the

nodes along the cephalic vein

Human Bite Infections.—Human bites are usually serious injuries.
When virulent bacteria of the mouth are introduced into soft tissues
or into joint spaces of the hand, satisfactory conditions for bacterial
growth may lead to invasive infection. The inoculation often occurs
when the clenched fist strikes a tooth (knuckle-tooth injury). The
infection is polymicrobic and includes streptococei, staphylocoeci,
Vincent’s organisms and various anaerobes. If treatment is delayed,
movement often disseminates the infectious material, and soon exten-
sive inflammation and tissue destruction occur. Treatment consists
of meticulous wound cleansing, wound excisicn, no closure, immobi-
lization, warm packs (or activated zinc peroxide suspension), eleva-
tion, rest of the part and antibiotic therapy.

Osteomyelitis.—The bones of the hand are sometimes involved by
extension from soft-tissue infections. The X-ray appearance may be
misleading because the bone changes often appear more advanced
than they actually are. The phalanges usually will regenerate after the
infectjon has been overcome. For this reason, it is recommended that
dead bone (sequestra) be removed and the soft tissues drained.
Amputation for osteomyelitis of the fingers or hand is rarely necessary.

SPECIAL INFECTIONS OF SURGICAL InrpORTANCE

ErysteELAs.~Erysipelas 15 an acute spreading cellulitis and lymph-
angitis caused by hemolytic steptococci. The organisms gain entry
through a break in the skin. A severe local and systemic reaction
follows. The onset is often abrupt, with chills, fever, prostration and
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lie in the palm between the flexor tendons and the interosseal muscles
which cover the metacarpal bones. The midpalmar space lies in the
ulnar half of the hand and the thenar space in the radial half. The
spaces are scparated by a layer of fascia attached to the third meta-
carpal bone. The fascial spaces may be infected directly from pene-
trating wounds, or indirectly by spreading cellulitis of the hand or
from rupture of an infected tendon sheath,

Thenar Space Infection—This infection (Fig. 27, A) is character-

Fic 27 —Appearance of hand in deep space mfections A, thenar space abscess,
B, imdpalmar space abscess.

1zed by swelling of the thenar eminence, abduction with limitation
of motion of the thumb and a bulging of the web between the thumb
and index finger. The appearance is similar to that produced by
clenching a golf ball in the radial side of the palm. The landmark
for surgical drainage 1s on the dorsum of the hand pnral]el to the
distal border of the first dorsal interosseal muscle.

Midpalmgr Space Infcction—Midpalmar space infection (Fig.
27, B) produces a fulness of the palm and loss of the normal concavity
of the hand. Induration, swelling and tenderness may extend along the
lumbrical canals mto the webs of the fingers, A transverse incision
parallel to the distal crease of the palm gives satisfactory drainage.

Retroflexor (Parona’s) Space Infection.—The retroflexor fascial
space lies in the forearm, between the flexor tendons and the pronator
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cultured from the exudate. The lesions appear as multiple small pus-
tules which catend and coalesce to form large arcas of cutancous
gangrene and ulceration, Management is similar to that of postoper-
ative gangrene, but favorable response is proportional to success in
overcoming the primary disease.

FusospinocHETAL GANGReNC.—This is caused by mouth organisms
such as fusiform bacilli, spirochetes, spirilla and nonhemolytic strepto-

Fic, 28 —Synergistic gangrene of the leg due to muxed infection of micro-
hall hemolytic strep and staphyl A, after excision of
necrotic tissue and before application of activated zinc peroxide suspension. B
healing after application of small deep grafts ( “pinch grafts”). ’

cocci often present m large numbers in dental carjes. The infection
may develop after a human bite jury (especially of the hand) or as
a complication of lung abscess. Serious infections may be prevented
by careful attention to the details of wound treatment. Fusospirochetal
infection may occur in any wound which has been contaminated with
mouth secretions, but 1t rarely develops unless there is associated tissue
damage, extravasation of blood and delayed wound treatment with
primary closure. When these conditions exist, the wound should be
cleansed, exctsed (if possible) but not sutured (instead, left open)

Established infections are treated by drainage, excision of devitalized.
tissue and local and systemic administration of antibacterial drugs.
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rapid extension of the infection. The skin becomes fiery red, swollen
and tender, and a distinct line of demarcation is observed at the
advancing margins, Erysipelas commonly involves the face in 2
“butterfly” distribution over the checks and nose, but it also develops
in other cutancous areas, Blebs, lymphangitis and lymphadenitis ap-
pear, but suppuration is rare. In an extremity, repeated bouts may
lead to chrome lymphedema.

The application of cool, moist compresses, coupled with intensive
antibacterial therapy, is usually adequate treatment.

AcUTE STREPToCOCCAL GANGRENE.—An uncommon infection also
caused by hemolytic streptococci, but differing from erysipelas in
several respects, 1s acute streptococeal gangrene. The onset of the
infection 1s usually devoid of an alarming systemic reaction. The skin
first becomes red, swollen and painful, then dusky and covered with
blebs, and finally gangrenous.

In addition to the measures directed toward control of the infec-
tion, there may be need for early release of skin tension and ischemia
by surgieal ncisions. Should gangrene oceur, excision and subsequent
skin grafting 15 often necessary.

SYNERGISTIC INFECTIONS
(Crmonic GaNGreNE Group OF MELENEY)

POSTOPERATIVE PROGRESSIVE BACTERIAL SYNERGISTIC GANGRENE —
This condition is caused by micro-acrophilic nonhemolytic streptococei
in combination with staphylococei (Fig. 28). It may develop after ab-
dominal operations in which wound contamination has occurred (e.g.,
ruptured appendicitis). Its onset may be delayed for several days, and
serious systemic signs of infection are not prominent. Ultimately, an
obstinate and progressive wound infection complicates healing and
leads to gangrene of the tissues surrounding the wound. The peripheral
zone of involvement is fiery red, the middle zone is purple, and the
central zone is necrotic or black.

Vigorous treatment is indicated. The wound should be opened
widely, cleansed by irrigation and débrided. A suspension of activated
zinc perovide or bacitracin may be applied topically. Systemic therapy
is also necessary.

Gancrenovs IntpETIco.~Gangrenous impetigo is most often found
as a complication in severe chronic debilitating diseases (e.g., chronic
ulcerative colitis). Hemolytic streptococei and staphylococer can be
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common, and the cure or arrest rate has increased, since the introduc-
tion of the new chemotherapeutic regimens (isoniazid, para-aminosali-
cylic acid [PAS] and streptomycin). Important advances in surgical
treatment have also been developed, including segmental rescction
of the lung. The treatment of chest diseases is a special field of surgery
and is not discussed in detail in this volume.

Tuberculous Iymphadenitis is transmitted through raw milk from
infected cows. The tubercle bacillus enters through the faucial tonsils
or the lymphoid tissue of the lower ileum. The disease formerly was
common in children and young adults, but its incidence has fallen
with the widespread pasteurization of milk.

There may be few systemic signs beyond slight fever, weight
loss and anemia. The cervical lymph nodes become enlarged, matted
and fixed. Later they undergo caseation necrosis, ulcerate through the
skin and form single or multiple discharging sinuses. Other aspects of
tuberculous cervical lymphadenitis are considered under Masses in the
Neck, in Chapter 25.

Intestinal tuberculosis may result from either the bovine or the
human strain of Myco. tuberculosis. When intestinal infection is as-
sociated with pulmonary tuberculosis, it is usually caused by the
human strain. In the ileum, the disease produces encircling or “girdle”
ulcers, which may cause intestinal obstruction and other changes
resembling regional enteritis. In the cecum, a hypertrophic form of the
granulomatous process may simulate carcinoma. In the colon, the
clinical picture often resembles ulcerative or amebic colitis or cancer.

Treatment must be directed at the primary site as well as the
local process. Surgical excision of the diseased segment of bowel is
often necessary.

Bone tuberculosis is generally blood-borne. Single or multiple foci
develop, especially in spongy bone. The disease usually involves the
vertebral bodies, the carpal and tarsal bones and the Iong bones.
Typically, the process begins in the metaphysis, then extends to the
epiphysis and joint. Diaphysial involvement is almost unknown,

Bone tuberculosis procedes at a relatively slow pace as destruc-
tion outdistances repair. The tubercles coalesce to produce large areas
of tissue breakdown (“cold abscesses”), which may burrow beyond
the primary site.

Tuberculosis of the spine (tuberculous spondylitis) is most com-
mon in childhood, and often develops between the midthoracic and
midlumbar regions. Early diagnosis can be difficult before sray
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Axesic INFECTION wiTit GANGRENE.—-Sometimes after drainage
of amebic abscesses (usually hepatic) or following appendectomy in
the presence of active amebic dysentery, gangrene sets in. It is caused
by Endameba histolytica in association with other pathogens. The
wound margins become clevated, everted and necrotic. The diagnosis
15 established by demonstrating the causative organism in suspensions
of the exudate. The amebacidal drugs arc effective.

UNusuAL Diseases oF ANIMAL TRANSMISSION

These infections should be reviewed by the student. Although
rare, they are important clinically and should be kept in mind. They
include: rabies, erysipcloid (usually of the hand in fishermen, butchers
and veterinnrian‘s‘), Denign inoculation reticulosis (cat-scratch fever),
tularemia, glanders, and anthrax.

Crumnonic GRANULOMATOUS INFECTIONS

TusercuLosis.—This disease more or less epitomizes the appear-
ance and behavior of the granulomatous infections.

Human tuberculosis may be produced by either the human or
the bovine strain of Mycobacterium tuberculosis. The human strain
usually is responsible for pulmonary, intestinal, urinary, genital and
peritoneal tuberculosis; the bovine strain, for bone and lymphatic
tuberculosts. The organisms may enter the respiratory, alimentary or
urinary passages and may spread by contiguity or through blood or
lymphatic flow.

The general subject of tuberculosis, including the concept tjf
immumty, the basic pathology, clinical manifestations, diagnostic
technics and methods of treatment, should be reviewed elsewhere.

Fmal diagnosis will depend on demonstration of acid-fast organ-
isms, Careful and repeated exammnation of exudates or tissues may be
necessary before diagnoss is established. Guinea-pig inoculation is 2
most reliable test but has the disadvantage that it requires about six
weeks, Special culture technics are helpful.

Tuberculous involvement of the lungs or bones may be established
by x-ray examination. The skin tests (von Pirquet and Mantoux)
may indicate sensitvity and give a clue to previous or existing infec-
tion.

Pulmonary tuberculosis and its complications have become less
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are encountered: the common acrobic type, duc to Actinomyces
bovis, and the anacrobic type, due to Nocardia asteroides. Increasing
attention is being paid to the latter as a cause of obseure chrenic in-
traperitoneal and intrathoracic infections.

The usual portal of entry is the gastrointestinal tract. The infection
is characterized by an unusual degree of granulation-tissue prolifera-

e .

Flc. 29.—Actinomycosis of the jaw (“lumpy jaw”). Note the draining sinuses.
The infection was cleared by intensive antibiotic therapy. )

tion associated with secondary pyogenic infection, and suppuration.
Frequently there is extension to adjacent fascia and bone but not into
the Iymphatics. Lymphangitis and lymphadenitis are not outstanding
features of actinomycosis. Fistulas form, and a profuse exudate which
contains small yellow bodies (“sulfur granules”) is discharged. The
diagnosis can be established by demonstrating the fungus in smears
of the pus, in biopsy specimens or in cultures.

The infection is chronic in type and generally is not accompanied
by a significant systemic reaction. Three clinical types are recognized;
cervical, abdominal and thoracopulmonary. & ’
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changes occur. When the diseasc is suspected, serial radiographs
should be made at frequent intervals, meanwhile treating the patient
on the basis of the clinical diagnosis. Unless treatment is instituted,
vertebral collapse occurs and an angular gibbus forms.

SypmiLis.—Syphilis is caused by Treponema pallidum and has
many clinical forms. Its late complications are most likely to come to
the surgeon’s attention. Since the advent of effective antibiotic therapy,
serious complications of syphilis have become increasingly rare, but
their importance in relation to the differential diagnosis of many
conditions must be stressed.

In late syphilis, there typically is extensive tissue destruction,
scarring and deformity. Focal necrosis (gumma) is the characteristic
lesion. Any organ or tissue may be involved. Often the spirochete
cannot be demonstrated in excised tissues. Serological tests are valu-
able aids to diagnosis.

Ulceration of the skin may occur. Leg ulcers are probably most
common and usually appear over the anterior aspect of the tibial
area and as single or multiple, shallow, ragged and “dirty” excavations.
The ulcers must be differentiated from varicose, arteriosclerotic, sapro-
phytic and neoplastic ulcerations. They do not respond to ordmnary
methods of treatment.

Gastrointestinal syphilis is uncommon, but occasionally luetic
gastritis simulates diffuse scirrhous gastric cancer (“leather bottle,”
linitis plastica).

Vascular syphilis. The basic lesion in syphilis is an arteritis which
appears in innumerable clinical forms. Of particular interest to the
surgeon are aneurysms of the aorta and great vessels, some of which
are now treated by operative repair, i e, resection of the aneurysm and
segment of the vessel with reconstruction by use of an arterial homo-
graft,

Skeletal syphilis appears chiefly as an ostcoperiostitis. The in-
fection is accompanied by a variable degree of bone destruction and
repair. Differential diagnosis may be difficult and should include
other speafic types of infection, certain metabolic disorders and
neoplasms.

Central nervous system syphilis also appears in many forms. One
form is neuropathic joint disease (Charcot’s), which can develop
after trauma to or near a joint in a tabetic patient.

Yeast anp Funcous INFECTIONS.—Actinomycosis, or “Tumpy jaw”
(Fig. 29), is the most important infection of this group Two forms
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ASEPSIS, ANTISEPSIS AND DISINFECTION

Asepsis is concerned with the prevention of contamination of the
wound by bacteria. It is accomplished by methods designed to re-
move or destroy bacteria on all objects which may come into contact
with the wound. The aseptic technic involves an claborate ritual of
sterihzation of all materials used in the operation: scrubbing of the
hands and arms, covering the operator with a sterile gown and
sterile gloves, masking the nose and mouth, preparing the skin of
the operative area with antiseptics and other agents and decreasing
the bacterial population of the operating room air as much as possible.
There are many possibilities for “breaks” in technic, and the student
must learn the applications and implications of this time-honored
and important discipline.

Antisepsis refers to the use, on body tissues, of substances (anti-
septics) which may kill or prevent multiplication of bacteria. In a
broad sense the antibiotics may be considered antiseptics, although
generally the term is reserved for chemical solutions,

Disinfection, or sterilization, implies the use of physical or
chemical agencies to destroy bacteria which contaminate inanimate
objects, such as instruments, surgical gloves, clothing, air, ete.

Sterilization can be accomplished by the use of moist heat under
pressure, dry heat, ultraviolet and jonizing radiation, or chemicals
such as the mercurials, phenols, cationic detergents, etc.

AceNTs USED AS SURFACE ANTISEPTICS

Although a great variety of agents have been used as “surface
antiseptics” and the list is still increasing, no ideal antiseptic exists
at the present time. All the chemicals that have potent and broad anti-
bacterial action also have deleterious effects on tissues, Preparations
which have recently become available have, however, simplified and
made removal of bacteria from the skin and other body surfaces and
from wounds more certain.

Formerly, soap and water, alcohol, ether, and tincture of iodine
(or a mercurial antiseptic) constituted the common agents for pre-
operative skin preparation. Today, preparation of the skin is most
commonly accomplished by prolonged washing with water and an
antibacterial detergent soap containing hexachlomphene {or G-11),

followed by the application of a cationic antiseptic in aqueous or
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Treatment 15 both local and general. Long-continued administra-
tion of pemcillin.and.sulfadiazine is most cffective. Local drainage or
exaision may be necessary.

Blastomycosis (Fig. 30), which is less common than actinomy-
cosis, is caused by the Bl:lstomyccs dermatitidis, There are two clinical
forms: the cutancous and systemic. The lesions appear as chronic,
small papules which may ulcerate and are sometimes mistaken for
furuncles. With systemic involvement, the lesions arc widespread

Fic 30 —Chronic granulomatous lestons of the leg due to blastomycosts

and may resemble tuberculosis. Prognosis 1s poor. Diagnosis is estab-
Iished by demonstrating the organisms in exudate or biopsy material.
Systermc administration of jodides and stilbamidine is recommended.

Less common infections in this group include: coccidiosis (coceid-
iodal granuloma), sporotrichosis, histoplasmosis and torulosis.

Lynenoratiia Veneneuns.—This is a disease of virus origin which
affects the lymphatic system primarily. It usually is localized in the
pelvic region, and it occurs in both seves. In women, there may be
extensive pelvic lymphatic involvement, leading to esthiomene, a
condition characterized by elephantiasis and ulceration of the vulva
and anorectal structures. Late strictures of the rectum are common and
must be differentiated from cancer The Frei test is an important
diagnostic aid. Antibiotic therapy appears to be quite effective in
arresting the disease.
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Acetic acid solution (1-2 per cent) is commonly used for the
treatment of pyocyanic (Pseudomonas aeruginosa) infections of
wounds or burns. The dressing must be kept moist with the solution
and changed daily, or more often if indicated.

Zine pesoxide suspension is prepared from medicinal zine peroxide,
a white powder. The powder, when activated by heating, liberates
oxygen slowly if suspended in water or certain ointments. It is useful
n the treatment of infections due to anaerobic {especially clostridial)
and micro-aerophilic organisms, It has also been recommended for
chranic undermining-burrowing ulcers, fusospirochetal infections, foul-
smelling uleerating carcinomas and perirectal abscesses.

Zinc peroxide is activated by heating to 140° C. for four hours.
While dry, it remains active for about thirty days. Immediately before
using, it is mixed with stenle water to form a creamy suspension.
Sterile gauze saturated with the creamy suspension is placed in the
wound, and the area is sealed off with sterile gauze strips impregnated
with petrolatum or zinc oxide to prevent drying, caking and loss of
oxygen. The dsessing must be changed daily. Often a prompt change
is noted in the character of the wound: the granulations become pink,
the exudate decreases, offensive odors disappear and healing begins.

ANTIBIOTIC THERAPY

the discovery and widespread use of antibacterial agents. The surgical
mnfections, for the most part, can now be controlled. The management
of the injured has become more predictable. Deformity, disability and
death are less commonly the result of infection alone. Operations on
contaminated or infected organs or tissues can be undertaken with
increased safety. Skin-grafting procedures have been made almost
uniformly successful. Peritonitis (e.g. in ruptured appendicitis) car-
ries a much less serious prognosis. Intraperitoneal abscesses, pyle-
phlebitis and septicemia are no longer common complications, Post-
operative pneumonia, lung abscess and empyema can ]argé]y be
prevented The new drugs also have made operations safer in areas
formerly considered hazardous (e.g, bowel, lung). Finally, the anti-
biotics contribute a factor of time, which often makes it F’IOSSib]e to
defer operative treatment until systemic imbalances are corrected and
conditions have become more nearly optimal for intervention,

The antibacterial agents have also brought new and different

In surgery, as in medicine generally, many changes have followed
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tincture form (e.g., Zephiran,® Phemerol,® Cepryn®), The active
principle in these solutions is a quarternary ammonium compound,
These solutions are also used in the cleansing of wounds, but repeated
applications must be limited because these agents produce disruption
of tissue elements and hemolysis. The G-11 soaps (Phisohex,® Septi-
s0L,® etc.) have largely replaced “green soap” and the common white
soaps in the surgical scrub.

Soaps aided by rubbing or scrubbing produce their effects through
the emulsification and suspension of materials on the surface of the
body. They have little antibacterial activity. Alcohol in a concentra-
tion of 70 per cent by weight is an cfficient antibacterial agent and
formerly was applied to the hand and operative area as part of the
routine surgical preparation. At present it is considered unnecessary to
use alcohol with the detergent soaps. It should be appreciated that
ordinary soaps (anionic) cffectively remove or neutralize the anti-
bacterial hexachlorophene residue which remains on the skin after
surgical scrubbing. Therefore, the cationic soaps should be used ex-
clusively if the continued antibacterial action of hesachlorophene is
desired.

Other substances are also used locally in the treatment of surface
wounds. These are variously mdicated for their cleansing, débride-
ment (chemical) and antiseptic effects.

Sterile isotonic salt solution (0.9 per cent) is most widely used
for wound irrigations and wet dressings. It is nonirritating, does not
hemolyze red cells, prevents drying and crusting and allows drainage
of the exudate mto the dressing. When warm, it increases the blood
flow locally and has some analgesic effect. Obviously, salt solution
possesses no antibacterial properties.

Boric acid solution, in a 24 per cont concentration, is nonirritat-
ing and slightly antibacterial. Although unlikely, boric acid poisoning
may occur from absorption after prolonged usage.

Magnesium sulfate solution (a 10-20 per cent hypertonic solu-
tion) is used in the treatment of open or closed infections in the
stage of cellulitis. It has some analgesic properties and is thought to
have some value in producing wound exudation.

Dakin’s solution (sodium hypochlorite, 05-1.0 per cent) is an
irritating alkaline chlorine preparation which exerts a destructive and
solvent action on bacteria, pus, necrotic tissue and organic debris. It
may be added to the dressings, directly or through irrigation tubes.
The skin must be protected against its frritant effects,
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granulation tissue and local thrombosis prevent free passage of the
agents from the circulation into the arca of the infection, Even at
this time, however, specific therapy should be used in conjunction
with surgical measures to prevent spread and aid resolution. Surgical
treatment is concerned with the removal of the infected and necrotic
tissue, drainage of the abscess, removal of forcign badics, collapse of
rigid abscess walls or cavitics and closure of defects.

_Infections respond best to antibiotic therapy when (a) the organ-!
ism (or organisms) is “sensitive” to the drug; () there is an effective
blood and lymphatic transport of the agent to the infected area; (¢)
the antibiotic effects are not nullified by inhibitory factors derived
from the tissue or bacteria; and (d) the circulation and resistance of
the host are normal. Should any of these conditions be lacking, the
chances for a successful response to treatment are decreased.

Timing is important in the surgical treatment of infections. Opera-
tions should be undertaken, if possible, after antibacterial treatment
has been started and before bacterial resistance has developed. It
should be emphasized, however, that one must not depend on drugs
to sustain the patient while delaying necessary surgical treatment.
For example, patients with peritonitis due to ruptured appendicitis
require combined specific drug and operative treatment.

A correct clinical diagnosis is important in the treatment of any
mfection An accurate bacteriologic diagnosis should be made if
possible. Smears and cultures of the exudate should be obtained
directly from the wound or from drainage material or aspirate from
an abscess. Gram-stained smears are helpful in establishing a pre-
sumptive diagnosis before more complete bactenal studies are avail-
able. In protracted, spreading or chromic surgical infections a complete
bacterial analysis, as well as in vitro antibiotic sensitivity studies,
should be secured. In some instances (especially polymicrobic infec-
tions), it 1s necessary to utilize two or more antibacterial agents or to
combine systemic and local treatment. It is important to recognize
that changes m bactenal sensitivity, superinfection and growth of re-
sistant organisms may occur during the course of the infection. For
these reasons, periodic bacteriologic studies must be made when the.
response to treatment is not satisfactory or complications develop.

Prorayracric UsE or ANTIBIOTICS

There is a definite field of usefulness for antibiotics in the pre-
vention of invasive wound infections and an increased safety in the
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| problems, For example, there is the urgent need for early diagnosis
and aggressive therapy, since delny favors the development of bac-
terial resistance, mived infections and Jocal wound changes which
impair the effectivencss of these agents. Likewise, when antibiotics
are given before the diagnosis has been established, “masking” may
occur. For instance, when patients are given antibiotics for “virus
preumonia” when they actually have cancer of the lung, the oppor-
tunity for cure by operation may be lost. Another problem is repre-
sented by the overgrowth of nonsensitive organisms or fungi after
antibiotic administration, Finally, the antibiotics have resulted in de-
velopment of resistant stramns of organisms which initially were sensi-
tive (e.g,, Staph. aureus).

CONSIDERATIONS IN THE USE OF ANTIBACTERIAL AGENTS

The two principal types of clinical response to infections are:
wound suppuration and invasive infection.

Wound suppuration is evidenced by tissue necrosis, a surface ex-
udation and little or no systemic response. Bacteria of relatively low
virulence grow on a wound pabulum composed of blood clots and
Iymph, leukocytes and necrotic debris. Removal of the materials which
serve to sustain bacterial growth, full mobilization of the humoral
and cellular mechanisms which constitute the physiologic response
to infection, and restoration of normal covering structures as early
as possible are required. Antibiotics arc helpful but not essential.

Invasive infection is characterized by local inflammatory changes
‘with tissue necrosis and invasion of the adjacent tissues. There is 3
spreading cellulitis and lymphangitis, As extension of the process
occurs, there is an associated systemic reaction. Here there is a dual
problem: local treatment of the wound, and control of the invasive
aspects of the infection. Systemic antibacterial therapy provides an
indispensable adjunct to the treatment of invasive infections.

Specific therapy is most likely to control invasive infections in
their early stages while there is an acute cellulitis. The cffectiveness of
these drugs, given systemically, depends in large measure on the in-
tegrity of the circulation. It is necessary that the drugs come into
contact with bacteria in sufficient concentration to produce their
effects. Furthermore, during the initial period of rapid bacterial multi-
plication, organisms are more susceptible to the effects of the drugs.

When an infection has been established for some time and has
entered a subacute or a chronic stage, changes such as tissue necrosis,
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4. Acute thoracopulmonary suppuration
5. Furuncles and carbuncles

In a second group, final recovery depends on a combination of
properly timed antibacterial and operative treatment. This group
includes:

1. Acute appendicitis with local peritonitis

2. Chronic osteomyelitis

3. Infections of the hand and foot

4. Bronchiectasis, empyema, ]ung abscess

5. Clostridial myositis (gas gangrene) and an-
aerobic cellulitis

6. Chronic granulomatous infections

Acute appendicitis with perforation and peritonitis requires prompt
surgical care. Recovery from chronic osteomyelitis requires removal
of dead bone (sequestra), obliteration of bone cavities and a covering
of skin. Antibacterial therapy must be combined with surgical drainage
for infections of the tendon sheaths, bursae and fascial spaces of the
hands and feet. There is nothing that will justify the expectant treat-
ment of gas gangrene, devitalized muscle must be excised and tissue
tension must be relieved. Excision of the primary focus of infection
is often mnecessary for the cure of chronic suppurative pulmonary
disease. Excision of the major source of the disease may be required
in tuberculosis and actinomycosis before recovery occurs.

Some principles which serve as a guide to the use of antibiotic
drugs in treatment of surgical infections are:

1. The infecting organism or organisms must be sensitive to the
particular agent used. Bacteriologic studies are indicated.

2. The concentration of the agent used must be maintained above
the level of sensitivity of the infecting organisms to obtain a maximal
bacteriostatic and/or bactericidal effect.

3. It is usually advisable to give large doses initially in order to!
minimize the hazard of drug resistance.

4. Mixed infections are common. Combined therapy with two or
more agents is often necessary.

5. Local and systemic factors governing the control of bacterial
infections must be given proper attention.

6. Operative measures must be carefully selected, timed and

applied.
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early post-traumatic or postoperative period. These drugs are used
especially where the probability or possibility of bacterial contamina-
tion exists. It is generally unnecessary to administer antibiotics pro-
phylactically to good-risk patients subjected to elective clean surgical
operations (herniorrhaphy, thyroidectomy, etc.). In such cases the
use of these drugs may be construed as a vote of “no confidence in
aseptic technic.”

Prophylactic administration of the antibacterial drugs is indicated
in the following conditions:

1. Traumatic wounds and burns

2. Operations in contaminated arcas (e.g., gastrointestinal tract,

oral and pharyngeal cavities)

3. Operations on patients with established infections (c.g., re-
spiratory, cardiac, gastrointestinal, genitourinary)
Emergency operations on patients with infections not related
to the primary condition (e.g., combined acute streptococeal
sore throat and acute appendicitis )

Elective or emergency operations when the condition of the
patient makes pulmonary, urinary or other complications a
definite threat

In certain other operations where, because of the magnitude
and/or length of the procedure, the likelihood of infection is
great (e.g., brain, chest, open reduction of fractures)

b

o~

B

AcTive TREATMENT

Some surgical infections may respond to antibiotic therapy alone.
Before tissue breakdown occurs, an effort should be made to establish
high local concentrations of the drugs by systemic administration.
Incision is harmful and accomplishes nothing in acute diffuse, spread-
ing infections except when required for the release of tissue tension
and the restoration of blood flow. Operative measures should generally
be applied only when the mfection has become localized and the
indications for intervention are clear. B

Antibacterial agents are of primary importance in the treatment of:

1. Cellulitis, Iymphangitis, bacteremia, septicemia
2. Acute hematogenous osteomyelitis
3. Acute suppurative arthritis
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clude their administration systemically except when their special
antibacterial effects are required and measures are taken to protect the
patient from these reactions.

CriNicaL USEs OF ANTIBACTERIAL AGENTS

Surroxares.—Preparations of the sulfonamides currently used
m clinical practice include: (1) sulfadiazine, (2) Gantrisin® (sulfi-
sovazole), {3) Sulfasuxidine® (succinylsulfathinzole) and (4) Sul-
fathalidine® (phthalylsulfathiazole).

Sulfadiazine combines the features of minimal toxicity and
maximal effectiveness in a variety of surgical ‘infections. If penicillin
is not available, sulfadiazine can be used with good results in hemo-
Iytic streptococcus infections. It has a low degree of activity against
Staphylococcus aureus It may be used in combination with penicillin
and streptomycin in the treatment of mixed infections. When the
dosage is increased, there is increased toxicity, as with all chemo-
therapeutic agents except penicillin. Dosage is usually on the basis
of a rule-of-thumb, depending on the severity of the infection, but for
the average adult, 3.0-40 Gm. initially, and a maintenance dose of
1.0 Gm. every four hours is adequate.

" Gantrisin® (sulfisoxazole) is widely used in the treatment of
urinary tract infections, It possesses an unusual degree of solubility in
the urine, even when the urine 1s acid, and is effective against many
urinary tract pathogens. There is little danger of its crystallization in
the urine, and it has no inherent toxicity. It may be given orally in
doses of 1.0 Gm. three times daily, or more often if necessary.

Sulfasuxidine® and Sulfathalidine® are used primarily as intestinal
antiseptics and are often called the “intestinal sulfas.” These substances
are not absorbed, and they are active against E. coli but ineffective
against the intestmal streptococci. Given preoperatively, they effect
a marked reduction in the coliform content of the stool and an in-
crease in the safety of large-bowel operations. Sulfasuxidine® is the
drug of choice, especially in the presence of partial bowel obstruction
such as is often encountered i cancer of the colon. It produces a
diarrhea-like stool and lessens the likelihood of complete obstruction.
Sulfasuxidine® may be administered in the dosage of about 0.25
Gm./kg, body weight/24 hours, divided into six doses, The effective
dosage range of Sulfathaldine® is one half of this schedule. These
drugs may be_combined with neomycin or other antibiotics for more
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LocaL Use oF CHEMOTHERAPEUTIC AGENTS

High bacteriostatic and bactericidal levels of antibacterial agents
can be established by direct application of the agents to open wounds,
skin and mucous membranes, gastrointestinal tract, paranasal sinuses,
pulmonary tree, central nervous system and serous membranes. The
high expectations that were held for the local use of chemothera-
peutic agents (especially the sulfonamides) in clean and infected
wounds, however, were dampened by the results of careful studies on
wound healing in World War IL If the uses and limitations of local
therapy are appreciated, it would seem that there is much to recom-
mend a local drug level that is higher than would result from simple
equilibrium with the plasma. The drawbacks to topical application
of antibiotics include: allergic potentialities, tissuc irritation and
toxicity, the presence in the wound of inhibitory substances to some
antibiotics and the difficulties associated with maintaining the drug
in adequate concentration,

The agents most frequently applied topically include: bacitracin,
neomyein and polymyxin B. Less commonly used substances include.
Sulfamylon,® Furacin,® gramicidin and tyrothricin.

The sulfonamides are inactivated in the presence of pus and
tissue extracts which contain a competitive biologic antagonist (para-
aminobenzoic acid, PABA). Wounds which are bathed in a purulent
exudate, therefore, cannot be effectively treated with sulfonamides.

While penicillin is effective in the presence of tissue debris and
pus, it may be washed into the dressing by the exudate, and adequate
local concentrations are difficult to maintain. Infections in closed
cavities (e.g., joint space, the pleural cavity) may be treated with
locally administered penicillin. Penicillin generally is ineffective against
the gram-negative organisms which are commonly found in muxed
wound mfections. Penicillinase, an active penicillin-destroyer enzyme,
is produced by Escherichia coli and certain strains of streptococci. At
present, pencillin is not widely used as a topical agent.

Streptomycin is not recommended for local use. While the killing
rate of streptomycin increases as the concentration is raised, bacterial
resistance to the drug develops rapidly.

The broad-spectrum antibiotics generally have little place in
local therapy because they produce local tissue irntation.

Bacitracin, neomyein and polymyxin B are suitable for topical ap-
plication. They have certain neural and renal toxic effects which pre-
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within forty-cight hours, other antibiotics (e.g., broad-spectrum
drugs, erythromycin) may be indicated.

. In clostridial myositis (gas gangrene): 1,000,000 units of crystal-
line penicillin every three hours has been recommended.

4. In the prevention or treatment of peritonitis or mixed infections
due to enteric pathogens: 300,000 units of procaine penicillin G
combined with 0.5 Gm. of streptomycin twice daily.

StreproMyciN.—The antibacterial spectrum of streptomycin is
restricted, but it supplements that of penicillin to good advantage.
There may be a synergistic effect wtih penicillin. Streptomycin is
effective against many gram-negative bacilli, especially E. coli, Ps.
aeruginosa and B. proteus, as well as Myco. tuberculosis. In the treat-
ment of tuberculosis, streptomycin is combined with PAS and other,
agents With great effectiveness. -
~ For most infections, streptomycin has been replaced by other
drugs. The most important reasons for this trend are (1) other agents
do all that streptomycin can do, and do it more effectively; (2)
bacterial resistance to streptomycin develops rapidly and (3) there is
a definite neurotoxicity associated with the prolonged use of strepto-
mycin. Permanent damage to the vestibular portion of the acoustic
nerve and permanent nerve deafness may occur. Dihydrostreptomyein
is somewhat less toxic. In acute infections the usual dose is 0.5 Gm.
intramuscularly every four to six hours.

Broap-SpecTrust AnTrsioTics.—The following are the broad-spec-
trum antibiotics in common use: (1) chlortetracycline ( Aureomycin®),
(2) chloramphenicol (Chloromycetin®), (3) oxytetracycline (Ter-
ramycin®), (4) tetracycline, (5) erythromycin and (6) carbomycin.
These antibiotics have been grouped together because Egey have
much in common, so far as their source and clinical usage is con-
cerned. Each was originally derived from a species of Streptomyces.
Ih:eyﬁll i_r&!ibit gram-positive, as well as gram-negative, organisms.
They all have antiviral properties and are active against some bacteria
which are resistanit t penicillin and streptomycin. They have a rela~
tively low_toxicity for man and animals and they can be given by
mouth. The side effects produced by them include: nausea, vomiting
diarrhea and proctitis, and occasionally hypersensitivity. Rarely, '(:hior:
amphenicol produces bone-marrow depression with leukopenia or
aplastic anemia and death. The danger of such reactions is slight,
provided that the patient is followed carefully. When in vitro sensi:
tivity tests indicate the need for chloramphenicol, it should be used.

«w
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complete and rapid reduction of the bowel bacteria. Prolonged ad-
ministration of intestinal antiseptics leads to disappearance of vitamin
K-producing coliform bacteria and a reduction of plasma prothrombin.
For this reason, it is recommended that parenteral vitamin K be given
before operation, to correct a possible bleeding tendency.

PeniciLun.—At present, penicillin is the most useful and most
widely used antibiotic agent. It has a high level of potency, is almost
nontoxic and is cheap. It is the antibiotic of choice in the treatment
of all gram-positive infections, including those of staphylococeic,
preumococcic and streptococcic origin. It is also effective in the treat-
ment of gonorrhea and syphilis. It has the disadvantages of poor
gastrointestinal absorption, rapid renal excretion and poor penetration
of the blood-brain barrier. As mentioned before, it is inactivated by
penicillinase. Allergic and toxic manifestations to penicillin adminis-
tration are infrequent (about 5 per cent) but are potentially serious.

The penicillin preparations commonly used include: (1) pro-
caine penicillin G (for aqueous injection), (2) crystalline potassium
penicillin G (for aqueous injection), (3) potassium penicillin tablets
(for oral administration) and (4) procaine penicillin G in strepto-
myein or dihydrostreptomycin sulfate solution,

There are certain general principles in the use of penicillin which
should be kept in mind. (1) The organism causing the infection should
be known. If response to treatment is not prompt, the sensitivity of
the organism should be tested. (2) The tissue concentration of
penicillin should be adequate to inhibit completely the growth of
organisms. (3) It is desirable to maintain a minimum effective
concentration of penicillin in the tissues at all times until the patient
has recovered.

There are no established dosage levels for penicillin therapy. The
general tendency is to give v nily large because of
its low toxicity. Meleney has stated that, if penicillin is going to be
effective, it will probably be effective with doses not exceeding
200,000 units a day. In general, the following dosages are used: .

1. For prophylaxis in the treatment of wounds and bums, or in

the prevention of postoperative complications: 100,000 units
of erystalline penicillin G combined with 300,000 umts of
procaine penicillin G daily, or twice daily.

2. For serious surgical infections: 500,000 units of crystalline

penicillin G every eight hours, or the combined aqueous and
procaine preparation every twelve hours. If there is no response
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for intramuscular injection. This drug likewise has some degree of
renal and nerve toxicity when given parenterally. It should never be
given intravenously.

Neomyein is widely used for topical application to infected sur-
faces. It may be applied as a wet dressing in a concentration of 5.0
mg./ml, or in powder or ointment form. It is also effective against
many gram-negative organisms. It must not be given parenterally,
Oral preparations are effective against the intestinal bacteria, and
neomycin is often used in combination with sulfonamides pre-
operatively.

1t should be pointed out that dilute organic acids (citric, lactic
and acetic), certain detergents, and hexachlorophene soaps also have
antibacterial properties and are useful in suppressing saprophytic
infections. It may be unnecessary to resort to the topical antibiotics
when wound contamination or surface infection exists. Much can be
accomplished by simple clean care and the application of less ex-
pensive and probably equally effective agents.
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The broad-spectrum antibiotics are available in capsules contain-
ing 50-250 mg each. The dosage varies from 1.0 to 2.0 Gm daily,
given in dwvided doses every four to eight ‘hours. Except in severe
infections, 750 mg to 1 Gm. daily is adequate. When intravenous ad-
ministration is required, the special preparations and diluents provided
by the manufacturer must be used and the instructions followed care-
fully. Both chlortetracycline and oxytetracyeline have been recom-
mended for bowel preparation, and both are effective in the treatment
of peritonitis.

Tetracycline has been available for clinical usage since 1933. Its
antibacterial spectrum is similar to that of chlortetracycline and oxy-
tetracycline, and it is said to be better tolerated. It is probable that
tetracycline will replace the older agents in time. The dosage and
routes of admmistration are the same as for the related drugs.

Erythromycin and carbomycin also became available in 1953
Both are effective against the gram-positive bacteria, certain large
viruses and the rickettsias. Erythromycin is most useful when the
infection is due fo penicillin-resistant gram-positive cocci or when
the patient 15 sensitive to penicillin The place of carbomycin in anti-
bacterial therapy has not as yet been established.

Axtsrotics Usep ToPICALLY 1% SURGICAL INFECTIONS —~Bacitracin,
polymyin B and neomycin are commonly used for topical application.

Bacitracin has a broad bacterial spectrum and is bacterjocidal in
direct proportion to its concentration. It is effective against staphy-
lococcal infections which have become resistant to penicillin. It is not
inactivated by penicillinase. It has no locally irritant effect and little
tendency to produce allergic reactions. Systemic administration of
bacitracin is limited by nephrotoricity, but serious renal damage can be
avoided or prevented by proper regulation of dosage. Bacitracin is used
topically in concentrations of 100-500 units/ml. If antibiotic sensitivity
studies indicate the need for systemic bacitracin, intramuscular injec-
tion of 20,000 units three to five times daily, combined with penicillin,
is recommended
'+ Baatracin is only slightly absorbed from the gastrointestinal tract.
It has been recommended for preparation of the bowel prior to re-
section of the colon, It may be combined with neomyecin or the intesti-
nal sulfonamides

Polymyxin B (Aerosporin®) is effective against a wide variety
of gram-negative organisms, including Ps. aeruginosa. The drug is
used topically in a concentration of 1.0-2.5 mg./ml. It is also available
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Thermal Burns

AS WITH any injury, a complex sequence of general
and local reactions is initiated at the moment of burning, An old bio-
logic law is reaffimmed: nothing changes by itself, in vacuo, apart
from the whole, So, the bum problem is essentially twofold: the
patient and the burn wound; general care and local treatment. More-
over, the nature of the local changes in the burned area and the
systemic reactions to burning are not static. Changing pathophysio-
logic mechanisms operate in a framework of time. The orientation of
treatment in time-space is as fundamental as basing treatment, in the
first place, on an understanding of the anatomy of burning and of
pathophysiologic mechanisms. For example, “too much—too early”
may be, in certain situations, as fatal to the patient as “too little—too
late.”

Infinitely variable in detail, the local care of the burned area must
not be allowed to deviate from basic surgical principles of wound
treatment. The burn is an open wound, not unlike other traumatic
wounds, and the aim of therapy is to convert it without delay into a
clean and healing wound. Nothing can be done which will accelerate
healing; yet everything must be done to avoid delaying it. Under
favorable conditions, the burn wound will heal primarily, without
sepsis, if partial-thickness skin loss has occurred or secondarily if
full-thickness loss has taken place.

The general reactions to an extensive body bum are complex
and incompletely understood The approach to the burned patient
will be chaotic and confused unless it is based on modern concepts of
cardiovascular dynamics and shock, water and electrolyte balance,
total nutri.tion, respira.tory physiology, the metabolic Tesponses to stress
and buming, endocrinology and surgical bacteriology. Such is the

181
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permeability and loss of fluid from the surface and into and around
the burned area.

In a third degree burn there is complete destruction of the skin
and its appendages, as well as of deeper structures. Healing occurs
only after the dead burned tissue has been removed and epithelium
has been regenerated from the wound margins or the area is covered
by skin grafts. A third degree burn may be less painful than a second
degree burn because nerve endings are destroyed rather than exposed.
In third degree burns the surrounding areas usually sustain some
second and first degree damage. In most burns the burned area varies
greatly in size and depth. Infection is always a problem in serious
bums. Dead tissue is an ideal pabulum for the growth of the resident
skin bacterin and the transient organisms which may be introduced.

Initially, it may be impossible to determine with accuracy the
relative extent of second and third degree injury unless the exact
agency and exposure is known. Therefore, in the presence of an ex-
tensive bumn, one must assume that the injury is serious and that
treatment for prevention of shock is required. It is a common error
to underestimate the depth of the burn. The clinical measurement
of the surface aren involved is based on the “rule of nines” (Fig. 31).
One may caleulate each upper extremity to represent 9 per cent; each
lower extremity, 18 per cent, the anterior and posterior surfaces of
the trunk, each 18 per cent; and the head and neck, 9 per cent. In
infants and children these estimations must be corrected according to
age, giving a higher percentage for the head and smaller percentage
for the extremities.

Locau EFrFecTs

After severe burning, there are various gradients of injury at
different levels in the burn wound. The damage which results may be
either reversible or irreversible,

The special sigm’ﬁcance of irreversible tissue chzmges in the zone
of injury relates to the immediate survival problem of burn shock and
the systemic requirements of the bumed patient. The extent of the
bumn, in terms of surface area, is related directly to the immediate
mortality from burn shock in the first forty-eight hours or sn.

The severity and type of injury at different levels in an extensive
bum wound can be described as follows:

1. At the surface, irreversible tissue injury and cell death by
charring or coagulation-necrosis follow critical exposure to high tem-
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broad framework supplementing the technical know-how of treat-
ment. Even so, survival is unlikely should the surface area of the
burm approximate 50 per cent.

Burns are generally considered according to the depth of tissue
injury and classified into first, second and third degrees.

A first degree burn produces simple cutancous erythema and
edema. It involves only the must superficial Iayers of the skin. There

pos!. post.

Fic 31.~Estimated percentage of surface area of the adult body according to
the “rule of nines.” In infants and children, the head represents a relatively larger
and the ies a smaller of the body surface,

is minimal penetration of the epidermis, and the problem of infection
is generally neghgible Such a burn may be quite painful, but it heals
rapidly with or without treatment. Serious systemic effects are rare
unless the bum 1s very extensive.

A second degree burn is characterized by blistering, It involves
varying thicknesses of the skin, but either a portion of the dermis or
epithelial 1slands of sweat gland and hair follicles remain viable.
Because of this, unless further damage occurs from misguided therapy
or infection, regencration of the skin occurs rapidly. In a burn of this
depth, there is damage to deep tissues, causing increased capillary
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laries into the intercellular fluid, causing decrease in plasma volume.
Although maximal in the first six to eight hours, a relentless loss of
plasma-like fluid with high electrolyte content continucs until an
equilibrium is reached after thirty-six to seventy-two hours. The shock
cycle of oligemia is initiated. All mechanical and pharmacologic
means which have been attempted to decrease abnormal capillary
and cell-membrane permeability in the zone of injury have proved
valueless. The volume of fluid trapped in the so-called “third space”
is roughly proportional to the area of the surface burn, since surface
area gives at least an estimation of volume of tissue involved. Surface
losses from the burned area, continued water loss by vaporization and
renal requirements contribute to the water-electrolyte deficit which
develops. Plasma loss occurs as long as there is leakage of fluid into
the interstitial spaces. Water and electrolyte requirements must be met.
Red cell mass is lowered, particularly in deep extensive burns, by a
combination of factors: intravascular hemolysis from heat, depression
of red cell formation, wound hemon-hage and surface infection, altered
iron and globin metabolism.

A danger period occurs with the shift of fluid back into the vas-
cular compartment at forty-eight to seventy-two hours. At this time,
resorption of edema fluid is a basis for cardiovascular overloading.
The maximal expansibility of the extracellular fluid has taken place,
equilibrium has been established, and a diuresis should be watched
for. Also, with vascular compartment overloading, as fluid shifts
back from the third space into the circulation, a dilutional anemia
develops. Transfusion at this time may kill by an overload.

Lunc Burn anND PULMONARY SEQUELAE

The inhalation of smoke, fire itself or gas may create a respiratory
emergency. Rapid respirations, cyanosis, thonchi and riles, and visible
evidence of burning around the face and lips should suggest this
possibility. The basic pathologic changes which occur are hemor-
rhagic or necrotizing laryngotracheobronchitis with pulmonary edema,
upper-airway obstruction and, if the patient does not die at once,
atelectasis, pneumonitis and pulmonary infarction.

HYPERPYREXIA

Seen in the first twenty-four hours after burning, when there are
signs of anoxia of the central nervous system, fever may be related
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peratures—whether the temperatures are from radiant, wet or dry heat.

2. Deep to this zone of total destruction will be an area of intra-
vascular thrombosis and varying degrees of hemolysis. Red cell hemol-
ysis may lead to hemoglobinemia and hemoglobinuria,

3. More remote from the bumed surface, the serious (but re-
versible) consequences of burning take place. Large volumes of tissues
are involved, and surface-area estimates are the best available basis for
clinical evaluation of the degree of ]eakagc of plasma-like fluid, which
takes place relentlessly for a period of some forty-eight hours through
damaged capillary membranes. The pathologic shift of plasma volume
with trapping of plasma-like fluid in the extracellular space of the
burned area 1s largely responsible for burn shock. Alterations in cell
membrane permeability also result in abnormal internal shifts of
sodium and potassium between the tissue cells and the extracellular
fluid, Wound edema progresses during the acute phase after burning,
and as much as 10 L. or more of plasma-like fluid may be unavailable
to the general body economy during this time. The replacement re-
quirement is obviously large. Burn shock, if it deve]ops, is charac-
terized by reduced blood volume, hemoconcentration and high blood
viscosity. Resorption of edema fluid occurs as the normal permeability
characteristics of capillaries in the damaged area return.

The local evidence of these fluid alterations is blistering, 1f the
injury 1s near the skin surface, and wound edema, if the deep tissues
are involved. Except for a lowered protein content, blister fluid and
lymph draining from the burned area resemble blood plasma. Since
the damage which occurs 15 nonselective, not only is fluid lost into
the extracellular space, but direct inoculation of the blood stream
with bacteria and pyrogens can occur. The adverse local effects of
wound edema are circulatory embarrassment and tissue anoxia. Edema
fluid having high protein content is an frritant which, in itself, produces
an inﬂammatory response. In special anatomic areas, such as the
respiratcry tract, um’quc risks from wound edema exist.

4. At the limits of the zonc of injury, a slight inflammatory re-
sponse with capillary dilatation and increased blood flow is the only
evidence of injury.

Sysremic Errecrs (Burn SHock)

Contributions are made to burn shock by pain, exposure and Joss
of body heat, but the significant factor in the production of shock
is an internal shift of plasma-like fluid across heat-damaged capil-
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3. Starvation, sepsis and negative nitrogen balance are the critical
factors if the first two phases are survived, until the burned area
is entirely healed. Within three to four days after burning, the total
nutritional requirements of the bumed patient for water, electrolytes,
red cell mass, vitamins, the cnergy requirement (carbohydrate and
fat) and protein must be under constant scrutiny. Stress, starvation,
the catabolic response, and exudate losses all contribute to negative
nitrogen balance. As the bumn is covered, exudate nitrogen losses
decrease. With oral intake, following the resorption of edema fluid,
zero sodium and potassium balance are maintained with dietary intake.
A large loss of body protein demands replacement of red cell mass:
500-1,000 ml. of whale blood each week may be necessary until the
patient is clearly in positive nitrogen balance; with sepsis controlled,
and skin grafting under way, recovery begins.

The problem of nutritional sustenance is a critical factor in
survival,

4. Positive nitrogen balance and convalescence are almost the
direct linear functions of nitrogen and caloric intake. As soon as burn
shock has been corrected, the intake should be increased to high levels
by tube feeding, if necessary. (See Chapter 5, on Nutritional Balance.)
Nutrition becomes the key to recovery, and the so-called stalled con-
valescence (Moore) of stationary progress (continued weight loss,
sepsis, failure of the grafts to take, and progressive decline) follows if
the trend is not reversed. It is the major mortality factor of this
period. Mortality in this phase is frequently due to physician-failure.

GASTROINTESTINAL EFFECTS oF BURNING

The oral administration of fluids during the shock period is often
not feasible if there has been major burning, for nausea and some
vomiting are the rule. A particular problem of the bumed patient
(which sometimes may have fatal results) from acute perforation or
exsanguinating gastrointestinal hemorrhage is Curling’s ulcer, the so-
called “stress ulecer” of the stomach and small bowel and duodenum.
It is apparently related to endocrine factors and mobilization of the
pituitary-adrenal axis by the stress of burning,

ReNAL anxDp HepaTIC INjURY

Renal and hepatic injury may result from anoxia due to burn shock,
from absorption of toxic breakdown products into the ciiculation or
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to a variety of factors: (1) the hypermetabolic response of stress and
burning, (2) extensive skin loss with failure of heat regulatory
mechanisms, (3) absorption of pyrogens into the circulation through
the damaged capillary membrane in the bumed area and (4) acute
liver failure. Most often, however, it is an indication of sepsis and
suggests the presence of full-thickness skin loss. If there is anorexia,
rapdly developing anemia and dressings which are soaked with
smelly exudate, cleansing, early débrnidement and skin grafting are
mdchcated.

BroLocic RESPONSE TO STRESS

The totality of the metabolic changes occurring in the burned
patient has been summarized by Moore (1951) as consisting of
(1) immobilization, (2) starvation and (3) endocrine response of
pituvitary-adrenal activation. The metabolic course of a severe 23-50
per cent surface area burn is similar to other severe injuries and will
follow four phases, about as follows:

1. Shock and sodium retention, stress and starvation, mark the
first phase of four to six days. There is relentless expansion of the
ECF because of capillary and cell membrane injury 10-15 L. of
high-electrolyte plasma-like fluid collects as wound edema. During
this period, there is almost total starvation except for the small amounts
of dextrose given intravenously. There is a relative, but reversible,
renal insufficiency from adrenal effects on the nephron and from the
changes in renal hemodynamics occurring with burn shock. The
metabolic pool of protein is called upon to meet the energy require-
ment, There may be as much as 1,000 mEq. positive sodium balance
(wound edema) and a 150 or 200 mEq. negative potassium balance,
owing to starvation.

2. Sodwm diuresis and resorption of edema are the first major re-
adjustments, occurring forty-eight to seventy-two hours after burning,
if mitial burn shock has been survived. Evidences of activation of the
pituitary-adrenal axis persist: alterations in renal excretion, eosin-
openia, increased 17-ketosteroid excretion, etc., but at a critical point
the balance shifts, the capillary membrane reconstitutes its normal per-
meability characteristics and a water-sodium diuresis of edema fluid
begins, as edema fluid shifts back into the vascular compartment. This
is the danger period of water overload. Increased renal excretion of
water, in excess of 100/ml. hour, points out the need for caution in
parenteral therapy.
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in an effort to lower the hematocrit to more nearly normal levels.

Experience has shown that the most satisfactory guides to therapy
are: the urinary volume output, the urine specific gravity and the
clinical condition of the patient. Other things being equal, as Jong
as there is an adequate urinary output, there is na need to be greatly
alarmed; but if the output falls markedly or ceases, trouble can be
expected. The seriously burned patient should have an indwelling
catheter inserted into the bladder, and the urinary output should be
measured and recorded every hour. A rate of 30-50 ml./hour is con-
sidered optimal.

Although some clinicians prefer plasma transfusions in the early
treatment of burned patients, most favor whole blood in adequate
volumes. Hemoconcentration as a result of red cell overtransfusion has
not been shown to be the cause of death in burn patients.

It is safer to anticipate shock and begin treatment than to await
unequivocal signs of shock. Homeostatic mechanisms may support
the patient for a time, and then fail rapidly. As it is basic to all medical
therapy, so it is with shock: it is easier and more desirable to prevent
rather than to treat.

Equal volumes of whole blood and ECF-like solutions should be
given. The electrolyte solution consists of 0.9 per cent sodium chloride
and M/6 sodium lactate in a 4:1 ratio Plasma expander (dextran
derivative) in the amount of 500 ml. is acceptable in the adult patient.
If the burn is not extensive and the patient responds satisfactorily,
this may be all the blood or blood substitute required. Following
these substances, the saline-lactate mixture may again be given. The
quantity of the saline-lactate mixture should rarely exceed 1,500-2,000
ml in twenty-four hours; otherwise the tendency to edema is likely
to be increased. Glucose, 5 per cent in water, is given to supply
metabolic needs.

As soon as the patient is able to take fluids, the oral route should
be used: a solution consisting of 1 teaspoonful (or 4 Gm.) of table
salt and % teaspoonful of baking soda added to a quart of water will
provide needed electrolytes and will obviate the danger of fluid over-
load. Because the quantity of salt is small, it will not cause nausea and
can be taken instead of plain water. The mixture may be flavored
with raspberry or a similar substance to make it palatable.

If the urinary output is satisfactory and the specific gravity is low,
the rate of fluid administration may be decreased. If the urine specific
gravity remains high, the rate of flow should be maintained or in-
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from bacteremia and established sepsis, Hemoglobinuria also occurs.
Almost all kidney shutdowns in the burned patient are physiologic
oligurias from adrenal factors and circulatory effects of inadequate
blood volume replacement, and are reversible with time and adequate
shock therapy. Acute renal failure is uncommon. Hepatic necrosis
is rarely scen. Tannic acid therapy, which was formerly popular, pro-
duced a relatively high incidence of liver damage, owing to tannic
acid absorption from the burned surface.

TREATMENT oF BURNS

A small, simple burn is easily treated with petrolatum gauze and
a dressing. It will heal rapidly provided that the healing process is
not disturbed by repeated changes of dressings or the application of
harmful substances.

Severe second or third degree burns, however, are different prob-
lems. The first objective is to keep the patient alive during the critical
phase of the shock (forty-eight to seventy-two hours). An estfmation
of the percentage of burned body surface should be made. The
depth of the burn will vary in different areas, and gross evaluation
is usually adequate. It is usually better to overestimate the seriousness
of the burn than to underestimate it.

If the patient is not in shock, blood js drawn for typing and
cross-matching, and an intravenous infusion is started. If the patient
is already m shock, it may be necessary to cut down on a sizable vein
(usually at the ankle) and insert a cannula, preferably of the poly-
ethylene type. If the patient is in impending shock or established shock,
a plasma expander is started. It is important that blood be withdrawn
for cross-matching purposes before the expander is administered.
Otherwise there is likelihood of cross-matching difficulties later.

Until recently, the hemoglobin level, red blood cell count and
hematocrit value were used as guides to the administration of blood
and other fluids. It has been found, however, that these indexes in
themselves are often of little value and may even lead to dangerous
errors. While 1t is true that the fluid portion of the blood is lost in
greater quantity than the red blood cells during the acute postburn
period, there is also an inevitable loss of red cells, which in some
instances may be extreme. The hematocrit may remain elevated for
five or six days after the burn has been incurred. If the hematocrit
is followed, there is a dangerous temptation to give excessive fluid
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a small woman), and (2) the location of the bumn (e.g, burns of
the buttocks or scrotum may lead to sequestration of Jarger quantitics
of fluid than in bums of other areas). There are no formulas which
can take the place of good clinical judgment.

LocaL TREATMENT oF SEnrious Bunns

When shock treatment has been instituted and when the patient
has responded favorably, attention should be turned to the local
treatment of the burns,

The “exposure” and “open” treatment of bumns has recently been
advocated by some surgeons. This method depends on the fact that
after several hours the serum exuding from the burned surface coagu-
lates and forms an eschar or covering crust, which seals off the area.
The exposure method, however, has certain drawbacks. For example,
if there is a circumferential burn of the trunk or extremity, the de-
pendent surface usually becomes adherent to the bedsheets and the
burn remams wet. The eschar may peel off when the patient moves.
In some regions (e.g, extremity) this difficulty can be avoided if
the part is suspended and kept dry. If properly used, the exposure
method probably leads to less maceration and loss of viable tissue
than the closed method.

After the initial period, pain also appears to be less intense when
the burn is permitted to dry in the air. There is also some evidence
indicating that the febrile reaction is less and that the patient feels
better and has a better appetite when treated by the open method.
However, later, when the dry eschar begins to crack, especially around
the edges, dressings are necessary to prevent further bacterial con-
tamination from the outside The exposure method appears to have
its greatest usefulness in extensive first and second degree burns,
which usually heal rapidly regardless of the type of treatment used.

The “closed” method, or covering of burn sites by bandaging, is
usually preferable provided that it is used in a sensible manner, It is
not generally practicable to bandage the face, genitalia or the per-
ineum, because these areas rapidly become soaked with exudate and
secretions, producing maceration. Burns in these regions are best
handled by simply applying petrolatum gauze as often as necessary or
by leaving them exposed.

The local treatment of a serious bumn is shown in Figure 32. How-
ever, it is important that bum treatment be individualized and flexible
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creased If the urinary output falls below 25 ml./hour in spite of a
rapid infusion (120 drops/minute), blood should be given again,
because this may be warning of impending shock.

In the event of mass catastrophe, it would be impracticable to
follow the hourly urinary output and to give individual attention to
each bumn casualty. Under these circumstances, the formulas given
in Table 12 may be used as a guide to blood and fluid needs.

TABLE 12.—SurracE ARea ESTIMATE OF REQUIREMENT OF BLOOD-PLASMA
Exparper aNp ELECTROLYTE SoLuTiOoN
DAY OF BURN
a) 1.0 ml of blood-plasma expander/kg. body weight/1% surface area buned, in
the first 24 hours, .
b) 10 ml. balanced electrolyte solution/kg. body weight/1% surface area burned
in first 24 hours,
¢) 1,000-2,000 ml. 5% glucose in water for metabolic needs.
Note: Do not give more than 8-10 L /24 hours, regardless of the extent of the

urn.

First 8 hours % fluid volume, then %, ¥ in subsequent periods. Anticipate.d

renal response: 30-50 ml./hour. Increase the rate of infusion if there is

ohguria, decrease rate of infuston if more than 50 ml /hour.

SECOND DAY

Reduce the blood and electrolyte administration to % or % of the burn-day estimate.
2,000 ml. 5% glucose in water for metabolic needs.
Volume limitation: about 5 L.

The caleulated volume should consist of whole blood, blood
plasma or plasma expander and an equal volume of electrolyte solu-
tion. In addition, 1,000-2,000 ml. of 5 per cent dextrose should be
administered during the first twenty-four hours after burning, During
the second twenty-four hours, one half to three fourths of the calen-
lated quantities should be given.

The requirements for a 60 kg. patient with a 30 per cent bumn
are: 1 X 30 X 60 = 1,800 ml. Thus, 1,800 ml. of blood or of blood and
blood substitute, 1,800 ml. of electrolyte solution and 5 per cent dex-
trose in amounts from 1,000 to 2,000 ml. should be given in the first
twenty-four hours. One half of this quantity of blood and electrolyte
solution and 1,000-2,000 ml. of 5 per cent dextrose should be given in
the second twenty-four hours While formulas of this type have a place
in therapy, it should be recognized that all biologic phenomena are
subject to so many variables that generalization is dangerous. Some
obvious variables are: (1) the effect which burns of various depth
have on the development of wound edema (thus, the same percentage
of burned bedy surface in a large man is not comparable to that of
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venous and lymphatic stasis but has a negligible efect on the develop-
ment of edema. If pressure is applied for the purpose of preventing
edema, there will be interference with blood flow and fluid will collect
in areas beyond the pressure dressing. Improperly applied pressure
dressings have sometimes endangered life and limb. For example,
if a pressure dressing is applied to a burn of the forearm, leaving the
hand and wrist free, marked edema and venous congestion of the
hand soon become evident. In such an instance, contracture (resem-
bling Volkmann's ischemic contracture) may develop if the dressing
is allowed to remain in place over a period of days. If pressure dress-
ings are used, the bandage should always incorporate the distal part
of the extremity. Burns of the hand require that each finger be
covered separately and the entire hand then wrapped in the “position
of function.” On the chest or abdomen, circular compression dressings
should be avoided, or applied with great care, in order that they
produce no disturbances in ventilation or circulation.

All burned patients must receive tetanus antitoxin (at least 3,000
units) or a booster dose of tetanus toxoid if active immunization has
been previously established. Topical antibiotics are not generally
used. Systemic admimstration of antibiotics (usually penicillin)
should be begun immediately and continued as needed. The delayed
coagulation of bum exudate favors development of high local con-
centrations of the antibiotics in the early postburn period.

PostBURN TREATMENT

Burned patients who have been exposed to noxious gases or who
have lost consciousness during a fire are prone to develop pulmonary
complications. They are best treated in a highly humidified room,
preferably of the “cold” type. Antibiotic therapy should be vigorous
in order to aid in the prevention of these complications. Oxygen is
often essential. Repeated aspiration of tracheobronchial mucus is
indicated. If there is airway obstruction (manifested by stridor, re-
traction of the chest with difficult breathing, apprehension, cyanosis or
restlessness), tracheotomy should be performed without delay. The
respiratory difficulty is usually overcome in five to six days if care
is vigilant and sustained.

When the patient has a marked rise in body temperature, every
effort must be made ta reduce the fever promptly (see Chapter 30,
on Head Injuries). A sustained elevation in the range of 105° F,
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and that those conditions which may lead to further tissue damage
be avoided. Cleansing of the burned areas with either a detergent or
a mild soap, rinsing with saline solution, opening of the blisters and
removing loose dead tissue has been accepted practice. However,
these measures may lead to increased local damage and do not pre-

Fic 32 —Steps 1n the local treatment of a serious burn. A, washing of bum'ed
area with a detergent soap and water B, irrigation with warm physiologic ;alme
solution C, débnidement of loose skin, Blisters need not be opened. D, appllca!fOn of
a nonadherent dressing, such as petrolatum-impregnated gauze, E, npplica,t,mn of
plamn gauze compresses F, application of sterle mechanic’s waste or “fuffed’ conts
presses The hand 1s then covered and mmobslized in the “position of function
and an outer elastic roller bandage applied.

vent infection in third degrec burns. Extensive cleansing and débride-
ment are rarely necessary It is simpler and probably equally effective
to use a detergent only when grease must be removed.
Petrolatum-impregnated gauze should first be applied to the burned
area, and over this many sponges and finally a bulky material, such
as sterile mechanic’s waste. Over the entire dressing a circular elastic
bandage should be evenly applied. Compression serves to reduce
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eight to seventy-two hours, and if the burn bed is clean, it is usually
ready to receive skin grafts. Red granulation tissue will not be present,
but the raw surface will accept grafts and they will grow with a
minimal scarring. If, instead, the surgeon awaits spontaneous separa-
tion of the slough and regeneration of cpithelum, the course will be
prolonged and complicated, and often the ultimate result will be
unsatisfactory. It may take days, weeks or months before strands of
collagen which bind the dermis to the subcutaneous tissues are di-
gested and separated. In the meantime, infection inanition and
“stalled” convalescence occurs. The earlier the area can be freed of
slough and covered with skin, the less will be the scarring, deformity
and mortality.

During this time, anemia may be a serious problem. If the patient
has not received whole-blood transfusions as a part of his initial
therapy, the anemia may be severe. It is necessary to check the hemo-
gram and provide blood as necessary. The food intake is all important.
Often it is necessary to augment the intake with formula feedings
administered through an indwelling polyethylene nasogastric tube.
(See Chapter 5, on Nutritional Balance.)

The patient should be returned to the operating room two or
three days after débridement, for covering of the areas with skin
grafts. The extent of the grafting procedure must be determined on
the basis of the coverage needed and the patient’s general condition.
In severe burns, it may also be necessary to stage the skin-grafting
operations The raw areas may bleed slightly when first exposed.
The surrounding areas of intact skin should be washed with bland
soap, or detergent, and water. The whole area should then be rinsed
thoroughly with saline solution. If brisk bleeding occurs, the area
should be temporarily covered with a compression bandage. Thrombin
solution, applied locally, may aid hemostasis. Split-thickness grafts
should then be removed from the donor area, usually by means of a
dermatome, and applied to the recipient area. In general, the thinner
the graft, the better the “take” (Fig. 33). Petrolatum-impregnated
gauze dressings are applied to both the donor and the recipient areas.

When the burned patient has been permitted to go without skin
coverage for long periods, the loss of protein, red blood cells and
electralytes from the granulating surface may be excessive. Patients in
this state usually present an entirely different problem from that
encountered in recently burned patients. Malnutrition, anemia and
hypovolemia may be severe. Blood transfusions and careful dx'etary
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(41° C.) cannot be tolerated for many hours. If less than 50 per cent
of the skin surface is accessible for sponging with an alcohol and
water mixture, it may be necessary to remove the dressings and expose
the burned arcas to the air. The room should be cooled and electric
fans used to bring the patient’s temperature down to more normal
levels. If an air-conditioned room is available, this should be used
Heat cradles should never be placed over burned patients.

It is known that paticnts with severe burns require large quantities
of vitamin C During stress the adrenal cortex probably requires large
amounts of ascorbic acid to maintain its function. Vitamin C is there-
fore given in high dosage parenterally during the treatment of the
severely burned patient.

There is some danger in attempting to replace protein losses im-
meduately by a high protein intake. A pseudo-diabetic state may result
from the augmented excretion of adrenocortical hormones during the
carly postburn phase. There may be excessive fluid loss associated with
glycosuria, severe depletion of the blood volume and shock. Accord-
ingly, feedings which may aggravate the glycosuria are withheld in
the early period of profound response to stress.

Because immediate assessment of the depth of a serious burn is
difficult and usually inaccurate, final evaluation is generally deferred
for ten to fourteen days. After this period, first and second degree
burns will be healed, or nearly healed, and third degree burns will
be evident. At this time, excision of necrotic tissue should be per-
formed and preparations for grafting made Various substances have
been suggested to speed separation of the necrotic tissue, but none
have proved completely successful. The substances which have been
tried melude. pyruvic acid and proteolytic enzymes such as strep-
tokmase and streptodornase, pancreatic trypsin and collagenase (an
enzyme derived from Clostridium histolyticum).

When surgical excision of the slough is undertaken, adequate
whole blood must be available for transfusion in case severe blood
loss occurs, If a well-defined plane separates the dead and healthy
tissues, blood loss is often slight, but this may not be anticipated in
advance.

After the dead tissue has been removed, the raw surface is covered
with fine-mesh petrolatum-impregnated gauze and pressure dressings
to control cozing In extensive burns, débridement of only selected
areas consistent with the safety of the patient may be desirable. The
procedure then may be completed in stages. After a delay of forty-
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the dressing. The whole area should again be covered with more gauze
or sterile mechanic’s waste and then secured with an elastic bandage.
The irrigating fluid (usually saline solution) can be introduced at
frequent intervals (usually four hours) in order to maintain a wet
dressing. Under aseptic conditions the dressings should be changed
daily.

}1,\5 soon as the granulation tissue becomes clean, red and healthy-
appearing, skin grafts should be applied. If the granulations appear
unusually prominent {exuberant), they may be shaved down with a
sharp skin-graft knife. All bleeding must be controlled before skin
grafts are applied. The grafts are placed on the recipient area, generally
without suturing, and finé-mesh petrolatum-impregnated gauze,
sponges and elastic bandages reapplied. When grafts are placed over
joint surfaces, splints or plaster casts are incorporated in the dressing
to insure immobilization. In five or six days the grafted areas may be
redressed.

The back is the preferred area from which to obtain skin. Here
the dermis is thick, and healing occurs rapidly. If a very thin graft is
taken, the donor area will usually heal in ten to fourteen days; and,
if necessary, it may again be used as a source of skin for grafting.
Unless infection develops, the donor area need not be redressed until
heahing is complete.

In extensive burns, it is occasionally necessary to apply homografts
which will serve as a temporary covering during the critical early
postburn period. This situation is met especially in children, and
sufficient skin donor area may not be available. Homografts may be
removed from healthy donors (without regard to blood type), or
from cadavers immediately following death, and applied to the burned
surfaces. If possible, islands of the patient’s own skin (autografts)
should be placed between the homografts. The homografts will dis-
integrate and disappear in six to eight weeks, but the autografts will
provide a continuing source for re-epithelization.

Bumns of the hands, joints and face require special attention.
Burns of the hands must be débrided and covered with skin as soon
as possible. The longer the delay in securing skin coverage, the
greater will be the scarring and disability (Figs. 34 and 35). The
hand should be held in the “position of function” while immobilized:
and as soon as conditions permit, it should be mobilized. When skix;
is applied to burned areas over joints, the maximal surface area should
be grafted and the part should be immobilized in a plaster splint.
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management are necessary to reverse these deficits, As soon as the
blood volume and red cell mass has been restored, and nutritional
deficiencies have been corrected, rapid improvement will be observed.

The infected granulation tissue of neglected burned areas can be
stimulated and cleansed with saline dressings. Immersion of the
patient into a clean, warm bath, to which two or three handfuls of

Fic. 33,~The palm of the hand after apphcation of a spht-thickness ;km gyaft
for burns. Here a 100 per cent “take” of the graft is shown. Mobilization with a view
to restoration of function is now possible.

salt is added, may be required in extensive burns. This helps clean
up the areas, permits easy removal of dressings and permits early and
painless movement of joints which are not covered with granulation
tissue. In some instances when gross infection exists, a detergent ot
soapy solution may be added to the bath water. When there is a great
deal of green pus (pyocyaneus), wet dressings containing %-1 per cent
acetic acid solution will be effective in suppressing the infection. The
granulations are best covered with fine-mesh gauze, which permits
wound drainage but does not allow granulation tissue to grow into
the interstices of the gauze. Ordinary gauze sponges should be ap-
plied over the fine gauze, and irrigation catheters incorporated into
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For example, in a bumn over the extensor surface of the elbow, the
skin graft should be applied with clbow in flexion, and a splint ap-
plied to hold it in this position. Similarly, if the burn is on the flexor
surface, the graft is applied and the elbow immobilized in extension.
For burns of the face, neck and axillae, early skin coverage is also
required in order to avoid excessive scarring and contracture.

Many of the late complications of bumns, such as contractures,
deformities, and keloids, can be minimized by proper handling; but
some are inevitable because of the magnitude of the original injury.
Most burns are more than skin deep. Their correction comprises an
interesting but complex facet of specialized surgical treatment.
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Fic. 34 (abote) —Late result of delayed healing of deep burns of the face and
upper extremities in 2 child Note the marked scarring, flexion contractures (neck,
elbows, wrtsts and hands) and Leloids and the donor area on the lower chest from
which a shin graft had been taken Some of these complications could have been
prevented by earher grafting and mobilization

Frc 35 (below).—Delayed healing and marked contracture of the hnee due to
a neglected deep burn Treatment at this time consisted of immediate covermg of
the burned area with skin_grafts and subsequent excision of scar tissue from the
popliteal area and skin grafting with the knee in extension.

19K
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Fic 36.—Keloid formation in an old laceration of the shoulder. Note that the
vaccination scar does not show this tendency to fibrous tissue hyperplasia.

strong case for hyperplasia as the underlying disturbance. However,
the issue is principally of patholugxc, rather than clinical, interest and
need not concern the student at this time.

MALIGNANT TUMORS

The term “cancer” is used loosely to designate all types of malignant
tumors. A malignant tumor is a new growth which exhibits a specific
type of biologic behavior: if left untreated, it will ulﬁmately bn‘ng
about the destruction of the host by virtue of its excessive growth and
dissemination. The outstanding characteristic of cancer is its biologic
effectiveness. Cancer cells are set apart in that their ability to survive
within the host is greater than that of normal cells. This ability is
related to certain intracellular mechanisms which are transmitted in an
unbroken sequence to all subsequent generations of cells. Once the
intracellular changes appear, neither the original cell nor jts progeny
is able to revert to normal. By analogy, cancer cells closely resemble



CHAPTER 9

Basic Considerations in
Management of Tumors

A TUMOR is defined as a swelling, a mass or a space-
occupying lesion from any cause, but it has come to mean a new
growth or neoplasm as a result of time-honored and wide usage. A
neoplasm is a tumor derived from the tissues of the host. As such, it
must be differentiated from malformations and masses due to hyper-
plasia, inflammation and repair phenomena. .

All tissues of the body are able to produce new growths, but this
ability is most often exhibited by those tissues having the greatest
regenerative capacity and the least specialized function. New growths
may be benign or malignant, according to their clinical behavior and
pathologic characteristics. .

To the climcian, a benign tumor is a neoplasm whose biologic
behavior is such that the life of the patient is not endangered, except
by reason of the size, position or complications which the tumor may
cause locally, In contrast with malignant tumors, benign tumors re-
main confined to the area of origin and do not invade tissues or
metastasize.

It is often difficult to distinguish between benign tumors and
localized hyperplasia of tissues, for one may blend into the other.
Hyperplasia can result from an exaggeration of tissue repair, such as
is seen in keloid formation (Fig. 36); or it may result from endocrine
dysfunction, as in hyperplasias of the breast and prostate. The problem
of separating benign neoplasms from the hyperplasias is pointed up
by such diverse conditions as: colloid goiter, leiomyoma of the uterus
and functioning islet-cell tumors of the pancreas. One might logi-
cally question the existence of benign neoplasms as such and make 2

200
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The growth of cancer is characterized by excessive and aceelerated
cellular reproduction, local infiltration and destruction of normal
tissues, and metastasis. “Metastasis” refers to the independent growth
of tumor fragments which have become detached and transported
elsewhere in the body. The tissuc fragments may be disseminated by
embolization, permeation or gravitational spread. The routes of trans-
port are: the lymphatic channels (Fig. 37), the blood vascular chan-
nels, the cerebrospinal fluid system and the serous cavities. The pattern
of infiltration and metastasis for a given neoplasm is predictable within
certain limits. Lymphatic metastases usually occur sequentially to
regional lymph nodes, then to more distant nodes and eventually to
the venous system, through which widespread dissemination occurs.
Blood-borne metastases are generally filtered out in the lungs and
the liver, where they grow and produce other metastases. Blood-
borne metastases from certain organs (breast, thyroid, prostate, kidney,
lung) often lodge and grow in the bones of the axial skeleton. Pre-
sumably, tumor emboli may be conveyed to bone through the vertebral
venous plexus without passing through the lungs (Batson).

ETi0L06Y OF CANCER

Etiologically, cancer is a group of diseases rather than a single
disease entity. The ultimate cause or causes of cancer are obscure,
but many factors are known to be concerned with carcinogenesis.

Cancer occurs predominantly in the older members of the popula-
tion, and the incidence of cancer increases greatly with aging. In
infancy and up to five years of age there is a minor peak, which is
followed by a decline during puberty and early adult Lfe. The in-
cidence increases at age thirty and continues to mount with advancing
age. Initially the rate of increase is greater in females, but shortly it
is surpassed in males. While this is the over-all general pattern, there
are wide variations in the incidence of cancer according to specific
sites and sex. The student is urged to consult works on the epidemiology
of cancer for a consideration of these aspects of the cancer problem. =

A genetic or hereditary predisposition to cancer is suggested by
many experiments in animals. The role of heredity in humans has
been established in such conditions as retinoblastoma, xeroderma
pigmentosum and polyposis of the colon, but its relationship in other
neoplastic diseases has not been established. The problem is under.
standably difficult to unravel, but progress is being made. -
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the very prumtive forms of life in their ability to maintain an unbroken
line through division of each cell.

The ahility of the cancer cell to perpetuate itself is enhanced by
the fact that it can thrive in most tissuc and fluid environments of
the body. Thus, cells which are transported to other areas can “take
root” and form sccondary tumors or metastases. Furthermore, cancer
does not usually induce a defense reaction on the part of the body
designed to destroy the invading cells. The relationship actually may

Fic 37.—Distribution of carbon particles after injection into a mesenteric lym-
phatic vessel Note that the particles pass directly to the first node, then to an adja-
cent node (1), then by other channels to nodes not in direct communication (2).
The latter type of invol nt may be idered an le of de flow
wlich occurs when the direct channels are occluded. This condition may occur
when the lymphatics are bloched by mflammation or tumor cells It is believed that
lymphatic dissermnation of tumor embolt occurs in a sinular manner, {From
Gilchrist )

be one of tolerant coexistence until such time as the normal tissues
are surrounded and destroyed. This is not to imply, however, that
the body possesses no natural deterrents to the growth of cancer cells.
That there must certainly be such mechamisms is indicated by fre-
quent periods of quiescence, occasional instances of spontaneous re-
gression and rare spontancous cures.

Cancer cells also possess the ability to defend themselves. This
is indicated by the fact that some tumors which are radiosensitive
mtially may become radioresistant later, and those which respond
to certain chemotherapeutic drugs may later become nonresponsive.
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Diacnosis oF CANCER

The gross characteristics of cancers vary according to the tissue
and site of origin, the growth potential of the tumor, the available
blood supply, the local complications produced by the tumor (inflam-
mation, ulceration, hemorrhage, necrosis, obstruction, etc.), the re-
action evoked in the surrounding tissues and, to some extent, the age,
sex and general condition of the patient (Fig. 38).

Many cancers tend to grow rapidly and to infiltrate widely.
Cancerous tissues are usually more firm and less freely movable
than normal tissues. Characteristically, neoplasms are painless and

Fic. 38 —Basal cell carctoma near the eyelid 1n an elderly man The lesion was
treated by wradiation.

insensitive because they possess no nerve tissue. Only as they com-
press, invade or otherwise irritate nerves do they produce pain and
tenderness. This is the fundamental concept which von Mikulicz had
in mind when he said: “There are no symptoms of cancer, only symp-
toms of the complications of cancer.”

The microscopic appearance of cancer varies also, but generally
the pathologic diagnosis is based upon well-defined criteria. These
include: lack of normal cellular differentiation, bizarre cell forms,
increased staining properties (hyperchromatism), abnormal numbers
of mitotic figures, disorganization of the histologic pattern, abnormal
cells beyond normal cell boundaries and abnormal cells within lym-
phatics, blood vessels or lymph nodes.

Biopsy is necessary for the definitive diagnosis of cancer. It is
defined as the removal and examination of tissue from a living sub-
ject for diagnostic purposes {in contradistinction to necropsy). It is
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A number of dietary factors have also been implicated in certain
types of cancer. For example, it is postulated that the high incidence
of gastric cancer among the Japanese may be related to a low intake
of vitamin B.

Certain metazoal parasites, notably liver flukes, appear to incite
hepatic cancer. Whether such tumors result from local irritation or
specific carcinogens secreted by the parasite is unknown,

Chronic irritations, associated with repeated tissue destruction and
repair, are prone to lead to malignant growth. This is exemplified by
the development of cancer in Jong-standing skin ulcers, chronic sinuses
and protracted ulcerative colitis,

Radiation and radiation injury also predispose to cancer. Gamma
radiation and x-radiation, both valuable modalities in the treatment
and control of neoplasms, may produce cancer by injudicious exposure.
Similarly, excessive exposurc to solar radiation may lead to skin
cancer.

The polyeyclic hydrocarbons derived from tar and petroleum are
known carcinogens. Most of these substances produce cancer at the
site where they are applied. The type of ncoplasm which results ap-
pears to depend more upon the method of application of the carcino-
gen than upon the specific action of the substance. For example, if 2
certain substance is applied to the skin over a long period of time,
a carcinoma will develop; if the same substance is injected, a sarcoma
will appear.

The role of hormones in the initiation, growth and regression qf
certain neoplasms has received much attention. There is ample evi-
dence to indicate that the estrogens are concerned with the growth
of breast cancer, that androgens are associated with the growth of
prostatic cancer; and that, experimentally, blockage of thyroid hormone
production with massive doses of antithyroid drugs results in malignant
goiter. The therapeutic value of hormones in advanced cancer is also
well documented.

There is much to support the theory that cancer is caused by
viruses. Tumors of virus origin are widespread in nature. They have
been identified in plants and animals, but, as yet, have not been
recognized in man. However, it is reasonable to believe that at Jeast
some forms do exist in man. Research in this field is progressing at
an accelerated rate with the addition of new viruses and new diseases
caused by viruses each year. It is possible that this work will one day
bring an answer to the mystery of unrestrained cell growth.
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With respect to the indications for and the conduct of biopsy,
certain details should be kept in mind:
1. Pigmented moles should be removed completely, along with
a margin of normal tissue. They should not be incised or cauter-
ized.

. Other small accessible lesions which might prove to be malig-
nant should also be removed with a margin of normal tissue if
possible.

3. Lymph nodes should not be biopsied until an intensive search
has been made for a primary lesion. This rule applies particu-
larly to enlarged cervical nodes, which often are the first sign
of head and neck cancer.

4. The specimen submitted should include a margin of normal-
appearing tissue if possible. In large ulcerating lesions, several
pieces of tissue are usually removed (e.g., cancer of the rec-
tum).

5. Frozen-section examination of the specimen should be obtained

if there is need for an immediate pathologic diagnosis (e.g.,

during operation for breast tumor).

One must never accept a negative biopsy report as final so long

as any suspicion remains that the lesion may be malignant.

Repeated biopsies are often required to establish the true

diagnosis.

10

o

CLiNICAL MANIFESTATIONS OF CANCER

Malignant disease is characterized clinically by its insidious and
silent onset. Generally, no significant symptoms or signs appear until
the growth becomes large enough to produce a lump or to cause im-
pamed function of some organ. As the process advances, it causes
ulceration, bleeding, displacement, necrosis, infection or obstruction
to hollow organs, which lead to observable clinical changes. During the
early period of tumor growth, many times patients will recognize that
there is something wrong with them but will ascribe their symptoms to
vague disturbances such as “the flu,” “run-down condition,” “dysen-
tery,” “piles” or “misery.” Such complaints appearing in a previously
well person always bear mvestigation despite the fact that the patient
regards them as nsignificant and asks only that the physician “give
me some medicine to fix me up”

The “seven danger signals of cancer” have been formulated and
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the single most mformative investigative measure for purposes of
diagnosis, treatment and prognosis

In order that biopsy fulfil the purpose for which it is designed, the
tissue sample submitted to the pathologist must mect certain require-
ments It must be large enough to work with and representative of
the lesion from which it was secured. It must not be crushed, bumned,
dried out or otherwise distorted. Unless examined immediately, it
must be placed in a fixative solution, usually Formalin. Each specimen
bottle must be carcfully labeled and submitted with a record of the
patient’s name, age, sex, the clnical diagnosis and a gross description
of the lesion, the site from which the specimen was obtained and a
brief résumé of the clinical history. All this information will be helpful
to the pathologist

In the management of neoplastic disease it is a fundamental rule
that, before treatment is begun, the diagnosis must be established by
Iustologic means, if possible. This rule 1s based on the fact that ex-
perience has shown clinical diagnosis alone to be unreliable and
frequently erroneous. The errors in chnical diagnosis fall into two
general categories: failure to make the diagnosis of cancer because
the lesion is thought to be benign; and to make the diagnosis of
cancer when the lesion actually 1s benign Errors of this sort always
do harm to the patient, to the physician and to medicmne in general
They are understandably the basis for many malpractice suits. It
therefore behooves the physician, when dealing with tumors, to use
every precaution, mncluding biopsy, to protect the mterests of all
concerned

When the lesion is accessible, diagnostic biopsy may be performed
as an mtegral part of the examination of the patient. Although there
probably is some danger of spreading malignant cells into lymphatics
or blood vessels when the sample is removed, the value of the ex
amination outweighs the theoretical risks. It is essential, therefore,
that the biopsy procedures be made as atraumatic and as bloodless
as possible.

The tissue sample can be removed by incision of a part of the
lesion, by excision of the entire lesion or by use of punch-biting
forceps, a curette, an abrasive mstrument, a suction or aspiraling
device or a simple swab, The manner in which the specimen is ob-
tained is probably less important than that the sample be adequate
in size and representative of the tumor. Crusts and necrotic debris
are of no value in diagnosis
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or completely unsuspected abnormalities. Generally speaking, the
intelligent patient will not censure the physician when, after examina-
tion, the verdict is “no cancer”; but he will not forgive the physician
who has belittled his complaints or failed to make an examination,
when subsequent events prove he had cancer.

The physical findings in patients with early cancer in inaccessible
sites are also likely to be within normal limits. Only when the disease

Fic. 40.—Advanced metastatic carcinoma in the lymph nodes of the neck from
a primary tumor at the base of the tongue. A biopsy incision is present over the mass.
The .dmgnosis could have been made more simply and probably more safely b;'
locating the hidden pnmary tumor and securing a tissue specimen from it The
patient was treated with radiation but bed later to ul i loughi
hemorrhage from the neck. ’

g and

becomes sufficiently advanced can detectable changes be expected.

When the tumor is located in an accessible area, certain macroscopic

tissue changes usually appear. They include: a mass which enlarges

rapidly, a localized area of tissue thickening or induration, a chronic

ulcer which fails to heal and bleeds easily or enlarged ly;nph nodes

:lhich lie in the Iymphatic pathways of a previously undiscovered
mor.

The symptoms and signs of cancer of specific organs and tissues
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publicized by the American Cancer Society. This listing, although
admittedly incomplete, may be regarded as the clues upon which
the search for the common types of cancer can be based. We believe
the physician should know these seven signals and be in a position
to teach them to others. They are:

1. Any sore that does not heal quickly, especially about the mouth (Fig.
39

2. Any unusual bleeding or discharge from natural body openings

[ S W

Frc 39.-Epid id ( cell} i of the lower lip. Note the

evophytic nature of the growth The primary lesion was treated by frradiation; the
cervical lymph nodes by bilateral suprahyoid dissection.

. Any painless lump, especially of the breasts, lips, tongue or soft tissues
Any persi indigestion or lained weight loss

. Any progressive changes in color of a wart or birthmark

. Any persistent hoarseness or cough or difficulty in swallowing

. Any unexplained change in normal regular bowel habits

LT PN

The symptoms of cancer are nonspecific and resemble those pro-
duced by many diseases of infectious, metabolic, nutritional, neuro-
genic and psychogenic origin. It is understandable that the diagnosis
of cancer will often be missed unless the physician is trained to
“think cancer” and is prepared to search for cancer on the basis of
suspicion alone. In many instances the search will be negative for
cancer. Under these circumstances, both the patient and the physician
should be happy with the result. More often than one might expect,
however, the search will turn up potential or actual malignant disease
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The physician must also know the indications for and the limita-
tions of special diagnostic procedures, including x-ray examination and
endoscopy. Furthermore, he must consider the nced for medical con-
sultation whenever the problem is obscure or whenever he is not able
to perform indicated diagnostic measures.

It is helpful to conceive of the search for cancer according to the
accessibility of certain regions to examination. The American Cancer
Society, in a booklet entitled Cancer Detection in the Physician’s
Office (1953), lists the following regions classified according to their
accessibility to examination:

. Visible: skin, lips, mouth, tongue, vulva, penis

. Visible with instruments. vagina, anus, rectum, sigmoid, cervix uteri,
urinary bladder, larynx, lungs, stomach, esophagus, nasopharynx

. Palpable: breasts, rectum, prostate, ovaries, bones, testes

. Inaccessible (except by x-ray examination): liver, intestines, stomach,
pancreas, lungs, kidneys, brain, bone

19 =
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In the same booklet, “The Seven Tragic Diagnostic Mistakes,”
which in a sense are corollaries of the “Seven Danger Signals,” are
outlined. These mistakes are:

1. Failure to make a diagnosis of intra-oral cancer on the assumption that
it 15 a “canker sore” is an error that is avoided simply by making a bi-
opsy of the lesion.
Failure to dragnose carcinoma of the breast because the physician be-
lieves the lump is benign, such as fat necrosis or inflammation, should
never occur. A lump in the breast must be assumed to be malignant
until biopsy proves it otherwise.
3. To treat a patient with the conviction that his symptoms are due to
duodenal or benign gastrie ulcer without radiologic or laboratory evi-
dence of the disease is to miss the diagnosis of cancer of the stomach.
Barium x-ray ion of the h, gastric analysis for acid-
content, and study of the feces for blood should be performed prior to
beginning treatment of a suspected peptic ulcer.
Failure to recognize that an inguinal hernia, especially of Iong dura-
tion, which suddenly becomes symptomatic may be associated with
carcinomatous lesions of the prostate or colon is a pitfall to be avoided.
The dynamics of straining to void or defecate may be the cause of
sudden ncrease of the symptoms from the hernia. In such instances
the physician should investigate the possibility of prostatic or colon
lesions and not devate all his thought to the hemnia.
5. Tetoarden o+ a1 <.
w o o
th . . : H
. . N wv Lo geven butinonal
or other medication until cancer of the uterus has been excluded by
adequate histologic examination. Y

(5]

Cal
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are discussed elsewhere and will not be detailed here. However, the
student should be able to synthesize the clinical picture which might
be expected to appear in cancer of the different areas of the body
on the basis of his knowledge of the manner in which tumors behave
and the pathophysiologic changes which they produce.

The physician’s scarch for cancer requires that he utilize all
accepted investigative technics. Sometimes the clinical history will

Fic. 41.—Fibrosarcoma of the shoulder in a 9 year old boy. Radical local surgical
excston resulted in cure.

provide a clue to the location of a lesion, but often it is of little
help or may even be misleading. Frequently, too, the patient will have
no complamts and simply wants a “checkup for cancer.” Irrespective
of the circumstances, nothing short of complete examination should
be done (Fig. 40).

The survey must include special attention to inspection of the
skin (Fig. 41), inspection and palpation of the body openings, and
examination of the head and neck, breasts, chest, abdomen, anus,
rectum and sigmoid, and the genitalia. The blood, urine and stool
(for blood) should be examined, and an x-ray of the chest is usually
m order. In females a cervical smear is made for study of the exfoliated
cells. All patients who present suspicious accessible lesions should have
them biopsied.
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Fic. 42 —Cancer of the t colon. This sp illustrates the extent of
en bloc resection for cancer. Note that, while the lesion appears to be small, it con-
tracts and obstructs the bowel, The lumen of the bowel above the tumor is dilated
and the bowel wall is thickened {hypertrophied). Below the tumor, the bowel is of
normal size and not thickened Several anatomic structures should also be observed:
reflected above the transverse colon is the grreater‘or?entum‘; below and within the
e ea AN RS el S P et

tleum to the distal divided end of the colon. There were no metastases to the mesen-
teric lymph nodes. The patient made an uneventful recovery.

most forms of cancer are predisposed to spread to the regional lymph
nodes before they become generalized. Therefore, the type of operation
most Iikely to effect a cure is one in which the entire tumor and the
regional lymph nodes which lie in the path of its lymphatic drainage
are widely removed in continuity or en bloc (Fig. 42).

En bloc resection is applicable to many forms of cancer, but there
are notable exceptions. Certain neoplasms do not spread through
lymphatics (e.g., basal cell carcinoma of the skin); therefore regional
lymph node dissection is unnecessary. Other tumors may be unsuit-
able for en bloc dissection for various reasons—for instance, when
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6. Failure to recognize that bleeding piles may mask a coexisting rectal
carcinoma 1s a tragic oversight. Thus, even in the presence of bleeding
hemorrhoids, it is necessary to exclude the possibility of coexisting
polyps or cancer of the rectum and colon, by digital rectal examination,
proctosigmoidoscopy and barium enema.

7. To treat anemia without recognizing that cancer may be the primary
cause of the bload loss is a serious error. Cancer anywhere in the body
may be associated with anemia, and gastric and Jarge bowel cancers
are notorious for the anemia they cause,

SuncicAL TREATMENT oF CANCER

Cancer is curable if it remains accessible to removal by eperation
or to destruction by irradiation. In most types of neoplastic disease the
period of optimum curability is between onset of the first observable
local changes and the first metastases. In some cancers, however,
metastases develop almost at the onset of tumor growth, and in others
they appear late in the disease. Thus, the duration of localized growth
of cancer is extremely variable and is not simply a function of time
It involves many other factors, such as age, sex, endocrine balance
and heredity of the individual, as well as the type, location and in-
herent growth potential of the neoplasm. Much remains to be learned
about these facets of tumor biclogy.

In general, the shorter the interval between the onset of tumor
growth and the application of definitive treatment, the better will be
the results of treatment. But it is well known that the exact extent of
the cancer usually cannot be predicted on the basis of clinical findings
alone, except when the patient presents unequivocal signs of x’ncuf—
ability, such as distant metastases. For this reason, the surgeon I
obliged to treat patients with “early” and “late” (but possibly curable)
cancer alike. He cannot alter his treatment from one patient to another.
Preoperatively, he must consider the possibility that the “early” cancer
has metastasized and that the “late” cancer has remained localized. The
treatment which he applies must be equally intensive and radical in
both groups. When the discase has been demonstrated to be incurable,
then all forms of radical treatment are contraindicated and probably
harmful.

Surgical excision is currently the most important modality for the
treatment of cancer. Surgical treatment is based on the premise that,
if the entire malignant process can be removed from the body, then
the disease will be cured. But local removal is not enough, because
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infection, obstruction, distention, pleural and peritoneal effusion, etc.,
and general treatment for malnutrition, anemia, Jowered blood volume,
debility and emotional and mental disturbances. Special attention must
be directed to the alleviation of pain, fear, worry, anxiety, insomnia,
depression, suicidal tendencies and psychoses. Although the many
important facets in the care of the patient with advanced cancer which
warrant careful study cannot be discussed in this work, it is hoped
that the student will pursue this subject (sec Suggested Readings).

Operative measures which are designed to provide some degree
of palliation are of several types:

1. Removal of the primary tumor, if possible, in selected cases

2. Short-circuiting procedures when the tumor is blocking a hollow

organ and is irremovable

3. Nerve-cutting (neurosurgical) procedures for the relief of pain

Patients with removable but incurable cancer are often benefited
by local excision of the primary growth. For example, some patients
with ulcerating, smelly cancers of the breast with distant metastases
are helped by removal of the breast (simple mastectomy). Such opera-
tions may provide a temporaty but gratifying period of freedom from
pain, bleeding, infection, etc., as well as improvement in the physical
and emotional status.

Irremovable internal cancers which obstruct hollow organs are
commonly by-passed or short-circuited According to the site of the
obstruction, the by-pass may be internal or external with respect to
the surface of the body. For example, cancers of the gastric outlet
can be by-passed by making an anastomosis between the uninvolved
upper portion of the stomach and the jejunum (gastrojejunostomy), or
cancers of the right side of the colon can be by-passed by making an
anastomosis between the terminal ileum and the transverse colon. In
cancers of the lower part of the large bowel (rectum, sigmoid, colon)
a communication can be made between the bowel proximal to the
tumor and the abdominal wall (colostomy) to divert the fecal content
away from the growth, Tumors which cannot be removed continue
to grow and spread despite the by-pass, and the palliation achieved
is often of short duration.

The neurosurgical measures for the control of pain in advanced
cancer nclude: division of peripheral nerves, division of nerve roots
(rhizotomy), drvision of pain pathways in the cord ( cordotomy) and
division of tracts of centers in the brain (tractotomy or lobotomy).
The application of these procedures to patients with incurable disease
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the primary tumor and the regional nodes are widely separated. Thus,

a patient with melanoma of the foot would be treated by a discon-

tinuous type of dissection; that js, the primary lesion and the lymph

nodes in the groin would be removed through separate incisions and
perhaps at different times.

It is a rule of cancer treatment that, when dissection is discon-
tinuous either in time or space, the primary lesion must be eradicated
first. If this order is reversed, the regional lymph nodes being destroyed
first, the filtering function which they serve is lost and lymphatic
emboli from the tumor are likely to pass to other nodes, which may
be irremovable.

In summary, the principles of surgicnl treatment of cancer are:

1. Definitive surgical treatment should be applied only when the

diagnosis has been established, the disease is removable with
some hope of curc and the patient is physically capable of
withstanding the proposed treatment.

2, The operation must be carefully planned on the basis of a
knowledge of the natural history of the disease, the inherent
anatomic and physiologic problems and the measures necessary
for reconstitution of tissues after the resection.

3. The operation must be carefully executed with respect to the
fundamentals of tissue handling, avoidance of contamination
of the operative field with cancer cells and the general support
of the patient.

4. The surgeon must make every effort to restore the patient to as
near a normal state as possible. By its very nature, cancer
treatment requires that some sacrifice of structure and function
be made. How great the patient’s sacrifice should be and how
far the surgeon should go cannot be answered categorically-
The surgeon may find the answer himself in the question:
“What would I want done were I in the patient’s shoes?”

PALLIATIVE TREATMENT OF CANCER

The treatment of patients with incurable cancer is an important and
often difficult aspect of medical practice The physician can bring relief
in many ways to the patient and his family, and it may be said with
respect to the true physician that this will be his “finest hour.”

Measures available for the palliation of patients with advanced
cancer include local treatment for pain, ulceration, sloughing, bleeding,



Fic. 43 (above).—Early skin changes secondary to irradiation for cancer of the
thyroid. Note the hyperpigmentation and scaling whtch resembles the healing stage
1 severe sunburn.
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pomted out that external irradiation is no longer used in the treatment of hyper-
thyroidism,
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requires careful consideration of the probable length of life; the type,
location and severity of the pain; the effectivencss of other measures
for pain control; the personality of the patient and his reaction to
pain; the chances that the neurosurgical procedure will be successful;
and the hazards and complications of these operations,

Local measures which are sometimes useful in patients with ac-
cessible but incurable lesions include: cleansing the ulcerated areas
with liberal amounts of soap and water; saline soaks; irrigation of
ulcerated and bleeding surfaces with solutions containing mild anti-
septics, antibiotics or hemostatic substances; application of deodorant
materials (espeeially activated zine peroide suspensions); and, rarely,
application of topical anesthetic agents, electrocoagulation and ligation
of large vessels entering the ulcerated area.

Rap1AaTION TREATMENT OF CANCER

Cancer is also treated by exposure of the growth to jonizing
radiation. Ionizing radiations include electromagnetic waves, such as
x-rays and gamma rays, and high-energy particles, such as alpha and
beta particles and protons. Ionization is described as the dissociation
of individual atoms by which pairs of jons of opposite charge are
formed by the dislodgment of electrons. The jonization lasts only 2
fraction of a second, but it results in chemical changes which lead
to physiologic and morphologic effects which may be evident long
after the exposure.

All normal cells can be destroyed by radiation, but susceptibility
to its lethal effects varies greatly. Most sensitive are the lymphocytes,
hemopoetic cells of the bone marrow, the germ cells of the reproduc-
tive organs and the lining epithelium of the alimentary canal. As a rule,
sensitivity of a neoplasm to radiation is related to the sensitivity of
the normal tissues from which the tumor originates. Thus, tumors
which arise from cells mentioned above tend to be most radiosensitive.
On the other hand, normal cells and new growths of bone, brain,
muscle and connective tissue are less sensitive to radiation or more
radioresistant. In cancer therapy, those tumors which arise from cells
having a high mitotic activity and which are composed of adult cells
having a relatively short life-span respond best to irradiation.

The injury produced by ionizing energy resembles that produced
by sunburn but is more severe and deeper (Fig, 43). The early changes
consist of capillary dilatation, edema, swelling of collagen and elastic
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the palliative treatment of selected patients with specific types of

neoplastic disease:

1. Nitrogen mustard-type compounds—nitrogen mustard, tricthyl-
enc melamine (TEM), triethylene phosphoramide (TEPA) and
triethylene thiophosphoramide (thio-TEPA)

. Steroid hormones—androgens, estrogens, adrenocortical hor-
mones and adrenocorticotropic hormone

. Antimetabolites—amethopterin, aminopterin, 6-mercaptopurine
(6-MP), azaserine

()

(2]

Psycuorocic ASPECTS OF CANCER

The management of the psychologic and emotional disturbances
encountered in patients with cancer is as much a part of the over-all
treatment as is, for example, the maintenance of nutrition. Some
problems in this area always arise when a person becomes ill or under-
goes an operation, or fails to get well, or learns that he has cancer.
Since this is the case, the physician must anticipate these reactions
and take steps which are necessary for their amelioration. He must
do this before such reactions become so serious as to jeopardize re-
covery or hasten the end. The key to success in this regard is a broad
understanding of the psychology of illness and an intimate knowledge
of, and personal feeling for, the patient as a person.

In order that the physician may best guide his patient through
this difficult period, he must assume that most people have little
knowledge regarding medical matters. Generally the patient’s fear is
increased by ignorance and decreased by understanding. The physician
can allay fear by explaining the situation mn terms which the patient
can understand. He must, therefore, take the time to listen to the
patient and to talk to the patient Furthermore, he must not take away
“the last ray of hope” to which the patient clings; for when this is
gone, there is nothing left for the patient to look forward to.

There is no unanimity of opinion regarding “what to tell the
patient,” and there appears to be no simple answer to this problem.
Some physicians tell the patient nothing and try to protect him from
the truth, others msist that the patient must be told the whole truth as
gently as possible. But between these two extremes there are those
who believe the answer should fit the needs of the patient himself.
Thus, the type and extent of the patient’s disease; the outlook for cure,
prolonged invalidism or death, his understanding and equanimity; his
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tissue, and damage to vascular endothelium, Edema and inflammation
are regularly observed. Possible late changes are shown in Figure 44.

After exposure to small doses of radiation the tissues usually
return to normal. With larger doses, there is loss of hair and atrophy
of the skin appendages. Intensive irradiation leads to pigmentation,
telangiectasis, permanent tissue swelling, induration and sometimes
chronic ulceration, radionecrosis and occasionally neoplastic growth.

The systemic effects of irradiation include: anemia, leukopenia,
radiation sickness and acute and chronic forms of the radiation syn-
drome.

The arrest or control of cancer by means of ionizing radiation
depends on the amount of energy absorbed by the tumor. The particu-
lar form and dosage preseribed will vary according to the circum-
stances, but the biologic changes which result from all forms of
radiation are quite similar qualitatively. The objective of all such treat-
ment 1s to deliver sufficient radiation to eradicate or inhibi: the tumor
without producing undue damage to normal neighboring structures

Radsation therapy may constitute definitive treatment for certain
radiosensitive neoplasms. It must be applied with the same care re-
quired in the surgical treatment of cancer. Currently, it is the treat-
ment of choice in some clinics for many specific types of cancer,
including eancer of the lip, cancer of the cervix uteri, some cancers
of the skin and the lymphomas.

Radiation therapy is also widely used in the palliative treatment
of malignant diseases for the control of neoplastic growth and the
alleviation of pain, It can be applied through external irradiation
(x-ray), through local application of radium or radioactive isotopes
or systemically through the circulation in the form of radioactive
isotopes

OTHER ForMms oF TREATMENT

Other useful measures in patients with advanced cancer include
hormonal alteration and chemotherapy. Hormonal alteration is dis-
cussed in Chapter 27, on the Breast.

The search for effective chemotherapeutic agents for cancer is a
continuing one. Innumerable substances have been mvestigated, and 2
few have been found which possess anticancer properties. As yet,
however, none have been discovered which actually cure cancer.

Three classes of chemotherapeutic agents are now being used in
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responsibilities and obligations; his desires and those of his family; and
finally, his attitude, as expressed by the questions which he asks, must
be considered.

Some patients want to know nothing about their illness because
they suspect they have cancer and do not want their suspicions verified.
Others really would like to know but are afraid to ask the physician
because they fear the news will be bad. Some patients, wanting
reassurance, ask: “I don't have cancer, do I doctor?” And others will
say: “I want you to tell me the truth, Doctor, do I have cancer?”

It would seem reasonable to believe that those who do not want to
know need not be told; those who want to know should be told; those
in between must be dealt with according to the circumstances and the
surgeon’s best judgment. If the patient is not told the true nature of
his disease, # i3 essential that a respomsible member of his faruly
should be so informed. Generally, if the disease is incurable, one
member of the family should be informed regardless of whether the
patient understands his condition or not.

An important related problem is that of prognosis. The unpre-
dictability of duration of life in patients ith incurable cancer makes
prognostication difficult. The physician should not attempt to predict
that the patient will live any specific period of time, such as so man?'
days, weeks, months or years. If duration of life must be estimated, it
is better to give a time range which might include minimum and
maximum estimates. Thus the prognosis may be estimated to be from
three to six months, from six to twelve months, from one to two years,
etc. Under these circumstances, all concemed—the patient, his family
and the physician—will be better satisfied.

BENIGN TUMORS

Benign tumors and cysts of the body surface are usually 6351’!)'
diagnosed and simply treated. They are encountered at all ages, in
both sexes, and most commonly on the exposed areas of the body-
When searched for, however, such lesions are often found in less
conspicuous areas. Since usually they cause no symptoms, they are
not often the cause for concern on the part of the patient. However,
benign tumors, as well as malignant tumors, are manifestations O.f
abnormal growth, and the physician should consider the need for their
removal. In this regard, he must recognize the frequency of errors in
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clinical diagnosis and must submit all excised tissue for pathologic
diagnosis, except when the macroscopic features clearly indicate the
benign nature of the lesion (e.g., sebaceous eyst, lipoma, ete.).

When the clinical examination suggests that the lesion is probably
benign but that it possibly may be malignant, the lesion should, if
possible, be completely excised together with a rim of normal tissue.
Frequent errors in this regard are: the incomplete removal of a mole
which on histologic examination proves to be a melanoma, and the
incomplete removal of a subcutaneous tumor thought to be a cyst or
fibroma which proves to be a soft-tissue sarcoma.

Benign tumors tend to grow more slowly than malignant tumors
and are usually encapsulated, localized and movable. They are less
likely to undergo ulceration or necrosis and are usually asymptomatic.
Some benign lesions are thought to be forerunners of cancer, and
their removal js essential to cancer prophylaxis. The most common
premalignant lesions are: leukoplakia, senile keratoses, certain pig-
mented moles, solitary thyroid nodules, adenomatous polyps of the
rectum and colon and certain hyperplastic nodules of the breast.

Sesaceous Cyst (WEN)

These lesions occur most commonly on the scalp, face, neck and
back, but they may appear anywhere on the skin They are the result
of plugging of the normal sebaceous duct orifice, producing stasis of
sebum in the gland. The gland gradually becomes distended with
secretion and is thereby predisposed to infection with skin organisms.
The site of the plugged duct orifice is often indicated by a prominent
comedo (blackhead), which is usually found near the center of the
dome of the cyst.

Sebaceous cysts are round, smooth, sometimes fluctuant masses
located in the subcutaneous skin layer but attached to the epidermis.
They are slightly movable and nontender, except when infected. The
thin cyst wall encloses a white or grayish malodorous caseous material.
The cyst is easily separated from the surrounding tissue except when
it is fixed by scar tissue or inflammatory exudate. When the cyst
is acutely inflamed, excision should be postponed until the reaction
has subsided. O fonally, simple incision and drainage is necessary
to control infection. In most instances, sebaceous cysts are removed
under local anesthesia and the incisions are closed primarily,
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MoLe on PicMENTED NEVUS

These lesions are the most common tumors of the skin. The average
adult is said to have at least twenty benign nevi, They are rarely
present at birth, but begin to appear during infancy and continue to
increase in size and number at puberty. They vary from tiny flat
brown spots to hand-sized elevated, hairy, warty, brown or black
patches. They are most commonly located on the face, neck, upper
extremities and upper trunk, but they occur on all cutaneous surfaces.
Clinically, the importance of nevi lies in the fact that certain types are
the forerunners of malignant melanoma. Melanomas have been re-
ported to arise from pre-existing nevi in from 18 to 65 per cent of
cases, and melanomas constitute only 1-2 per cent of all malignant
tumors. Thus, the percentage of moles which become melanomas is
very low. Their mnocent appearance and frequent vicious behavior,
however, require that they be given special attention.

Pigment-cell tumors are classified according to their clinical and
histologic features, as follows:

1. Junctional nevi—flat or slightly raised, dark brown or black,
and usually hairless moles. Nevus cells are found in the basal
layers of the skin close to the dermal-epidermal junction. June-
tional nevi are considered precursors of melanoma. .

. Compound nevi—comprising about 98 per cent of the nevi
which appear before puberty and about 12 per cent of those
seen in the adult. They may be brown, black or nonpigmenled-
They are occasionally pedunculated and may or may not contain
hair. Nests of nevus cells are seen at the dcnnal-epidermal
Junction, as well as in the dermus. Those with junctional changes
are considered precursors of melanoma i
Dermal nevi—similar in appearance to the compound nevi.
Nevus cells arc found only in the dermis. Dermal nevi are not
implicated in the development of melanoma

. Blue nevi—steely-blue, isolated, hairless lesions which range
from 1 to 3 cm. in size Melanocytes are confined entirely to
the dermis, there being no epidermal or junctional involvement.
These moles are bemgn but are often confused with melanomas.

Pigmented moles rarely become malignant before puberty desptte
the fact that they contain nevus cells at the dermal-epidermal junction
and histologically are similar to melanomas. They have been called
“juvenile melanomas” and may be the basis for true melanomas of

o
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later Lfe. Suspicious moles should be removed and submitted for
microscopic study. The age of the patient must be made known to the
pathologist in order that he will be able to make the diagnosis in
light of the known behavior of these lesions.

Removal is indieated for pigmented tumors of the following types:
. Any mole which spontaneously bleeds or ulcerates
. Any mole which increases in size
. Any mole with irregular borders, finger-like projections or ac-

companying satellites

. Any mole so located as to be subjected to repeated trauma
(Dbelt line, sole, palm or fingers, genitalia, etc.)
Any mole which is brown-black or black, or shows an increase in
the degree of pigmentation

6. Any mole of recent onset

The treatment of pigmented moles is surgical excision, including an
adequate margin of normal tissue. Cauterization, fulguration, incision
biopsy or other incomplete measures are to be condemned. The excised
tissue should altvays be submitted for pathologic examination.

2 19

o
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MELANOMA

Melanomas are malignant tumors which arise from nevus cells.
Opinion regarding the origin of nevus cells is divided between those
who believe they are derived from primitive nerve cells and those who
believe they are derived from ectodermal cells. Nevus cells may or may
not contain pigment and, accordingly, the tumors which they produce
may be pigmented or nonpigmented. Melanomas which arise from
pre-existing moles develop only from those having a junctional com-
ponent, but some melanomas develop de novo in the absence of a
pre-existing mole.

The sites of predilection are: the lower extremities ( especially
the feet), the head and neck, the genitalia and the body orifices. They
occur with equal frequency in men and women and are seen predomi-
nantly after age 30 The development of melanomas is often associated
with some form of chronic injury or irritation, as, for example, when
a mole located on the face is subjected to repeated injury from shaving.

Melanomas may be black, brown or flesh colored. Usually they
have a shghtly raised, irregular surface which is devoid of hair. When
they become active, enlargement, ulceration, crusting and slight
bleeding are common. As spread occurs, the area surrounding the
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MoLE or PieMeENTED NEVUS

These lesions are the most common tumors of the skin. The average
adult is said to have at least twenty benign nevi. They are rarely
present at birth, but begin to appear during infancy and continue to
increase in size and number at puberty. They vary from tiny flat
brown spots to hand.sized elevated, hairy, warty, brown or black
patches. They are most commonly located on the face, neck, upper
extremities and upper trunk, but they occur on all cutaneous surfaces.
Clinically, the importance of nevi lies in the fact that certain types are
the forerunners of malignant melanoma. Melanomas have been re-
ported to arise from pre-existing nevi in from 18 to 65 per cent of
cases, and melanomas constitute only 1-2 per cent of all malignant
tumors. Thus, the percentage of moles which become melanomas is
very low, Their innocent appearance and frequent vicious behavior,
however, require that they be given special attention.

Pigment-cell tumors are classified according to their clinical and
histologic features, as follows:

1. Junctional nevi-flat or slightly raised, dark brown or black,
and usually hairless moles. Nevus cells are found in the basal
layers of the skin close to the dermal-epidermal junction. Junc-
tional nevi are considered precursors of melanoma.

2. Compound nevi—comprising about 98 per cent of the nevi
which appear before puberty and about 12 per cent of those
seen in the adult. They may be brown, black or nonpigmented.
They are occasionally pedunculated and may or may not contan
hair. Nests of nevus cells are seen at the dermal-epidermal
junction, as well as in the dermis. Those with junctional changes
are considered precursors of melanoma. .
Dermal nevi—similar in appearance to the compound nevi.
Nevus cells are found only in the dermis. Dermal nevi are not
implicated in the development of melanoma.

4. Blue nevi—steely-blue, isolated, hairless lesions which range
from 1 to 3 cm. in size. Melanocytes are confined entirely to
the dermus, there being no epidermal or junctional involvement.
These moles are bemgn but are often confused with melanomas

Pigmented moles rarely become malignant before puberty despite
the fact that they contain nevus cells at the dermal-epidermal junction
and histologically are similar to melanomas. They have been called
“Juvenile melanomas” and may be the basis for true melanomas of
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Liroya

This twmor commonly appears in the subcutaneous areas of the
extremities and trunk. It is the result of a localized increase in fatty
tissue. Typically, lipomas are smooth, lobulated, soft, fluctuant (fat at
body temperature is liquid), encapsulated masscs {Fig. 46). They vary

Fic. 46.~Large lipama of the axlla w a young woman The tumor was lobu-
fated and soft. Note the wnusually promment venous pattern of the left side of the
chest This 1s an mfra-red photograph, which makes the superhcial veins stand out.

markedly in size and grow slowly and silently. Except for their size,
appearance and the fact that they occasionally become malignant
(liposarcoma), they cause little difficulty. Sometimes they develop
in the abdomen or chest, where they may become very large and, by
compression or (hsplacement, cause symptoms.

Lipomas are recognized by their location, discreteness, lobulation
and consistency. They are cured by simple excision.

ANGIOMA

Angjomas are vascular defects which probably r
i t esult fi -
normal_ proliferations of embryologic arterial or ienous S;’:;nm::;
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primary leston may become studded with pigmented metastatic
nodules (satellites) (Fig. 45), and the regional lymph nodes may
also become enlarged. Metastasis occurs via lymphatic and vascular
routes to the liver, the lungs, the bone marrow and eventually to all
parts of the body in the disseminating stage of the discasc.

Complete surgical excision while the lesion remains Jocalized is
the only effective method of treatment. The local excision must be

Fic 45.—Satelhte nodules of mali ], in a 60 year old man. He had
had a pigmented mole over * * e " N R i
It suddenly became larger ‘ . '
this photograph was taken, * " L
tissue was taken for examination, Later, regional and generalized metastases oc-
curred The patient died of widespread dissemination.

wide and deep. Skin grafting is often necessary to close the defect.
Amputations are sometimes required. Dissection of the regional
lymph nodes is also in order. Radiation therapy is generally ineffective.

WART (VERRUCA VULGARIS )

A wart is a common benign papillary tumor of the epidermis
which occurs predominantly in childhood but occasionally in later
life. Warts may appear in crops, and they often disappear spontan-
eously. The lesion 1s a raised, cauliflower-like projection which ranges
in diameter from 1 mm. to 1 cm. Its surface is sometimes stippled
with small dark dots. When traumatized, warts often ulcerate and
bleed.

Common warts are treated by excision or fulguration, Unless they
are offensive or subject to injury, it is probably better to leave them
alone with the expectation that they will disappear.
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the regulation of body temperature. Glomus tumors are most commonly
located in the upper extremities (fingers, hand, forcarm) but may
occur elsewhere on the body surface. They are bluish or purplish,
round, soft encapsulated nodules which vary from pinhead- to pea-
sized masses. Characteristically, glomus tumors produce throbbing,
burning or shooting pains. They are extremely sensitive to slight
pressure or any imitation. The patient usually protects the sensitive
area from all injury. Removal of the tumor results in cure.

LYMPHANGIOMA

This tumor results from an abnormal growth of primitive ymphatic
tissue. The mass produced is soft, lobulated, fluctunnt, nontender and
often translucent. It occurs principally in the neck, axilla and groin
of infants or children. Usually the skin over the mass is unchanged.
Cystic hygroma collicum is the common form of lymphangioma of
the neck in infants.

Lymphangiomas are treated by surgical excision. Those which
are extensive and infiltrate the cervical or axillary neurovascular
structures may require irradiation or injection of sclerosing solutions.

Sexte KeraTosis

This is a precancerous condition which develops on the exposed
areas of the skin (nose, ears, cheeks, neck and dorsum of the hand)
in fair-skinned persons past middle age. The lesions are slightly
elevated, flat, flesh to yellow or black in color and adherent tg the
underlying skin They may contain horny surface projections, and they
are associated with other skin changes of aging. Microscopically, there
is thickening of the stratum cormeum as well as atrophy of th’e skin

and some inflammation. Senile keratoses should be removed by ex-
cision or electrosurgery.

LEUKOPLAKIA

Leukoplakia is also a precancerous condition. It appears as a
whitish thickening of the mucous membrane, especially in th; mouﬁ;
and the lesion resembles an adherent patch of white paint. It usuall :
develops in men and is often associated with some form.of ch: om')
irritation (ill-fitting dentures, tobacco chewing, dental caries ;tc )c
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They may develop in any organ or tissue but are most often encoun-
tered in the skin and subcutaneous tissue. During infancy and child-
hood, small capillary hemangiomas often appear and then regress and
disappear if left undisturbed. Large, conspicuous or expanding he-
mangiomas, on the other hand, may require treatment,

The common capillary hemangiomas are soft, pink, red or purple,
flat birthmarks which vary widely in size, shape and coloration. They

nan—— .

Fic. 47.—Hemangioma of the nose in a child. Note the profusion of small
venules or capillaries in the lesion The condition was treated by radiation.

are treated by excision, irradiation or application of carbon dioxide
snow

Cavernous hemangiomas occur in the subcutaneous or submucous
tissues and are irregular, soft, reddish-blue compressible tumors They
are composed of a profusion of dilated veins (Fig. 47), which some-
times communicate directly with arteries Under these conditions they
may pulsate. When large arteriovenous communications are present,
the lesion 1s called a cirsoid aneurysm Removal may be indicated for
cosmetic or other reasons. Cavernous hemangiomas rarely undergo
spontaneous regression.

Gromus Tumor

This 15 a rare benign tumor of the neuromyoarterial glomus of the
skin. The normal glomus is a tiny conglomeration of arteriovenous
communications containing nerve elements which is concerned with
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Leukoplakia progresses slowly and insidiously and tends to be resistant
to all topical medication. It is treated by elimination of all local
irritation and, if necessary, by excision or electrocoagulation.
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CHAPTER 10

Principles
of Surgical Care

BECAUSE THE SURGEON is responsible for the
total care of his patients, his responsibility extends beyond diagnosis
and the operative techmes which make use of the scalpel, hemostat
and ligature. To lose sight of the patient as an individual in the
abstractions of pathology or the intricacies of surgical technic is 2
tragic error. We as physicians deal with human bemngs—not a chronic
gallbladder, a hernia or an interesting gastric cancer. Commenting on
this concept of the Total Care of Patients, David Barr says:

We who have received our training in the past have had our attention
focused upon the recognition and treatment of organic and mechanical abnor-
malities. We have been obsessed with the fear of missing the presence of seri-
ous or potentially serious anatomical or chemical disease. Intellectually we
have been occupied with the relationship of clinical signs and anatomical
deviations, with the correction of chemical defects and with the search and
appleation of specifics. We have been burdened with a time-consuming and
elaborate ritual to accomplish these purposes. While all of this is praiseworthy,
it is not enough 1f 1n the process we have lost the listeming ear and our contacts
with patients as people, or if we attempt to make diagnoses and decisions
without consideration for personal problems, mterpersonal relationships, and
Iife situations m family, occupation and commumnty. ®

The patient who consults with a surgeon, for the first time, ap-
proaches the interview as a new and a strange experience. He has
undoubtedly heard much about the unpleasant aspects of operative
treatment, He anticipates that it will be both dangerous and costly.
He may realize the importance of early diagnosis and treatment, yet
prefer to delay as long as possible in the face of such an ordeal. All
of this is understandable. He has countless worries and fears: Is he

°Barr, D. P., Ann Int Med (27.195, August, 1947)
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life is critical and easily upsct. The immature organism is predomi-
nantly unstable—sensitive to exposure, chilling, trauma, prolonged oper-
ation, rough handling and loss of blood and other body fluids. The
loss of an ounce of blood in an infant is said to be equivalent to loss
of a pint in the adult, Despite these limitations, it is possible in this
age group, by careful planning, gentleness and precision, to apply
surgical treatment with the expectation of a good response.

ADVANCED AGE

The principles of treatment are no different for the geriatric
patient, Often there appears to be a gross discrepancy between the
chronologic and physiologic or biologic age of the patient, which may
increase or decrease, as the case may be, the response to stress. In
general, however, the degenerative changes of the aging process par-
allel the patient’s years, and response tends to be less favorable than in
the young. Nutritional deficiencies, emotional disturbances and difficul-
ties in mobilization are only 2 few of the common disturbances en-
countered in advanced age. These factors, as well as others, decrease
the patient’s ability to adapt to the stresses of anesthesia and opera-
tion

When elective surgical treatment is being considered, the possible
benefits which may be gained must be weighed against the possible
risks. On this basis, certain operations for conditions which do pot
threaten lLife are not warranted. On the other hand, if an operation
carries little risk and will add to the patient’s comfort, activity or en-
joyment of life (e.g., repair of an inguinal hernia), it is often justified.

In the aged person, special care must be given to avoid pulmonary
and cardiovascular complications, thromboembolic disease, pressure
sores and psychic disturbances (e.g., depression, disorientation).

OBESITY

It has been said that “as we lengthen the waist line, we shorten
the life line”; and certainly, marked overweight is a]\\:ays a cause
for worry on the part of the surgeon. The very fat person does not
stand the stress of surgery well, technical and mechanical problems
are increased, wounds heal poorly and are easily infected, nursing care

is more difficult, and mobilization of the patien sometimes a. st
> tient
P tim mo:
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doing the right thing? Has he chosen the right surgeon? How will his
family get along during his hospitalization? Will he be able to work
after the operation? How much will it cost? Will there be much pain?
Will he live or die? And so on.

The good surgeon must anticipate such questions and allay the
patient’s fears, He must aid the patient in the cmotional adjustment
to this new life situation. He must take time to talk to him in language
which can be understood. Not only this, but the surgeon must make
all decisions regarding diagnosis and definitive treatment; he must
evaluate the operative nisk (Fig. 48) and the possibility of complica-
tions, and, finally, he must make a prognosis. In addition, he must
supervise the details of hospitalization, anesthesia, operative schedules,
special nursing and convalescent care and, ultimately, the rehabilita-
tion of the patient.

To the “busy surgeon,” the infinite number of details may seem
time consuming and often trivial; but on such considerations rests
the digmty of the art of medicine, the success or failure of the patient-
doctor relationship and, sometimes, the final outcome of treatment.

FACTORS INFLUENCING THE RESPONSE TO SURGERY

There is usually time to evaluate and treat those conditions which
predispose the patient to complications and increase the risk of opera-
tion. Time expended to this end will generally pay high dividends in
terms of improved surgical risk, smoother convalescence and quicker
recovery

Many factors adversely influence the surgical risk; these include:
hemorrhage and shock, dehydration and clectrolyte imbalance, acidosis
and alkalosis, anemia and hypovolemia, malnutrition and hypoprotex'n-
emia, pulmonary and cardiovascular disturbances, renal and adrenal
disease, hepatic insufficiency, hyperthyroidism and diabetes, obesity,
pregnancy, psychic and emotional disturbances, alcoholism and drug
intoxication, and the extremes of age (very young and very old). Most
of these conditions are considered in other sections; a few are de-
scribed here brefly.

Earvy LiFe

In general, children withstand trauma well and exhibit remarkable
recuperative powers even though metabolic balance at this stage of
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Diaseres MELLITUS

In general, the surgical risk of the patient with controlled diabetes
does not exceed that of the nondiabetic. Sometimes the surgical con-
dition (e.g., infection, gangrene of the extremity or acute cholecystitis)
aggravates the diabetes and makes control more difficult. Conversely,
uncontrolled diabetes appears to enhance the severity of the surgical
condition. Combined problems of this type demand the exercise of
critical judgment in timing surgical treatment.

Wound healing in the controlled diabetic is not delayed beyond
that which can be ascribed to existing vascular insufficiency, usually
from associated atherosclerosis. In uncontrolled diabetes, however,
there exists an increased susceptibility to infection which is not well
understood. It may be related to high local concentrations of carbo-
hydrate and protein breakdown products associated with gluconeo-
genesis.

Patients in diabetic acidosis admitted for surgical treatment must
receive prompt treatment for metabolic imbalance before being sub-
mitted to operation. In some cases, it will be impossible to completely
control the systemic disturbance before the local problem has been
improved or corrected (e.g , wet gangrene of the extremity, treated by
primary amputation or by refrigeration with subsequent amputation).

Of special importance in the diabetic patient is the care of the
skin, particularly the skin of the feet. The utmost cleanliness and the
avoidance of cuts, abrasions and infections, which predispose to
gangrene, are essential. The care of the feet is described in Chapter
28, on Peripheral Vascular Diseases.

The following instructions regarding the care of the diabetic
patient have been reproduced, with slight modifications, from the

Diabetes Guidebook for the Physician, published by the American
Diabetes Association, Inc., in 1950.

PREPARATION OF THE DIABETIC PATIENT FOR OPERATION

1. Dict.—The usual diabetic diet should be given in most cases When
there has been poor nutrition, give additional protein and .vitamx'n
supplem:le)nts. 3\'hen diabetes is complicated by

more carbohydrate and protein; and when hyperthyroidism i

1 3 oid

};we Ie-xtm food to rlneel the increased ca\oric)x;ged. yrowdism s present,
- Insulin—Guve insulin as needed to control glycosuri i
insulin in a single dose before breakfast and,}when neclf):sjztli;n 1:: ﬂ]l'::
mentary doses ‘of unmodified insulin before breakfast, occ;sioppll .
before the evening meal as well, ! matly

hepatic disease, give

1
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Hypertension, myocardial disease, diabetes and hepatic and biliary
disease are common in obese patients. The load imposed by operation
may exceed the reserve capacity of the cardiovascular system. The
increased cardiac strain in very obese patients is suggested by the
estimate that for each 30 pounds of cxcess weight about 23 extra miles
of blood vessels are needed. The increased heart load is obvious.

Fat tissues often unite poorly. Wound healing may be complicated
by hematomas, serum collections, infections, and superficial or deep
separation, After abdominal operations, ventral hernias are common.
Both atelectasis and phlebothrombosis occur with increased frequency.
Anesthetic problems are accentuated.

It is good judgment to insist that excessively overweight patients
undergo weight reduction before elective operations are undertaken.
This can be accomplished by adherence to a strict low-calorie diet
(usually 1,000 calories) and close supervision by the physician while
the patient is on this regimen, The amount of weight loss desirable
is an individual problem. Once weight reduction has been accom-
plished, the outlook for an uncomplicated convalescence is improved.

CARDIOVASCULAR DISEASE

All patients who are to be subjected to anesthesia and operatl'?ﬂ
must be examined regarding the functional capacity of the cardio-
vascular system. If evidence of acute or chronic heart failure exists,
immediate operation is contraindicated except under emergency con-
ditions. Operation should be deferred until maximal benefits }mvle
been obtained from medical treatment When emergency operation is
necessary because life is threatened, immediate supportive measures
(digitalization, oxygen therapy, transfusion, etc ) should be instituted
before and continued after operation,

Essential hypertension, compensated heart disease, a history of
angina pectorts and some cardiac arrhythmias predispose the patient to
cardiovascular complications but, by themselves, do not contraindicate
operation. Patients exhibiting these disturbances require more than
usual diligence on the part of the physician during all phases of
management. :

Items of enitical importance mclude: avoidance of hypotension and
hypoxia, avoidance of unphysiologic positions and sudden changes in
position during operation, avoidance of prolonged immobilization, and
avoidance of fluid and blood “overloads.”
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4. Laboratory Tests.—Test every specimen of urine for sugar; try to get
specimens at least four times a day.

When diabetes is severe, order a blood sugar test {capillary, if
available) at noon and at 4 p.m. the day of the major operation—at
4 p m. only when the operation is minor. Order additional tests at any
time if there is any doubt as to the patient’s diabetic status.
Hypoglycemic Reactions.—Think of an insulin reaction when any un-
usual complaints or behavior is noted. In cases of doubt, give treatment
for hypoglycemia: 5-20 Gm. of sugar by mouth or by vein or 0.5 cc. of
epinephrine subeutaneously.

o

PuLMONARY AND UPPER RESPIRATORY DISEASE

An existing acute respiratory infection generally contraindicates
elective operation. Chronic disease of the lungs or air passages also
increases the danger of postoperative pulmonary complications. Oral
and nasopharyngeal sepsis similarly influence the development of
complications. During the preoperative period, efforts should be
directed toward decreasing sepsis and improving ventilation in all
portions of the respiratory tract. This subject is discussed in more
detail in Chapter 12, on Postoperative Complications.

Ventilatory disturbances, of any type, which impair uptake of
oxygen and output of carbon dioxide lead to hypoxia and hypercapnia,
with resultant serious metabolic imbalances. The need for maintain-
ing adequate ventilation during all phases of treatment, and especially
during anesthesia, is apparent.

RENAL DiSEASE

The existence of acute nephritis, acute renal insufficiency with
oliguria or anuria, or other acute renal disturbances, contraindicates
operation except under emergency conditions or when the operation
is needed to improve renal function (e.g., prostatism). Renal function
should be assessed by urinalysis, blood urea nitrogen and creatinine
determinations, concentration and dilution tests and excretory tests,
including excretory urography if necessary. Maximal improvement in
renal function should be attained before elective operations are under-

taken, The anesthetic agents most commonly used do not appear to
influence renal function significantly.

ALCOHOLISM

Patients who are acutely intoxicated often suffer in

3 ) juries which
require surgical treatment. Except when the injury

is of minor degree
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3. Laboratory Tests.—Absence of glycosuria and reduction of the fasting
blood sugar below 160 mg. are desired but are not essential. Sugar in
the urine during part of the day or high blood sugar need not delay an
operation unless ketosis is present, On the other hand, there should not
be haste in undertaking an elective operation if the patient’s condition
1s poor because of previous neglect of diabetic treatment.

PAEOPERATIVE TREATMENT

1. Insulin—Give the usual dose of insulin (as previously used) the mom-

ing of operation, In addition, give unmoditied insulin
—if the diabetes is severe (as shown by requirement of more than
30 units of insulin dn‘ily), s
s R . v a

- P . .

1T . . - . . lycemia in
the operating room—not more than 5 or 10 units, unless nourishment is
given by mouth or dextrose is given by intravenous infusion.

To guard further against hypoglycemia in the operating room, con-
sider reduction of the dosage of long-acting or intermediate-reacting
insulin given before supper on the day preceding the operation.

. Nourishment.—Before operation, nourishment 1s desirable if the diz-
betes is very severe or if it is complicated by hyperthyroidism.

To give food by mouth is usually contraindicated unless four or
more hours elapse before operation. An intravenous infusion contamn-
ing 50-100 Gm. of dextrose is preferable. At the same time, an extra
10 units of unmodhfied insulin for each 50 Gm. of dextrose should be
given intravenously.

POSTOPERATIVE TREATMENT
1. Intravenous Infusions.~Give fluids as would be indicated in the un-
complicated surgical case, If food cannot be taken by mouth, give
1,000-2,000 cc. of 5 or 10 per cent dextrose—to make the total intake
of dextrose at least 125-150 Gm. in twenty-four hours.

Give an extra 10 umits of unmodified insulin subcutancously for
each 50 Gm, of dextrose given intravenously. X

. Dict.—When the patent is able to take nourishment by mouth, give
Iiquids and soft foods. If , give ary feeding with
intravenous infusions of dextrose to bring the total carbohydrate intal.e
up to 150 Gm After a minor operation, the patient may be given his
usual diet immediately.

. Insulin.—~Gave the usual morming dose of insulin if it was employed

before operation, Give extra doses of unmodified insulin at mealtime,
SN - PRI R . 1 -

o

12

w

ous in ordering
' her than more,
than may seem to be needed.

A red test may show the need for 20 units of insulin in the morning.
but with such a test in the evening 5 units may be too much if a large
total dosage has been given earlier.

Dasregard glycosuria observed within 2 hours after an intravenous
infusion of dextrose.
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adrenal hemorrhage (Waterhouse-Friderichsen syndrome), severe
burns or injuries. The deficiency may be indicated by absence of a fall
in circulating eosinophiles on the ACTH or epinephrine tests, which
correlates inversely with adrenocorticoid function. Cortisone, DOCA,
salt or other agents are required before and after operation, according
to the circumstances.

Chronic adrenal insufficiency in its full-blown form (Addison’s
disease) is characterized by severe weakness, weight loss, nausea and
vomiting, pigmentation, hypotension, and salt and water depletion.
Patients with Addison’s disease are unusually sensitive to minor stresses
and respond poorly to anesthesia and operation, Subclinical forms of
the disease are no doubt more common than generally appreciated.
Operations should not be undertaken in the presence of overt adrenal
failure until metabolic deficits have been corrected.

PREPARATION OF THE PATIENT FOR ELECTIVE OPERATION

It is the surgeon’s concern always, in the care of patients, to
reduce the calculated risk of surgery to a minimum. A carefully
recorded history and detailed physical examination, essential laboratory
tests (see Table 13), x-ray studies, and the necessary preparation
should precede the operation of election. Advantage should be taken
of all avarlable knowledge and technics which can be applied to the
general proposition of “making the patient safe for the operation, and
the operation safe for the patient.”

In the final analysis, success or failure of treatment may be de-
termined well before the patient is ever taken from his bed to the
operating room. It is not surprising, then, that the scalpel and hemostat,
the operative procedure itself, may not be the critical factor in survival.

Recent advances in surgery and new concepts in therapy are based
on physiologic data obtained from experimental laboratories, clinical
investigation and increasing surgical experience, It is significant that
contributions from all of the basic sciences, the anesthesiologist (see
Table 14) and the experimental surgeon have been !esponts,ible for
extending the parameters of modern surgery and reducing morbidity
and mortality rates to the lowest figures in surgical history‘

Adjuncts and safeguards which combine to make operation safer
for the patient can be summarized in part as follows:

1. Improved methods for evaluating the operative risk and the
newer knowledge of metabolic requirements and body reactions to
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and can be treated under local or regional block ancsthesia, 1t is de-
sirable to defer immediate operation. If this is contraindicated (eg.,
internal injuries), the stomach must be emptied by intubation (large
tube) before the anesthetic is administered. Sedatives, such as chloral
hydrate or paraldehyde, are required.

Patients with chronic aleoholism who have taken alcohol in large
amounts for prolonged periods often suffer from malnutrition, avita-
minosis and other systemic disturbances. Portal cirrhosis (alcohole
cirthosis) with hepatic insufficiency may develop. The risk of surgery
is increased under these circumstances.

Acute alcoholic mania (delirium tremens) sometimes develops
after an operation on an alcoholic patient. In about twenty-four hours
the patient may become irritable, boisterous, demanding, restless and
maniacal. A stage of delirium follows, and finally he recovers or may
pass into a coma and die.

Small amounts of aleohol and, if possible, moderate activity may
prevent acute mania. Sedatives are helpful but should not be given
in excess. ACTH and cortisone have been recommended Parenteral
vitamin B complex is said to be helpful.

PreGNANCY

Normal, uncomplicated pregnancy does not in itself increase the
risk of operation; nor does the operation itself increase the Jikelihood
of abortion. But there are understandable risks; and the fact that two
lives, instead of one, are at stake often makes elective surgical treat-
ment inadvisable during pregnancy. When pregnancy is c0mplic.ated,
the hazards of operation are increased in proportion to the severity of
existing metabolic disturbances (e.g., eclampsia gravidarum). Al.)dom-
inal operations in the later stages of pregnancy are usually dn’f?cu]t
technically and should be avoided except under emergency conditions
It should be kept in mind, however, that acute appendicitis develops
as frequently among pregnant women as among nonpregnant persons.

ADRENAL INSUFFICIENCY

Adrenal insufficiency seriously impairs the normal metabolic re-
sponse to trauma and operation, If unrecognized, the outcome may be
fatal; if recognized and treated, the outcome may be favorable. Alete
adrenal insufficiency can develop from overwhelming infections with
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injury in surgical patients have focused attention on the recognition
and correction of preoperative deficits.

9. The fundamental relationship of patient nutrition to patient
well-being has been recognized and emphasized. Oral hyperprotein-
ization programs and the use of enzymatic hydrolysates of protein
for parenteral use have been introduced to correct existing protein

TABLE 14.—AnestHEsIA CLASSIFICATION OF PHYsICAL STATUS ®

-

Goop: No organic disease—no systemic disturbance.
Examples: Uncomplicated hermas, fractures, etc.
Farr: Moderate systemic disturbance.

Examples- Mild cardiac (I and IT), mild diabetes, etc.
III. Poor: Severe systemic disturbance,

1L

=

Examples: Poorly controlled diabetic, pul y li d
cardiac (111}, ete.
1V. Seriot y ic disease th ing life

Examples: Severe renal disease, severe cardiac disease (1V), decompensation,

ete.
V. Emercency, Goon: Patients in Groups I and II with a complication, needing
immediate treatment.
Examples. Hemorrhage, open chest wound, perforated viscus, severe respira-
tory embarrassment, etc.
EMERGENCY, Poon: Patients 1n Groups II and IV with a complication needing
immediate surgery.
Examples: Hemorrhage, open chest wound, perforated viscus, severe tespira-
tory embarrassment, etc.
VII Speciar: Monbund patients.

Vi

=

® Amencan Soctety of Anesthesiology, Inc, Codes for the Collection and Tabulation of Data
Relating to Anesthesa, Inhalation Therapy and Therapeutic and Diagnostic Blocks (1945).

deficits before operation and to maintain nutrition during the period
of postoperative starvation. :

3. The continued study of body fluid physiology and the clinical
investigation of disturbances in water and electrolyte balance have
led to better control of parenteral fluid therapy. The practical value
of the balance concept has been recognized, the quantitative aspects
of volume-for-volume and milliequivalent-for-milliequivalent replace-
ment have received particular emphasis. The significance of disloca-
tions of intracellular and extracellular electrolytes has been recognized
More physiologic “repair solutions” are now available for the treat-
ment of mixed water and salt depletion states, acidosis, alkalosis and
hypokalemia. ’

4. Adequate blood-volume replacement before opemtjon; during

the time of blood loss and in the postoperative period, with better
and safer anesthesia conducted by anesthesiologists, allow the surgeon



TABLE 13.—Vavurs Froa RoOUTINE DETERMINATIONS IN THE
CuriNicat, Brocueanstay LasonaTony ¢

CoNSTITUENT SasmprE Norstan Rance
Albumin Scrum 3.8-5.2%
Amylase Serum 50-150 units
Bilirubin, Van den Bergh Serum 1 min: 002 mg k4
30 min.: 0.2- g
Calcium Serum 9-11 mg. % (4. 5—55mEq /L)
Calcium Urine 200 mg /24 hr.
Chloride Serum 600-650 mg. Z as NaCl
102-111 mEq /L. as C
Chloride Spinal fluid ~ 700-750 mg. % as NaCl
120-128 mEq /L. as CI*
Cholesterol, total Plasma 150-203 mg. %
Cholesterol, esters Plasma 60-80% of total cholesterol
CO: capacity Plasma 55-70 cc./100 cc plasma
25-32 mEq./L. as HCO,”
Creatinine Blood 1.0-20mg. %
Fibninogen Plasma 0.2-0 4%
Globulin Serum 1.8-3.2%
Glucose Blood 80-100mg %
Glucose Spinal fluid 60-70mg %
Phosphatase, acid Serum 0-0.5 units { Bodansky)
Phosphatase, alkaline Serum 1.5~1 0 units (Budansl\y)
Phosphorus Serum 30-50mg % (adults}
4-7 mg. % (children)
Phosphorus Urine 0.5-1.0 Gm /24 hr.
Potassium Serum 16-22 mg. %; 4.1-5 6 mEq /L.
Potassium Urine 1-3Gm./24 hr,
Protein, total Plasma 6-8%
Protein, total Spinal fluid  1545mg %
Sodium Urme 3-5Gm./24 br.
Urea nitrogen Blood 8-18mg. %
Uricacid Blood 24mg %
Urobilmogen Urine 0 5-2.. 5 mg /24 hr.
Vitamin C Plasma 0.7-25mg. %
LIVER FUNCTION TESTS
Bilirubin, Van den Bergh Serum Imin 0-02mg. %
30 min,: 0.2-1.0mg %
Bromsulfalem (BSP) Plasma 0-10% retention in 30 mm.
Cephalin flocculation Serum 24 hr.. 0-1 plus
48 hr. 0-1 plus
Thymol turbidity Serum 1—4 units
Urobihinogen Urine 05-2.5mg./24 hr,
Urobilinogen Stool 50-250 mg /100 Gm
Zine sulfate flocculation Serum 2-8 umits
STOOL ANALYSIS
Amylase Stool 4 plus activity
Fat, total Stool 25% of total sohds
Protease Stool 4 plus activity
Total solids Stool 25% of wet weight
Urobilinogen Stool 50250 mg./100 Gm

* Courtesy ] 1 Routh, Duector, Chincal Biochemustry, University Jlospitals, State Unnersity

of Towa.
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injury in surgical patients have focused attention on the recognition
and correction of preaperative deficits.

2. The fundamental relationship of patient nutrition to patient
well-being has been recognized and emphasized. Oral hyperprotein-
ization programs and the use of enzymatic hydrolysates of protein
for parenteral use have been introduced to correct existing protein

TABLE 14.—ANESTHESIA CLASSIFICATION OF Prysicat Status °

1. Goop: No organic di ic disturt
Examples. U )t d hernias, fi , etc.
L. Farr: Moderate systemic disturbance.

Examples: Mild cardiac (1 and IT), mild diabetes, etc.
1IL. Poor: Severe systemic disturbance.

Poorly lled diabetic, pul; Yy © )} d
cardiac (III), etc.
. s disease th ing life

y .
Examples: Severe renal disease, severe cardiac disease (1V), decompensation,

etc,

V. Emercency, Goop. Patients in Groups I and II with a complication, needing

immediate treatment.

Examples. Hemorrhage, open chest wound, perforated viscus, severe respira-
tory embarrassment, etc.

EnEercency, Poor: Patients in Groups I and IV with a complication needing

jmmediate surgery.

Examples: Hemorrhage, open chest wound, perforated viscus, severe respira-
tory embarrassment, etc,

VII. Srectar: Monbund patients.

VL

=

® Amencan Society of Anesthesiology, Tnc, Codes for the Collection and Tabulation of Data
Relating to Anesthesia, Inhalation Therapy and Therapeutic and Diagnostic Blocks {1945)

deficits before operation and to maintain nutrition during the period
of postoperative starvation, :

3. The continued study of body fluid physiology and the clinical
investigation of disturbances in water and electrolyte balance have
led to better control of parenteral fluid therapy. The practical value
of the balance concept has been recognized, the quantitative aspects
of volume-for-volume and milliequiva\ent-fur-milliequiva]ent replace-
ment have received particular emphasis. The significance of disloca-
tions of intracellular and extracellular electrolytes has been recognized
More physiologic “repair solutions” are now available for the treat:
ment of mixed water and salt depletion states, acidosis, alkalosis and
hypokalemia. ’

4. Adequate blood
the time of blood los
and safer anesthesia

-vo‘um'e replacement before operation, during
s and in the Postoperative period, with better
conducted by anesthesiologists, allow the surgeon
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to do long and complicated operations in a safe and unhurried manner.

5. Antibiotic chemotherapy has produced a spectacular decline
in morbidity and mortality from the so-called “surgical infections.”

6. The value of intermittent or continuous suetion-decompression
of the gastrontestinal tract has been established. The use of various
types of mercury-weighted long tubes has increased the rapidity and
suceess of intubation,

7. Preoperative ambulation the morning of opcration, “voluntary
cough” exercises, postural drainage, acrosol-antibiotic treatment and
systemic chemotherapy, and carly ambulation after operation are
measures which have lowered the incidence and the serfousness of
postoperative pulmonary complications. Tracheobronchial catheter
suction and aspiration bronchoscopy are invaluable procedures in the
active treatment of postoperative atelectasis.

8. Early ambulation after operation exerts a favorable influence
on cardiovascular, respiratory, gastrointestinal, urinary tract and
central nervous system functions of the postoperative patient.

9. Anticoagulant therapy and superficial femoral vein or vcnacaw_ﬂ
ligation arc contributions to the management of thromboembolic
disease, which usually results from “quiet” venous thrombosis in the
deep veins of the lower etremitics.

10. A postoperative recovery room situated in close pm\lmity to
the surgeries makes for economical and efficient deployment of speC_inl
nursing personnel and the equipment that is required for resuscitation
and the early after-care of surgical patients.

PreoPERATIVE ORDERS

The evening before a major operation, written orders are charted

which cover the following points:

1. Regarding skin preparation, the orders should specify the extent
of the site to be shaved and washed thoroughly with a detergent
solution.

. A saline enema may be given to cleanse the lower bowel if
indications exist. This should not be a routine. Mechanical
cleansing of the colon with enemas until clear is indicated
before anorectal and colon operations.

. Oral intake after midnight is not allowed if the patient is to
have a general anesthetic.

4. The patient should be catheterized before he is taken to the

(53

i<



PRINCIPLES OF SURGICAL CARE 243

operating room if there is any question as to complete voiding.
It is especially important that the bladder be empty when
pelvic or large-bowel operations are planned.

. Preoperative sedation and medications are ordered. The average
effective adult dosages which may be ordered are: pentobar-
bital, 100 mg., the evening before operation; pentobarbital,
100 mg. orally, or sodium phenobarbital, 100 mg. (H), 60-90
minutes before operation; morphine sulfate, 10 mg. (H) and
scopolamine hydrobromide 0.4 mg. (or atropine sulfate 0.4 mg.)
90 minutes before operation.

ot

PREOPERATIVE CARE IN EMERGENCY CASES

Preoperative preparation must often be limited to the bare es-
sentials. Even so, it is never justfiable to omit the details of a carefully
recorded history and physical examination. There is usually time for
carrying out the most basic and necessary of laboratory examinations
and x-ray studies. A few hours spent in preparation may decrease the
postoperative morbidity and lower the surgical mortality rate. On the
other hand, long delays prove costly in this group of cases. Mistakes
m diagnosis can be fatal. In evaluating the therapeutic perspective
it should be recognized that the proper timing of operation may be
more of a problem jn clinical judgment than is the decision as to the
necessity for the operation, the choice of procedure or the details of
its performance. The highest premium is paid for technical skill in
this group of cases.

The following generalizations can be made about the preoperative
treatment of emergency cases.

REesusCITATION

The treatment of shock by whole-blood replacement, plasma ex-
panders or water-electrolyte solutions is indicated and has priority
over all other procedures except the control of exsanguinating hemor-
thage, the relief of asphyxial symptoms or the reversal of acute gastric
dilatation. Parenteral fluid therapy may be needed as a prelit%\im
to an operation for the correction of dehydration, starvation ket(;s?;
with acetonuria, electrolyte depletion, and uncorrected acidosis
alkalosis, as well as oligemic shock. Surgical procedures carried ozi
under gas-oxygen-ether anesthesia are relatively unsafe if the circu-
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lating red cell mass is reduced to a point where tissue oxygenation is
marginal. Functional embarrassment referable to insufficiency of
oxygen is, as a rule, not evident until the hemoglobin has been de-
creased by approximately 50 per cent. Less than 6 Gm./100 ml of
hemoglobin contramndicates any but the most urgent of operations.

EMPTYING THE STOMACH

Tracheobronchial aspiration of blood and vomitus at the time of
anesthesia and operation is a serious risk, The endangered group of
patients who must be protected from this catastrophe include comatose
patients and those with upper gastrointestinal hemorrhage or bowel
obstruction. The stomach must be emptied in cvery case before the
administration of an inhalation anesthetic for emergency operations.
If there has not been a known period of eight to twelve hours of
starvation before operation, vomiting should be induced as the most
dependable way to empty the stomach. Once vomiting has occurred,
a well-lubricated Levin tube is passed into the stomach through one
of the nares and the tube is then secured to the cheek with adhesive
tape. Intermittent or continuous suction-decompression is then started
to keep the stomach empty of fluid and air. The large Ewald tube
is sometimes needed to empty the stomach completely. .

Decompression of the gastrointestinal tract before operation facili-
tates the operative procedure, minimizes trauma from the manipula-
tion of a distended stomach or dilated bowel and simplifies the
abdominal closure

If there 15 any question as to the effectiveness of the preoperative
measures used to empty the stomach (and clotted blood is particu-
larly difficult to remove), the danger of vomiting and aspiration during
the nduction phase of anesthesia is best avoided by endotracheal
intubation under topical anesthesia.

It cannot be overemphasized that one of the commonest avoidable
accidents on surgical services is tracheobronchial aspiration of gastric
contents which often proves fatal.

CATHETERIZATION

This procedure is indicated before all major abdominal operations
involving the pelvic viscera or colon which are carried out as elective
operations, and always in the emergency case. Reflex depressor effects
from the manipulation of a distended urinary bladder are thus avoided,
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and abdominal exploration and the performance of indicated surgical
procedures are made easier and less traumatic.

POSTOPERATIVE CARE

The postoperative period may be complicated by frequent and
serious difficulties. Fortunately, the introduction of new aids to therapy
and a better understanding of the metabolic problems in surgical
patients have made this phase less hazardous, but it is no less important
than formerly. At the present time, it is possible to anticipate most
of the difficulties of the postoperative period and to institute measures
which will minimize their seriousness. This is no easy task. It requires
attention to all details of treatment, constant watchfulness over the
clinical course of the patient and a willingness to start therapy before
well-developed sigus of trouble exist.

Clinical signposts that are followed from day to day are recorded
in the progress notes of the patient, and these often give the clue to
trouble. These all-important data are:

1. The patient’s complaints

2. The general appearance and the clinical progress of the patient

—the directional trend .
. Trends in body temperature, pulse rate and respirations
The nutritional status of the patient
The intake-output record of water-electrolyte balance

[

PROCEDURES AT THE END OF OPERATION

Clearance is given by the anesthesiologist after aspiration of the
airwvay and a final evaluation as to the steady state of the patient,
Slow, gentle movement of the patient is essential as he is transferred
from the operating table to the stretcher, and later to the hospital bed.
The patient is accompanied to the recovery unit by the anesthesiologist,
one of the surgical team and a surgical nurse. The postoperative’
orders are written. Only then can the responsibility for patient care

be l‘ransferred to the special nurse, who remains in constant attendance
until the patient is awake and responding.

IMMEDIATE POSTOPERATIVE CARE

_Unless a contraindication exists, the unconscious or semicomatose
patient should be returned from the operating room to a recovery
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ward in a warmed bed. The dorsal recumbent or the lateral decubitus
position with the head lowered offers maximal protection against
cerebral ischemia, aids evacuation of the trachcobronchial secretions
and protects against the aspiration of blood and vomitus. It aids
venous return to the heart and increases the linear blood flow in the
deep veins of the legs, a factor which may be helpful in decreasing
the mcidence of spontancous venous thrombosis.

During the first six to eight hours after operation, sudden changes
in position are not well tolerated by the postoperative patient. This is
particularly true under two sets of conditions: (1) if there is a entical
reduction in effective circulating blood volume and (2) if regional
spinal anesthesia has been used, which obtunds the normal compen-
satory cardiovascular reflexes against gravity which adjust for the
redistribution of blood volume occurring with postural changes. The
head-down position may be maintained after operation until the
pulse rate and the blood pressure are well stabilized and the patient
is considered to be in a steady state.®

The head-down position is not used after cxtensive operations
about the head and neck, or following intracranial operation, because
mereased venous pressure from the gravitational effect may cause exv-
cessive bleeding in the operative wound. It is not used in thoracotomy
cases, and obviously, it should not be used if the patient is in respira-
tory distress, cyanosed or in pulmonary edema.

Except for the first hours after operation (as outlined above), the
head up and back up position is indicated during the course of paren-
teral infusions, so as to reduce pressure phenomena in the pulmonary
circuit which favor pulmonary transudation. This is especially im-
portant in the geriatric patient with cardiovascular-renal discase.

In general, however, the best position for the sick patient is the
one in which he is most comfortable

° Cardiovascular reactions to changes in posture can be related quantitatively
to blood loss. This is the basis for the ilt test Cardioacceleration and decreased mean
arterial blood pressure are proportional to the extent of blood loss. In the normo-
volemic state, a change from supine to the upnght position is associated with a
lowered cardtac output in normal individuals of approuimately 25 per cent due to
decreased venous return The safety factor 15 reduced and the sensitrvity of the test
is increased in the patient who has sustained blood loss Chnical evidence of shock
1 the supine posttion indicates 2 probable blood volume deficit of some 20 ml /kg
or more and the necessity for a 2,000 ml, {or more) transfusion. An increase in the
heart rate of less than 25 beats/minute on tilting indicates a compensated or small
blood loss. Increase in heart rate of more than 30 beats/minute suggests 2 transfusion

requirement of approximately 1 L., and syncope suggests the advisability of transfu-
sion in excess of this,
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WATER AND ELECTROLYTES

It is necessary to restrict oral intake of fluid and food for the
first twelve to twenty-four hours after operation—without exception—
if general anesthesia has been used or an abdominal operation has
been carried out. By the second or third postoperative day, unless
there is cause for persistent ileus, the patient will take fluids by
mouth. This amount can be increased, as tolerated, on a progressive
schedule, such as:

Nothing by mouth — 30 ml. warm water each hour — 100 ml,
water each hour — clear liquids — full liquids ad hb. — soft
diet — general diet.

The foods which may be used are described in Chapter 5, on
Nutnitional Balance.

Fluid and electrolyte balance are maintained by parenteral therapy
during the period of low oral intake. The problems of water and
electrolyte balance in surgical patients and the details of parenteral
therapy are discussed in Chapter 4, on Fluid and Electrolyte Balance.

Except for the period of complete alimentary starvation which
follows immediately after anesthesia and operation, the feeding sched-
ule of the patient should be individualized as much as possible. Simple,
uncomplicated parenteral therapy of short duration is desirable, and
the very important point of patient safety, as well as the practical
point of economy, is served by an early return to oral intake, Clinical
signs of gastrointestinal function which indicate that oral intake can
be started with little risk of nausea, vomiting or persistent ileus are:
(1) active bowel sounds, (2) absence of abdominal distention, (3)
passage of gas by rectum and (4) appetite.

Lec axp Lunc Exencises

Postoperative atelectasis, pneumonitis and thromboembolism are
often preventable complications.

Active leg movements aid venous return and minimize the tendency
for quiet venous thrombosis in the veins of the lower extremities. It
can be shown that the so-called “bicycle evercises” with active dorsal
and plantar flexion of the feet increase linear blood flow in the veins
of the lower extremities. Such exercises should be carried out by the
patient many, many times during the early days after operation.
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Special elastic stockings or elastic bandages which extend to the knee
are also helpful.

Frequent turning of the patient from side to side, minimal sedation
during the early postoperative phase of postanesthetic depression,
supervised deep breathing exercises at frequent intervals duning the
day and night, a voluntary forced cough routine to aid in the removal
of secretions in the trachcobronchial tree and carly ambulation after
operation favor improved aeration and mechanical removal of re-
tained secretions. If patient co-operation is poor and the cough is “wet,”
tracheobronchal toilet is carried out immediately, using a pasal
endotracheal catheter and suction.

OXxYGEN THERAPY

The most common postanesthetic complication is respiratory de-
pression. For this reason, all patients anesthetized with Pentothal,®
elderly patients, cardiac cases of the cyanotic group, and many others
should have oxygen therapy continuously after the operation until
they have reacted completely.

Postanesthetic opiates should be withheld, especially in the older
patients, until the patient has recovered from the anesthesia.

When tidal volume falls, eventually the entire reduction in the
amount of air breathed is at the expense of alveolar ventilation, since
the respiratory dead space remains constant. No significant threat to
adequate gas exchange evists until vital capacity falls to 1,000]0r
1,200 cc. Respiratory decompensation with hypovia and CO; retention
(hypercapnia ) develop shortly after this point.

Hyroxia

Since cyanosis may not be present unti] arterial oxygen saturations
fall to 80 per cent or less, the oxygen content of arterial blood (gas
analysis or oximeter) provides the only reliable index of low-grade
hypoxia. From a practical standpoint, then, the clinician must “think-
hypoxia” whenever ventilation or circulation is impaired.

Seldom will the postoperative patient tolerate the BLB mask or
Barach metered mask for the admmstration of oxygen. The use of an
oxygen tent, if 1t 15 in good service and well managed, is satisfactory;
but usually nasal tube oxygen 1s most adaptable, Nasal tube oxygen
humidified by bubbling through water is given at a rate of 4-6 L/
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minute flow, and alveolar oxygen concentrations of 25-30 per cent arc
thus realized. Gastric dilatation from swallowed air must be avoided
by careful placement of the tube. The catheter is inserted into the
nasopharynx until it can be visualized at the uvula, then withdrawn
% in. and anchored to the face with adhesive tape. Mask oxygen ther-
apy and intermittent positive-pressure respiration (IPPR) is required
in the treatment of pulmonary edema.

Hypercarsia (CarBoN Dioxioe RETENTION)

As alveolar ventilation falls, oxygen tension falls and CO. tension
rises in the alveoli and in arterial blood. Since the diffusion constant
of CO; is not identical with that of oxygen, and because of the greater
molecular weight of CO,, it diffuses less rapidly than oxygen. Al-
though oxygen therapy raises alveolar oxygen tension and arterial
ovygen saturation to normal levels by replacing inert nitrogen in
inspired air, CO; can be eliminated only by increasing the tidal
volume or by an excessive increase in the respiratory rate. A shift in
blood pH to more acid levels occurs simultaneously with CO, retention
and an alteration of the HyCO,/BH CO; ratio. As a relatively slow
adjustment, renal conservation of base and_excretion of acid occurs,
with an increased CO.-combining power of blood and acid pH of
the urine.

In CO; retention there may be anxiety, restlessness, muscular
twitchings and rigidity and convulsions. Early in its development the
blood pressure and pulse are elevated, but later they fall. The treat-
ment of CO, retention is to improve the ventilation by removing
causes of hypo-aeration and/or augmenting tidal exchange. °

The practical significance of differentiating hypoxia and CO, re-
tention from hypo-aeration is obvious. ;

PosToPERATIVE SEDATION

The control of pain after operation is accomplished at first with one
of the narcotics, morphine or Demerol.® The shattering of patient
morale and the rapid clinical deterioration that results from inadI:: uate
pain_control indicate the importance of continued attention t(? this
problem. Adequate sedation is needed; yet the excessive use of narcot
ics and sedatives must be avoided. This is toic

. articularly true in jatri
cases (“old age is its own analgesia”), i P y geriatric

n cases of asthma, hypothy-
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roidism, liver disease and in the very young, Thus the problem becomes
a highly individualized one which should usually be managed by 2
single physician. The following generalizations are justified:

1. Morphine or Demerol® is required for the control of post-
operative pain in most adult patients during the first day or two after
operation Codeine or aspirin should be substituted as soon as possible
for the more powerful and habit-forming narcotics.

2. Orders for narcotics must be carefully written, to include
(a) time limit and (b) fixed checks against oversedation. For example,
a postoperative morphine order might be written as follows:

Morphine sulfate, 10 mg. every 4 hours as needed for pain, un-

less respirations become less than 12/minute; narcotic order
limited to 24 hours.

3. Restl and sleepl almost physiologic states in the
aged, are best controlled with barbiturates, paraldehyde or chloral
hydrate. The restlessness of upper-airway obstruction, CO. retention,
urine retention, intracranial bleeding, alkalosis, uremia, alcohol with-
drawal or barbiturate mania do not call for control by the use of
sedatives without establishing the cause of the difficulty.

4, The narcotic addict may be hard to bandle, but the post-
operative period is a dangerous time to submit him to withdrawal
therapy. Maintenance doses of narcotics must be given to such patients

Other measures to consider in the control of severe postoperative
pam include the following:

1. Intravenous procaine solution must be used in proper dosage
and dilution. Dangerous reactions may occur with this drug. .

2. Segmental mtercostal nerve block, using 1 per cent procaine
solution, is easily carried out and affords striking relief of wound pain
in almost every instance.

3 Intravenous alcohol solution, 5 per cent alcohol added to dex-
trose 1n distilled water has analgesic and sedative effects.

GASTROINTESTINAL FUNCTIONS

Postanesthetic nausea and vomiting, gas pains and persistent jleus
can best be controlled by careful physiologic bowel preparab'on and
the avoidance of drastic purgation preoperatively, early ambulation
after operation, improved anesthesia and controlled premedicntion
Early postanesthetic nausea and vomiting may be relieved by the



PRINCIPLES OF SURGICAL CARE 251

symptomatic use of such pharmacologic preparations as Benadryl®
or Dramamine.®

A rectal tube or rectal irrigation may give effective relief to the
patient with gas pains, intestinal distention and anal sphincter spasm.

The diagnosis of fecal impaction is suggested by pain in the
rectum or a sense of rectal fulness, painful bowel movements, con-
stipation or the incontinence of a diarrhea-like stool. Digital removal of
the impaction is required, together with repeated mineral oil retention
enemas. Fecal impaction is a special problem in the patient who has
had barium x-ray studies of the gastrointestinal tract without com-
plete evacuation of the barium mixture before operation; the patient
with peptic ulcer who is receiving aluminum hydroxide or Sippy
powder management; and in those cases where a Jower abdominal
operation, perineal or anorectal procedure has been done.

Suction-decompression of the gastrointestinal tract, intermittent or
continuous, using a nasogastric tube or a mercury-weighted long tube
(Miller-Abbott, Kaslow, Cantor or Harris), is indjcated after a variety
of operations. These include cases of elective resection for small- or
large-bowel obstruction, biliary tract surgery, gastric resection, peri-
tonitis, acute abdominal injuries and many other conditions requiring
surgery. The outstanding complications of suction-decompression are
water and electrolyte problems. Disturbances in fluid-electrolyte
balance can be avoided in such cases only if an accurate volume-for-

volume and milliequivalent-for-milliequivalent replacement of losses
is made.

Acute UrINARY RETENTION

Becaunse of the increased risk of infection, the arinary bladder
should not be allowed to become overdistended.

Catheterization of the postoperative patient is indicated in the
following situations:

1. Given a chance to void first, and unable to do so, debilitated
and elderly patients should have placed indwelling a self-retaining
Fo]ey type catheter as a precautionary measure against urinary reten-
tion during the early postoperative period.

2. If there is inability to void with evidence of bladder distention
and lower abdominal distress, the patient should be catheterized

3. The incontinent patient should be catheterized so as to minin‘lize
the risk of tissue maceration and bedsores from the combination of
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wetting and pressure. Catheter management simplifies the nursing
problem 1n such cases.

4. After abdominoperineal rescction, extensive perincal plastic
operations and the repair of vesicovaginorcetal fistulas, catheteriza-
tion should be done.

5. An inlying catheter is indicated if hourly serial urine volume
determinations are desired as a measure of cardiovascular-renal hemo-
dynamics (acute dehydration states with oliguria, oligemic shock, the
burned patient).

6. After injury (traumatic or surgical) to urinary bladder or
urethra, in combination with other procedures, the patient should be
catheterized.

EARLY AMBULATION AFTER SURGERY

The favorable influence exerted on a number of body functions
by early ambulation is evidenced by decreased muscle wasting, im-
proved muscle tone, shortened convalescence and improved patient
morale. From a practical viewpoint, the nursing load per patient is
reduced by early ambulation after operation.

The principle of early ambulation can be followed in the majority
of surgical cases. There is no experimental or clinical evidence to
show that it has an unfavorable effect on wound healing. The con-
traindications to ambulation are (a) peritonitis, (b) serious cardiac
disease with congestive heart failure or myocardial-coronary insuffi-
ciency, (c) insecure wound closure and (d) thromboembolic disease.

A standardized regimen of early ambulation has been described
by Leithauser (1951). It is presented, with some modifications, as
follows:

1. The patient should be ambulatory before the operation, as well as in
the postoperative period.

2. As soon as he recovers from anesthesia, ambulation may be started.
At least four walk-periods are required on the day after operation. At first, the
patient walks only a short distance; this is then repeated until the limit l}f
tolerance is reached. The technic of mobilizing the patient for the first time 13
as follows. The patient is moved into the lateral position at the edge of the
bed, then he flexes the thighs and knees so that the lower extremities ar¢
brought over the edge of the bed. He then is helped to a sitting position by
rotation through a lateral plane. This maneuver results in least tension on the
wound and a mmimum of wound pain. A change to the erect position will
often be followed by paroxysmal coughing The patient is encouraged to
breathe deeply and to cough out tracheobronchial secretions. There may be
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transient light-headedness and vertigo. Steps are placed at the bedside to
avoid sharp strain on the wound as the patient stands; he should wear shoes
or a slipper with a heel, so as to avoid foot and leg strain. He walks about for
a few minutes; then the return to bed is accomplished in reverse order. The
patient should be assisted in performing these maneuvers the first two or three
times.

3. During rest periods in bed, leg and lung exercises are performed every
half-hour. In the first stages after operation, the patient is not allowed to sit in
a chair for prolonged periods. Sitting may lead to venous stasis and encourage
thrombosis. It should be emphasized that the patient must walk as much as
he feels he can and then return to bed.

4 The patient walks to the bathroom as soon as he is able. Postoperative
enemas are seldom required, and use of the bedpan is uncommeon.
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CHAPTER 11

Care of the Patient
in the Operating Room

ONCE THE decision to operate has been made,
certam arrangements arc necessary. The operating-room staff must
be notified, the anesthesiologist contacted and, in consultation with
him, the anesthetic agent and technic to be used determined, the pre-
medication ordered, and the preliminary preparation of the operative
field carried out before the patient is transported to the operating
room.

CHOICE OF THE ANESTHETIC AGENT AND TECHNIC

The choice of the anesthetic agent and technic must be based
on a knowledge of the properties of the drugs used and the advantages
and disadvantages of the various technics, The selection should be
made taking into consideration all factors which pertain to the individ-
ual patient.

There are threc fundamental factors to be considered: (1) the
safety of the patient, (2) the convenience of the surgeon and (3) the
comfort of the patient These are listed in the order of their importance;
and if sacrifices are necessary, they must be made in the second and
third factors. Only rarely must the safety of the patient be sacrificed
for the convenience of the surgeon or for the patient’s comfort

In regard to the safety of the patient, not only should the time
during which the patient is anesthetized be considered but also the
effect of the agent or technic on the postoperative period. The choice of
the agent and technic should therefore be on a long-range basis
and not confined to the anesthetic period alone. For example, for an

254
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obese patient who is to have a cholecystectomy it might be better to
use a quick-ncting agent, such as cyclopropane, in preference 19 ether
because the postanesthetic somnolence and debility accompanying the
slow elimination of ether might predispose the patient to pulmonary
complications.

The requirements of the surgeon can generally be met if these are
made known, For this reason, the selection of the agent and technic
should be a joint decision by the surgeon and the anesthesiologist.
Such items as the type of operation, the relaxation required, the
length of the operation, the presence or absence of cautery or other
electrical equipment (explosion hazard) and personal preferences
will influence the choice. The anesthesiologist is obligated to satisfy
the requirements of the surgeon within the hmits of safety to the
patient. It is essential, therefore, that there be close co-operation
between the surgeon and the anesthesiologist.

The patient is primarily interested in his own comfort, His im-
pression of good anesthesia is based on his own or another’s experi-
ences and relates to pleasant, rapid induction and a recovery period
devoid of distress. While it is often possible to promise these small
measures of comfort, it is also unwise to accede to these demands
when they would prove unsafe. Comfort for the patient should be
the factor which is most readily sacrificed in favor of convenience
to the surgeon and, especially, safety to the patient.

The following questions are helpful in making a selection:

1. What is the safest agent and technic for this patient for this

operation?

2. What are the surgical requirements?

3. How can the patient be made most comfortable?

PREANESTHETIC MEDICATION

Depressant drugs are widely used to provide analgesia, sedation
or diminution of autonomic nervous system activity. Their administra-
tion must be based on a reasonably precise evaluation of the needs
of the patient and a working knowledge of the pharmacologic capabil-
ities of the drugs. The desired effects may be obtained with one drug
or, if necessary, a combination of two or more drugs. Specific indica-
tions should be established for each drug in the combination, A
“shotgun” type of therapy is poor practice. ’

The drugs commonly used are representatives of three groups:
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the opiates and their substitutes, the barbiturates and the belladonna
derivatives.

Morphine reduces oxygen consumption (lowers metabolic activ-
ity), clevates the pain threshhold and produces a diminution in the
response to noxious stimuli. It should be used in premedication and
for all general purposes only when these properties are desired.

Morphine may be administered by any of three routes, depending
on the time available for the production of its full effect. If given
subcutaneously, the full effect is secured in approximately ninety
minutes; if given intramuscularly, in about forty-five minutes; and if
given intravenously, in about fifteen minutes,

Substitutes for morphine include: Pantopon,® meperidine (Dem-
crol,® Pethidine), methadone, Dilaudid® and Levo-Dromoran.® Sub-
stitutes have been sought in an effort to climinate or diminish respira-
tory depression, addiction, parasympathomimetic action and other
side reactions of morphine. For the most part, there has been little
success in these attempts, and morphine continues to be widely used

Barbiturates are employed when there is need for sedation (sleep
or hypnosis), protection against the convulsive effects of cocaine and
similar drugs, and as an anticonvulsant, These drugs are poor agentS'm
use for pain relief. When given in the presence of pain, the usual in-
hibitions controlling responses to pain are so altered that a severe
state of disorientation often results.

Drugs of the belladonna group are employed to decrease the
output of sccretions from the upper respiratory tract, depress Of
eliminate reflexes mediated through the vagus, or produce some
sedation or amnesia Atropine and scopolamine are the drugs Cﬂm'
monly used. Scopolamine has certain advantages over atropine: it i
more effective in counterbalancing the respiratory depression -Of
morphine; 1t contributes a satisfying measure of psychic sedation
and amnesia; and it inhibits the nausca associated with morphine. )

The route of adminmstration of the belladonna group drugs is
governed by the desired time of onset of action. When given sub-
cutaneously, the onset is within a half hour; when given intravenously,
the onsct is almost immediate. The drugs act for approximately three
to four hours. As with morphine, it is desirable to have the full effect
developed before the induction of anesthesia As a rule, atropine oF
scopolamine are given at the same time as morphine. They may be
combined in the same syringe.
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The dosage of depressant drugs required is influenced by a number
of factors. These include: the potency of the drug, the physical state
of the patient and his level of metabolic activity, the type of anesthetic
to be used, the amount of drug previously given the patient, the
amount and type of other drugs to be used, etc. Routine practices
should be avoided, and the choice of drugs and doses must be adjusted
for each individual patient.

Ultimate determination of the dosage depends on the individual’s
metabolic activity, which varies with age. The most important single
factor influencing the estimation of the level of reflex irritability, and
therefore the tolerance to depressant drugs, is the patient’s age.
Metabolic activity increases sharply from birth to five years of age,
then decreases slightly and rises again at puberty, after which it
gradually declines until old age. The reason for frequent overdosage
mn children and the aged must, therefore, be apparent.

The basic levels of metabolism are increased by fever, pain,
emotional disturbances and specific hypermetabolic states (hyper-
thyroidism). Patients with such complications have a higher tolerance
for depressant drugs and require larger doses than do other patients.
The basic levels of metabolism are decreased in certain races (Negmes,
Orientals) and by debilitating diseases and hypometabolic states.
Under these circumstances, tolerance to depressant drugs is decreased
and smaller doses required

The premedication required for a healthy adult might consist of
10 mg. morphine sulfate and 04 mg. scopolamine hydrobromide (or
atropine sulfate 0.4 mg, ), subcutaneously ninety minutes before opera-
tion; intramuscularly forty-five minutes before operation; or, if the
intravenous route is chosen, about two-thirds of the above dose well
diluted in saline fifteen minutes before operation.

If spinal, nerve block, infiltration or topical anesthesia is to be
used, a barbiturate should be administered to minimize the foxic
effects of local anesthetic drugs and to provide psychic sed
Pentobarbital sodium may be used. The usual dosas
orally sixty to ninety minutes before the operation.

All the foregoing dosages are based on the amount of
to Pro‘dllCe vthe desx{ed effec.ts_ in a healthy adult male. The amount
prescribed in any given individual must always be based on a con
sideration of the factors which influence the response to drugs; these-
factors have been only briefly described in this section, ’

ation.
ge is 100 mg.

drug required
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PARENTERAL THERAPY

An intravenous setup should be available to permit the infusion of
a variety of solutions (dextrose, 5 per cent, in distilled water, isotonic
saline, Pentothal® vasopressor substances, muscle relaxants, plasma,
plasma-volume cvpanders, or whole blood) as nceded. A three-way
stopcock arrangement should be introduced into the setup, or other
provision made for the administration of parenteral medications. The
setup must be arranged so that rapid foreed transfusion of blood can
be accomplished at any time, without difficulty or delay. If the mtra-
venous needle is insccure, the saphenous vein at the ankle may be
exposed and cannulated, preferably with a polyethylene tube of suit-
able caliber.

PROTECTION OF THE PATIENT

Although the surgeon’s responsibility for the patient’s welfare is
shared in the operating room with the anesthesiologist and the rest of
the surgical team, it can never be transferred completely to others. The
surgeon must make sure that each member of the team is on the alert
to protect the patient It should be emphasized that, as a result of
anesthesia, the patient is in a critically vulnerable state. He must be
protected agamst the special risks in the operating room, such as the
posstble adverse effects of the room’s temperature and humidity on !he
heat-regulatory mechamsm and the possibility of injuries resulting
from the posture during the operation

Because the body’s heat-regulatory mechanism is impaired by
anesthesia, it is necessary to guard the patient against the loss a.nd
retention of body heat. Operating-room temperatures should be main-
tained at about 75° F, If the temperature and humidity are h"g}f or
the operation is prolonged, water and electrolyte losses by vaporiza-
tion and sweating may be large.

The supine horizontal position is the position best tolerated by
the anesthetized patient. In normal breathing, the thoracic cage en
larges in all directions except posteriorly. With the deeper planes of
anesthesia, the intercostal part of the respiration tends to be abolished
and most of the load of breathing is shifted onto the diaphragm.
Changes in ventlation because of the effects of surgical position
result from: (@) diminished evcursion of the diaphragm during the
expiratory phase as a result of loss of abdominal muscle tone; (&)
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factors such as undue retraction on the wound, abdominal packs,
tight binders, the flat prone or steep Trendelenburg position, which
cause elevation of the diaphragm by increased intra-abdominal pres-
sure; and {c) reflex effects of position, such as might result from the
patient resting on his lower ribs in either the prone or lateral position.
Circulatory distress results from, first, venous and capillary stasis in
dependent extremities. Reduced venous return results in lowered
stroke-volume and cardiac output, loss of support of vein walls due
to paresis and hypotonia of muscles of the abdominal wall and ex-
tremities, reduced suction and force-pump action on the great veins
caused by reduced respiratory movements, and loss of vasomotor tone
under anesthesia. So long as the effects of gravity are annulled and
the patient is quiet, he is all right. But changes from the horizontal
position are dangerous.

The therapeutic corollaries from such considerations are obvious.
The following practices should be observed: Avoid sudden changes
in position. Use small pillows beneath the pelvis and shoulders to
minimize interference with respiratory exchange. Avoid the deeper
planes of anesthesia. Confine the use of braces or the kidney rest to
selected cases and do not allow pressure against the ribs on the
dependent side. Employ supplemental breathing if ventilatory ex-
change is inadequate.

The surgical prone posture hinders respiratory movement some-
what. When an anesthetized patient is placed lying with the face
downward on the firm, flat surface of an operating table, diaphrag-
matic movements are impeded by the weight of the body resting on
the abdomen. In the prone posture, freedom of diaphragmatic mave-
ment is favored by slight elevation of the pelvis on a pillow placed
transversely under the anterosuperior iliac spines. Endotracheal intu-
bation is advisable for patients who are in the prone position or in any
other position which hinders respiratory movement or makes control
of the airway difficult.

The jacknife position with arms, legs and head dependent tends
to reduce venous return to the heart. Costal excursion is reduced by
pressure on the \_'emml surface of the thorax; and compression of ﬂ]i}
e il el e bl e s it

it v excha and the pum; acti i
ing dccre‘:«scd \'ent;us return, pumping action of the dlaphmgm, s

The lithotomy position with extreme flexion of the thighs plus the
Trendelenburg position is poorly tolerated by obese patients, owing
. . (=1
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to respiratory embarrassment resulting from increased intra-abdominal
pressure. Moreover, when the legs are lowered, redistribution of the
blood volume into the extremities and visceral regional circulations
may lead to severe hypotension.

The Trendelenburg position, if it is steep, reduces cardiac output.
There is interference with diaphragmatic movement, as well as changes
in intraperitoneal pressures which make ventilation more difficult

The lateral kidney position, by pressure on the thoray, interferes
with intercostal breathing on the dependent side. Venous return from
all the extremities is retarded by gravity. Reflex cffects may oceur.

The high gallbladder rest used with the cholecystectomy position
requires profound anesthesia in order to relax the stretched abdominal
muscles. Interference with venous return from the kidneys and
lower extremities, owing ta compression of the inferior vena cava
against the hyperextended vertebral column, may occur. Relaxation
of back muscles and forced hyperextension may be responsible for
postoperative back pain.

The sitting position interferes the least with costal respiration.
An abdominal binder is recommended for patients with relaxed
abdominal muscles, since such muscles contribute to diaphragmatic
inhibition. However, deep anesthesia should not be used with the
patient sitting, because blood will stagnate in the extremities.

Neurovascular injurics may follow malposition on the operating
table. The principal factor in the development of such injuries is
ischemia, resulting from stretching or pressure on nerves or vessels.
Remember that the anesthetized patient is pain-free and cannot com-
plain about postural insults. Muscle tone is reduced by anesthesia,
and so the patient is more susceptible to the elfects of unnatural
positions. Trauma to nerves or vascular structures can occur under
these conditions, and the damage is usually not discovered until the
postoperative period.

The brachial plexus is especially vulnerable if the steep Trendelen-
burg position is used with no shoulder braces or with poor placement
of the shoulder braces This is particularly so if the arm is hyper-
extended on a board for the operation, as is done for radical mastec-
tomy cases, for the administration of parenteral fluids or simply in
making room for the surgeon’s assistant. If the shoulder brace is
allowed to press against the soft structures in the supraclavicular
space, rather than over the bony acromioclavicular joint, injury may
result.
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The radial, ulnar and median nerves are vulnerable to trauma
because they traverse the brachium. If the arm hangs over the edge of
the operating table, the nerves may be compressed between the
humerus and the edge of the table. The same injuries may occur if
the surgeon’s assistant leans against the arm, crushing it between his
body and the operating table.

Foot-drop from common peroneal nerve paresis and paresthesias
due to pressure on the saphenous nerve can be attributed to the lith-
otomy position and pressure of the metal braces which hold the
stirrups, or pressure in the pophteal fossa from the leg braces on
obstetrical tables.

Peripheral vascular damage may also occur. Subclavian or axillary
artery compression and occlusion may result from long-sustained pres-
sure in hyperabduction. Venous thrombosis in superficial veins may
be the result of braces, padding or straps which cause venous occlusion.

CARE OF RESPIRATION AND CIRCULATION

No anesthesia is safe or satisfactory unless diligent efforts are
made to maintain a functioning airway. There are no short cuts for
avoiding constant attention to the patency of the airway.

A free airway is one through which the inspired atmosphere passes,
without obstruction, from outside the body into the arterial blood and
through which waste gases can pass, without cobstruction, from the
venous blood to the external atmosphere. The airway includes the
naso- and oropharynx, the larynx, the trachea, the bronchi and all
subdivisions, and the alveoli.

An obstruction to the airway produces several undesirable effects:
it calls for increased effort an the part of the patient, it makes it
difficult to obtain and maintain anesthesia; and it seriously interferes
with oxygen intake and CO: elimination. While the patient may
tolerate the increased respiratory effort occasioned by an imperfect air-
way and may not suffer too greatly from an uneven and inadequate
anesthesia, he will die if the ainvay obstruction is great enough or
prolonged enough to impede his oxygen intake and CO, elimination.

METHODS OF IMPROVING AND MAINTAINING THE AIRWAY

SUan)?'.—No anesthesia (including all technics) should be in-
duced, maintained or terminated without having a source of suction
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available. The need for removal of foreign material from the pharyn,
larynx or trachcobronchial tree must always be anticipated, and ready
dependable suction is the most efficacious method of accomplishing
this. Various aspirating appliances, such as a metal tip, a catheter with
a “whistle tip,” and an ordinary urcthral catheter, may be used.

Suppont oF THE Jaw AxD Posrrion of TiE Hrap.—Interruption of
the air flow in the oropharynx can be prevented or corrected without
mechanical means by preventing the mandible from falling back and
by not allowmg the tongue to sag. This can be done by grasping the
mandible (at its midpoint) between the thumb and forefinger and
pushing it forward (Fig. 49). Traction on the tongue with the fingers,
suture or foreeps will also relieve the obstruction but is traumatic and
no more effective.

The head of the relaxed patient is in the optimal position when
1t 15 turned to the side and slightly extended ( Fig. 50). This maneuver
often leads to improvement in the airway. Turning the patient into
the lateral position also will often provide notable improvement
the ainvay and facilitate drainage of mucus, blood, etc, from the
pharynx. A shght head-down position is likewise helpful in establish-
ing and maintaining a patent airvay. Do not put the patient’s head
in a position with the face up, and do not use a pillow unless it 15
placed well under the shoulders and the neck is not flexed.

MEGHANICAL AmwaYs —Two devices commonly used to correct
obstruction to air flow in the upper air passages are- the oropharyn-
geal airway (several types) and the nasopharyngeal airway. The
manner of inserting the oropharyngeal airway is shown in Figure 51

CLEARING THE AIRWAY AT THE LARYNX

The best treatment for laryngospasm is prophylactic treatment.
Adduction of the vocal cords 15 a protective mechanism to prevent
contamination of the lower respiratory tract, Laryngospasm can alwfllys
be traced to errors of omission or commission in the administration
of the anesthesia. Sudden high concentrations of anesthetic agents
should be avoided, agents which would enhance the laryngeal reflex
should not be used in situations in which the laryngeal reflex is apt
to be activated, and foreign material should be kept out of the oro-
pharynx. If there 15 likelihood of contamination of the oropharynx, or
of laryngospasm, 1t is best to prevent adduction of the cords by intro-
ducing a tracheal catheter,
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Laryngospasm, once present, must be treated promptly and
effectively. The cause or causes of the spasm must be determined and
immediate steps taken to reverse the situation, The concentration of
the anesthetic agent must be reduced by dilution with oxygen; manipu-
lations which may be inciting the spasm must be removed; and if the
reflex is being hyperactivated by an intravenously administered bar-
biturate, the drug should be discontinued.

1f the oropharyngeal airway is patent, it is often possible to force

Fic 51.—Method of inserting an oropharyngeal airway. The forefinger of the
left hand is placed between the buceal surface and the alveolar ridge behind the
last tooth and gently rotated The airway is inserted with a rotating motion mer'the
tongue, (From Cullen, S C : Ancsthesta in General Practice [4th ed.; Chicago Year
Book Publishers, Inc, 1954], p. 69.)

oxygen through the spastic cords by means of a mask fitted snugly
to the face and intermittent pressure applied by hand to a bag full
of oxygen After a little oxygen is forced past the adducted cords, the
relief of anovia causes relaxation of the spasm and the patient resumes
voluntary breathing. The bag and mask should be left in place and
oxygen supplied until there is certainty that the anoxia has been com-
pletely relieved.

This method of control of laryngospasm is usually sufficient.
Tracheal intubation should be rigorously avoided at this time. The
time required to make such an attempt will add to the hypoxia and
may be the critical factor leading to mortality. Unless there is a
mechanical obstruction, tracheotomy is likewise inadvisable. Manual



CARE OF PATIENT IN OPERATING ROOM 265

methods of artificial respiration are ineffective in the presence of
severe laryngospasm and should not be used until the airway is clear.

CULEARING THE AIRWAY IN THE TRACHEA AND BRrONCHI

Relief of a blockade of the airway at this point usually entails the
removal of foreign material, such as blood, pus, mucus, vomitus and
foreign bodies. This is best accomplished by bronchoscopy, but in
emergencies the insertion of a tracheal catheter through which a
suction catheter can be directed is quite effective and often lifesaving.

The patient should be placed in the head-down position with the
head turned to one side. Sometimes, pounding the patient on the back
will assist in the expulsion of foreign bodies. Infants and small children
can be held by the feet in a completely inverted position for short
periods to facilitate drainage of the tracheobronchial tree.

VENTILATION

The establishment and maintenance of adéquaté _ventilation is
also of fundamental importance. The anesthesiologist must make an
accurate estimate of normal ventilation for the individual patient, must
be alert to the effects of hypoventilation and be familiar with the
factors predisposing to it and must take steps to correct deficiencies
in ventilation when they occur.

The anesthesiologist is intimately concerned with ventilation be-
cause the patient’s welfare requires that respiratory exchange take
place. In inhalation anesthesia, it is necessary to provide for movement
of the anesthetic gases and vapors to and from the point at which
exchange takes place between the alveolar atmosphere and the blood.

TREATMENT OF HYPOVENTILATION

Ventilation can be accomplished simply and effectively by manual
intermittent positive pressure applied to the rebreathing bag. It is
important that the pressure be so applied that the mean Ppressure
throughout the respiratory cycle is minimally elevated. There is evi-
dence that elevation of the mean pressure interferes with the return of
venous blood to the heart and causes a reduction in cardiac output.

T.his condition is usually observed only in patients with a deficient
circulatory status.
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There arc other mechanical devices which are used to assist ventila-
tion. Some of these produce intermittent positive pressure, and others
produce intermittent positive and negative pressure. They effectively
aid ventilation but have the disadvantage of being less adaptable to
minute-to-minute changes in the requirements of the patient.

GENERAL ANESTHESIA
INIALATION ANESTHETIC AGENTS

The drugs used to produce anesthesia by inhalation may be volatle
or gaseous. The volatile agents are liquid at atmospheric pressure bt
volatilize to the vapor state on exposure to the atmosphere; they are
administered as a vapor. The gaseous agents are in liquid form at
high pressure but change to the gascous state on exposure to the
atmosphere; they are administered as a gas.

The volatile anesthetic agents commonly used are: ethyl ether,
divinyl ether {Vinethene®), chloroform, ethyl chloride and trichloro-
ethylene. The gascous agents are: nitrous oxide, cthylene and eyclo-
propane.

To facilitate sclection for particular anesthetic problems, these
drugs can be further classified according to their physical and phar-
macologic properties. The physical propertics which are of interest
are: the type, the weight of the vapor or gas in relation to the air, l.he
flammability, the odor and the stability. The pharmacologic properties
of practical interest are: the potency, duration of action, the safety
ratio, and the effect on various organs and the autonomic nervous
system.

It is beyond the scope of this work to delve into anesthetic phar-
macology, but it must be emphasized that a working knowledge qf
the basic physical and pharmacologic properties of these agents i
essential to their usage. The student is urged to consult works on
this subject.

INHALATION ANESTHETIC TECHNICS

A rational appreciation of inhalation anesthesia is obtained i
one remembers that the e‘(change of all gases and vapors is dependent
on the gradients in partial pressures of these gases and vapors Each
succeeding medium through which the gas passes will attempt to
attain the partial pressure of the gas or vapor in the preceding medium
The rate at which this equilibrium in tension is secured depends on the
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ability of the gas or vapor to traverse biologic membranes. This ability
depends chiefly on the density of the gas or vapor, but the passage
of the gas or vapor is also influenced by the state of the membrane.
The rate at which equilibrium is established depends also on the
extent to which gases are moved in the lung and the extent to which
exchange is influenced by mechanical mixing or diffusion. Ventilation
of the lung is an essential factor.

The level of anesthesia depends on the blood level of the anes-
thetic drug. Depression of nerve tissue is in direct proportion to the
blood level of the agent, and the level of the agent is in direct pro-
portion to the partial pressure of the agent to which the plasma is
exposed as it passes through the lung.

The maintenance of anesthesia by the inhalation of gases or
vapors is influenced by the solubility of the particular agent in lipoid
tissues. The more potent agents (ether, Vinethene,® cyclopropane)
are highly soluble in fat; therefore it is necessary to add the agent to
the blood to replace that lost from the plasma to the lipoid tissues.
An equilibrium between the plasma and lipoid tissue levels is reached
as the anesthesia progresses, so that less and less is lost from the
plasma to the fat tissues; and therefore, less and less agent need be
added to the inspired atmosphere to maintain a satisfactory blood
level.

Recovery from inhalation anesthesia depends on the same factors
that influenced induction and maintenance, only in reverse order.
When the mask is removed, the tension of the anesthetic agent in the
inspired atmosphere drops to zero, and the flow of gas or vapor is
then from the tissues to plasma, to alveoli to air, assuming that there
is competent ventilation and circulation. The rate at which desatura-
tion occurs depends on the solubility of the gas or vapor in the blood
and its partial pressure in the tissues.

) .Sever.nl inhalation systems and technics are available for the ad-
n.nmstm‘glon of anesthetic gases and vapors. These range from the
simple “open drop” technic to the “closed” technic. In the former,
the drug in.liquid_form is vaporized on gauze or a face mask; an(i
the dn.lg, mixed with air, is inhaled. In the closed system, the gas or
vapor is confined to a closed system to which oxygen is added as re-
Smred and from which CO; is removed by chemical absorption with

soda lime.” Rebreathing of the anesthetic agent occurs. Vari
between these two technics are called “semiopen” or
according to whether a reservoir ba
In all methods, there must be a sourc

ations
d “semiclosed,”
g is used or rebreathing occurs.
¢ of oxygen, a means for disposal
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There are other mechanical devices which are used to assist ventila-
tion. Some of these produce intermittent positive pressure, and others
produce intermittent positive and negative pressure. They effectively
aid ventilation but have the disadvantage of being less adaptable to
minute-to-minute changes in the requirements of the patient.

GENERAL ANESTHESIA
INHALATION ANESTHETIC AGENTS

The drugs used to produce anesthesia by inhalation may be volatile
or gaseous. The volatile agents are liquid at atmospheric pressure but
volatilize to the vapor state on exposure to the atmosphere; they are
administered as a vapor. The gascous agents are in liquid form at
high pressure but change ta the gaseous state on exposure to the
atmosphere; they are administered as a gas.

The volatile anesthetic agents commonly used are: ethyl ether,
divinyl ether (Vinethene®), chloroform, ethyl chloride and trichloro-
ethylene. The gaseous agents are: nitrous oxide, ethylene and cyclo-
propane.

To facilitate selection for particular anesthetic problems, these
drugs can be further classified according to their physical and phar-
macologic properties. The physical properties which are of interest
are: the type, the weight of the vapor or gas in relation to the air, t.he
flammability, the odor and the stability. The pharmacologic properties
of practical interest are: the potency, duration of action, the safety
ratio, and the effect on various organs and the autonomic nervous
system,

It is beyond the scope of this work to delve into anesthetic phar-
macology, but it must be emphasized that a working knowledge (?f
the basic physical and pharmacologic properties of these agents is
essential to their usage. The student is urged to consult works on
this subject.

INHALATION ANESTHETIC ‘TECHNICS

A rational appreciation of inhalation anesthesia is obtained if
one remembers that the exchange of all gases and vapors is dependent
on the gradients in partial pressures of these gases and vapors. Each
succeeding medium through which the gas passes will attempt to
attain the partial pressure of the gas or vapor in the preceding medium
The rate at which this equilibrium in tension is secured depends on the
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and hypnotic properties rather than their anesthetic properties, since
they are not analgesics, They are properly utilized in combination with
nitrous oxide or spinal, regional or local analgesia. Under some con-
ditions the muscle relaxants are used in conjunction with the short-
acting barbiturates.

The most widely used agent is Pentothal® sodium. Because of the
ease of administration and the relative lack of disagreeable side effects,
this agent has become popular with patients and physicians alike.
However, it is a dangerous drug and, once given, cannot be reclaimed.
1t influences the vagus nerve to effect an increase in the laryngeal
reflex, to constrict the bronchioles and dilate the spleen. If high blood
levels are attained, it is prone to produce a fall in blood pressure.
An increase in the laryngeal reflex with resultant laryngospasm con-
stitutes its greatest hazard and contraindication.

Pentothal® should not be used in any patient in whom patency
of the airway cannot be assured at all times. Unless intubation is
used (the tube may be introduced under topical anesthesia before
the barbiturate is given), Pentothal® should be avoided if there is
likelihood of incitement of laryngospasm by pus, blood, mucus, vomitus
or other foreign material in the respiratory tract. It should not be
administered to patients who must be placed in the prone position.
1t should be used with extreme caution in patients subjected to pro-
cedures likely to incite reflex laryngospasm (e g., dilatation of the
anal sphincter and stripping of the periosteum). Generally, Pentothal®
is contraindicated for patients in shock or in whom shock may be
anticipated.

Operations on the head and neck, chest and abdomen, especially if
relaxation is required, usually contraindicate the use of the short-
acting barbiturates as the chief anesthetic agent. Their use should
be confined to short procedures in patients in good condition where
relaxation is not a prerequisite and where the likelihood of adverse re-
flexes and impairment of the airway is remote. Even under ideal condi-
:Ii]ons, apnea and laryngeal obstruction may develop. The physician

ust therefore always be prepared to cope with these emergencies.

REGIONAL ANESTHESIA

SPINAL ANALGESIA (ANESTHES1A )

) S[.:innl analgesia is that state of analgesia secured by the introduc-
tion intrathecally of procaine or a similar drug. The analgesia is
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of CO, and a device for administering the anesthetic gas or vapor.

The selection of the technic depends on a number of measurable
factors, the proper application of which greatly influences the success
and safety of the anesthetic procedure. Among these factors are:
the heat loss, humidity of the inspircd air, CO. retention and resist-
ance to ventilation,

MuscLE RELAXANTS

There are several drugs (e.g., Flaxedil,® d-tubocurarine, succinyl-
choline, decamethonium) which, by virtue of their ability to produce
muscular relaxation, enhance the safety of anesthesia and the con-
venience of the surgeon. They are not ancsthetic drugs, but they are
cffective by blocking neuromuscular transmission.

A satisfactory anesthetic state should be established before at-
tempting to augment relavation by the administration of relaxants.
Many of the difficulties associated with the use of these agents are
related to insufficient anesthesia. Excessive and protracted respiratory
paralysis and bronchospasm often result from attempts to provide
relaxation under inadequate anesthesia The muscle relaxants are
adjuncts to well-conducted anesthesia and are not the means for
overcoming deficiencies of poorly managed anesthesia.

All of the relaxants are given intravenously. They may be used
in conjunction with any of the inhalation agents, keeping in mind
the additive effect of d-tubocurarine and ether. The dose required
varies with the extent of relaxation needed, the degree of relaxation
provided by the anesthetic agent and the type of relaxant used.

Neostigmine and physostigmine are effective antagonists to curare
and Flaxedil ® Their ability to antagonize curare appears to depend
largely on a strong anticholinesterase property. Tensilon® also has an
anticurare effect through its competition with curare at the cholinergic
receptors in the neuromuscular junction.

The complications associated with the use of the muscle relaxants
involve both the respiratory and the circulatory systems Depression
ar paralysis of the respiratory system is most common.

INTRAVENOUS ANESTHESIA

The ultra-short-acting barbiturates given intravenously (Pento-
thal® sodium and Evipal® sodium ) are widely used for their depressant
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tension. There are means of preventing the hypotension in most
patients, and there are effective means of treating it once it has devel-
oped; but one cannot guarantee that hypotension will not appear,
despite adequate prophylactic measures. For this reason, it is not advis-
able to use spinal analgesia for patients in impending or overt shock

The constant significant incidence (5-10 per cent) of postlumbar
puncture headache is a complicating factor which seriously interferes
with the pleasant postanesthetic course of spinal analgesia. There is
also a small, but real, incidence of neurologic complications, which are
often minor and short-lived but which may be major and protracted.

REGIONAL, INFILTRATION AND TOPICAL ANALGESIA

Regional nerve block is accomplished by interrupting the nerves
with procaine or similar drugs at a site distant from the site of the
proposed operation. Infiltration analgesia is accomplished by blocking
the nerves at the site of the proposed operation. Topical analgesia is
obtained by blocking the nerve endings by the application of an agent
on the surface.

These types of analgesia are useful when it seems advisable to
anesthetize small areas with minimal interference of general physio-
logic mechanisms. They are also useful when it is advisable to reduce
to a minimum the chances of postanesthetic nausea and emesis—for
example, in plastic reconstructions about the face and neck, ophthal-
mologic surgery and fixation of mandibular fractures. With these
types of analgesia it is possible, and sometimes beneficial, to retain
the co-operation of the patient. Some patients prefer regional, infiltra-
tion or topical analgesia to technics which produce unconsciousness.
Complete relaxation can be secured by the proper use of these technics,
and bleeding during the surgery is probably minimized. ’

There are also certam disadvantages to these technics A patient
must be co-operative and able to distinguish between sensations of
touch, pressure, traction and pain. Some patients are incapable of
differentiating these sensations and are not good subjects for regional
or infiltration analgesia. As a general rule, any patient who does not
want analgesia by either of these methods is a poor candidate.

Proper premedication is a prerequisite to satisfactory regional,
infiltration and topical analgesia and many times makes the differen .
between good and poor results. The use of morphine and sco ohmixcle
intravenously is extremely beneficial during analgesia pmd[:m;d b;
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confined to the area supplied by the nerve roots affected by the drug,
and it may be associated with muscular relaxation and paralysis of
the fibers of the sympathetic nervous system which happen to traverse
the roots mvolved in the anesthesia. Although only a portion of the
patient 15 patently anesthetized, spinal analgesia must be considered,
m a sense, a general anesthesia, in that clmngcs induced by the paral-
vsis of the nerve roots indirectly influence the whole body. This
nfluence on the body as a whole is directly proportional to the number
of segments that arc anesthetized; ie., the higher the level of spinal
analgesia, the more profound the general effect.

1t is generally believed that the interruption of the transmission
of nerve impulses is accomplished in the nerve root after it leaves
the spinal cord and before it exits from the dura, and that anesthetizz-
tion of the tracts of the spinal cord is not affected. The degree to which
the nerve roots are anesthetized is, in a broad sense, entirely dependent
on the concentration of the drug to which they are exposed. The
different modalities of scnsation and the fibers controlling muscular
and sympathetic tone are paralyzed in a relatively constant order.
Pain sensation disappears early; touch, kinesthetic sense and deep
pressure sense disappear later, and in about that order. Block of l!le
sympathetic fbers takes place before the appearance of analgesia,
and muscular relaxation develops shortly afterward. It is entirely pos-
sible, and sometimes advantageous, with low concentrations of the
drug, to produce good analgesia and sympathetic paralysis without
significant degrees of muscular paralysis.

Spinal analgesia has several features which make it a desirable
technic It is capable of effecting extreme muscular relaxation. It
causes contraction of the small intestine by interruption of the sympa-
thetic pathways. This contraction facilitates evposurc within the
abdomen Spinal analgesia is useful when it is expedient to employ
cautery or electrical apparatus during surgery. It is also useful when
the patient’s co-operation is desired during the operative procedure
and m patients who do not like to lose consciousness. The post-
anesthetic period 15 somewhat less distressing than that following
other technics, because of a decreased incidence of nausea and emesis.

There are also certain disadvantages to spinal anesthesia. Except
in continuous spmal analgesia, the drag cannot be retrieved once it
has been introduced into the subarachnoid space, and any complica-
tions that may develop must be treated symptomatically. There is
always the likelthood of precipitous and inordinate degrees of hypo-
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tension. There are means of preventing the hypotension in most
patients, and there are effective means of treating it once it has devel-
oped; but one cannot guarantee that hypotension will not appear,
despite adequate prophylactic measures. For this reason, it is not advis-
able to use spinal analgesia for patients in impending or overt shock,

The constant significant incidence {5-10 per cent) of postlumbar
puncture headache is a complicating factor which seriously interferes
with the pleasant postanesthetic course of spinal analgesia. There is
also a small, but real, incidence of neurologic complications, which are
often minor and short-lived but which may be major and protracted.

RECGIONAL, INFILTRATION AND TOPICAL ANALGESIA

Regional nerve block is accomplished by interrupting the nerves
with procaine or similar drugs at a site distant from the site of the
proposed operation. Infiltration analgesia is accomplished by blocking
the nerves at the site of the proposed operation. Topical analgesia is
obtained by blocking the nerve endings by the application of an agent
on the surface.

These types of analgesia are useful when it seems advisable to
anesthetize small areas with minimal interference of general physio-
logic mechanisms. They are also useful when it is advisable to reduce
to a minimum the chances of postanesthetic nausea and emesis—for
example, in plastic reconstructions about the face and neck, ophthal-
mologic surgery and fixation of mandibular fractures. With -these
types of analgesia it is possible, and sometimes beneficial, to retain
the co-operation of the patient. Some patients prefer regional, infiltra-
tion or topical analgesia to technics which produce unconsciousness.
Complete relaxation can be secured by the proper use of these technics
and bleeding during the surgery is probably minimized. )

There are also certain disadvantages to these technics. A patient
must be co-operative and able to distinguish between sensations of
zlquch, pressure, traction a.nd pain. Some patients are incapable of

ifferentiating these sensations and are not good subjects for regional
or infiltmtimf analgesx’a. As a general rule, any patient who does not
wanIt)analgesna by either of these methods is a poor candidate,
roper premedication is a prerequisite i . i
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b : hine and i
intravenously is extremely beneficial during t"sxalgis}: psriilxzxoc]:(rln ‘;)];
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these methods. Morphine enhances the analgesia and helps to minimize
the discomforts of position, pressure and traction. Scopolamine is helpfut
in dissipating some of the apprehension that is present in some patients.
On occasions, it 15 useful to produce lig]lt hypnasis with Pentothal &
The induction of analgesia is often time consuming, and the length of
action of the drugs is limited.

Regional, infiltration or topical analgesia should be chosen on the
basis of the three fundamental principles which are helpful in selecting
other technics. In making the choice, it is well to remember that these
technics are often inconvenient to the surgeon, frequently are discom-
fiing to the patient and add little to the patient’s safety. Their use
is confined most practically to those situations in which the co-operation
of the patient is needed, the establishment and maintenance of the
airway by artificial means is difficult and unwieldy, the postoperative
nausea and emesis endanger the patient, the proposed surgery is minor
or the patient is morbund. These technics should not be forced on
patients except in the rare instances in which the safety of the patient
would othenwise be imperiled They have a valuable and useful func-
tion 1n anesthesiology, but there is a general tendency to overrate their
safety features.

There are certain fundamental requirements for consistently suc-
cessful regional, infiltration and topical analgesia which cannot be ig-
nored. The anesthesiologist must have a complete working knowledge
of the surgical anatomy of the area he intends to block. He must be
familiar with the properties of the agents used and be trained in the
recognition and treatment of untoward reactions to these drugs. He
must have a properly prepared and co-operative patient, and the sur-
geon must be aware of the necessity for gentleness in the surgical
manipulations.

REACTIONS TO LOCAL ANESTHETICS

There seems to be a popular, but erroneous, impression that reac-
tions to procaine and similar drugs are due to a sensitivity of the patient
and that the reactions are allergic in nature. It is safe to say that 99
per cent of these reactions are not anaphylactic or allergic in nature.
If they are, the reaction is characterized by the sudden onset of wheals,
edema, hypotension and other phenomena associated with this type
of reaction from any cause. If g patient gives a history which includes
symptoms and signs of this order, it is advisable to avoid the use of
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the offending drug or of one with a similar chemical structure. But if
2 patient gives a history of, or is observed in, a reaction of the types
outlined later, it is not necessary to avoid repetition of the drug. The
incidence of true allergic reactions to procaine or similar drugs is ex-
tremely low.

The usual reaction to procaine or similar drugs is due to the absorp-
tion of a sufficient amount of the drug into the blood stream to cause
symptoms and signs of tovicity in direct proportion to the blood level,
and the rapidity of its attainment. This is a fundamental principle
which, if kept in mind, will clarify the prophylaxis, recognition and
treatment of such reactions.

All of these anesthetic drugs are toxic, and their toxicity is increased
in a geometric ratio as the concentration of the drug increases. In other
words, a 2 per cent solution of procaine is not just twice as toxicasa 1
per cent solution, but about four times as toxic. Also, absorption of
these drugs is increased in areas in which the circulation is abundant.
Examples of such areas are the mouth and pharynx, the urethra
and the caudal canal. A good general rule for prophylaxis is to avoid,
whenever possible, the use of high concentrations of these drugs in areas
where absorption into the blood stream will be rapid.

An immediate reaction is due to accidental intravenous injection of
the analgesic solution or to absorption of a large quantity in a very
short time, The reaction appears within a few seconds after the injection
or topical application of the drug, and it is characterized by abrupt
and complete deterforation of circulation and respiration. The patient
may be dead within a minute or two.

Most reactions appear after five to fifteen minutes. If a reaction has
not developed within thirty minutes, it is not likely to develop at all.
The symptoms and signs appear with varying degrees of rapidity and
severity, depending on the rate of absorption and the quantity absorbed.

Some patients become uncomfortable and apprehensive: Otbhers be-
come euphoric and elated. This Iatter reaction occurs most frequently
after the application of cocaine. The physician should talk to the patient
during the induction of regional, infiltration or topical analgesia in
order that premonitory signs of a reaction may be detected.
tho ;\;\;;n Ilir::;s‘n;:::so ;n' o(:‘(:lxer Silg'mv de(\i-elop ez\:\)‘, one should check
as it was i)efnre l)he in'ectgi(;n c(}"{:\ o ﬂ ;]1 f;])pl'(l\lmal'ely the same rate
o ore the Ilf o 3 § it may co poor‘quahty and somewhat

4 2k pulse is poor in quality, the blood pressure

should be checked. It will be lower than normal if the reaction is
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progressing. Hypotension may become extreme. Associated with the
hypotension will be pallor, perspiration, clammy skin and syncope
Respiratory irregularities, twitching about the face and in the fingers,
and soon a full-blown generalized convulsion may appear. Respiratory
and circulatory failure follows the convulsions if they are not controlled.

The foregoing symptoms and signs comprise the complete reaction
Minor degrees of this major reaction may occur, depending on the
blood level of the drug.

Patients in whom only the mental changes develop require no
therapy. The injection or topical application of the drug should, of
course, be discontinued. One should, however, be alert to the progres-
sion of symptoms and signs and be ready to institute treatment if the
reaction becomes more severe.

The hypotension must be treated with a vasopressor drug. The
drug is given preferably intravenously to insure a prompt and effective
response. The vasopressor drug should be administered in repeatefl
doses (every three to five minutes) until satisfactory blood pressure is
obtained. In severe states of hypotension, massive total doses of vaso-
pressor drugs may be needed to restore and stabilize the blood pressure.
It is extremely important to clevate the pressure, because persisting
low tensions may cause enough tissue hypovia to produce permanent
damage.

Oxygen therapy should be given. This helps to minimize the d:mgef
of anoxia during the period of hypotension and respiratory irregularities.
A mask and bag are useful, particularly if assistance to pulmonary
ventilation is required. Endotracheal catheterization is beneficial in the
presence of severe reactions.

Twitchings and convulsions are controlled by the intravenous aq'
ministration of a soluble barbiturate, such as Pentothal® which is
usually readily available. Enough barbiturate must be given to stop
the convulsion; but this amount may stop respirations, in which case
artificial respiration can be carried out. It is mandatory that the con
vulsions be stopped.

CARDIAC ARREST; VENTRICULAR FIBRILLATION

Cardiac arrest and ventricular fibrillation are infrequent but im-
portant operating-room emergencies. They occur in healthy, good-risk
patients as well as in the debilitated, often when least expected, and
are fatal unless promptly recognized and vigorously treated. For these
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reasons, it is essential that the surgeon and the anesthesiologist be
keenly aware of the possibility of the development of cardiac arrest,
the need for avoiding those circumstances which may provoke it, the
signs by which it is recognized and the measures for immediately cor-
recting it.

Cardiac arrest may follow the severe bradycardia of asphyxia, or it
may result from the reflex effects of trauma to intrathoracie or intra-
abdominal structures. Adequate oxygenation and removal of COs, as
well as the avoidance of sudden increases or high concentrations of
anesthetic agents, are important factors in preventing cardiac disturb-
ances under anesthesia. The use of procaine in the mediastinum is
of some practical importance in preventing reflex cardiac standstill ar
ventricular fibrillation due to operative manipulations about the heart
and great vessels, the hilar structures and the esophagus.

Fortunately, ventricular fibrillation that requires special electrical
defibrillating equipment is relatively uncommon. It results, most typi-
cally, from direct injury to the heart or from the reflex effects of chest
wall trauma, or 1t is superimposed on pre-existing heart disease. Certain
anesthetic gases and drugs, notably cyclopropane and epinephrine,
potentiate the development of cardiac irregularities.

In treatment, time is of the essence, and success will be measured
in minutes and seconds. Irreversible brain damage results after approxi-
mately three minutes if there has been complete arrest of the cerebral
circulation. The urgent need in either cardiac emergency—arrest or
fibrillation—is ¢ manually sustained cardisc output and controlled
respiration The surgeon and anesthesiologist must be forearmed:

An orderly, sequential procedure for diagnosing and treating car-
diac arrest follows:

1. The diagnosis of a cardiac emergency requiring resuscitative
measures is based on the clinical evidence of sudden failure of pulse
and blood pressure. The absence of pulsation in the major vessels and/or
an ashen pallor is sufficient for the working diagnosis of cardiac arrest
or ventricular fibrillation, and no delay is allowable.

2, If lh‘e 'chest is not already open, an immediate left transverse
transthoracic incision {no special consideration is given for asepsis) to
the heart thl'()l.lgh the 4th or 5th intercostal space should be made.
The costal cartilages above and below are divided and the ribs spread
apart. There will be no bleeding.

. 3. T}Ee pericardiur.n should be opened at once and cardiac massage
i.e., cardiac compression, begun, compressing the heart rhythmically
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at about 40-80/minute, which will allow for adequate ventricular fillng,

4. Meanwhile the patient should have been placed in the head-
down posttion, in order to obtain the beneficial effect of gravity on
cercbral blood flow and venous return,

5. Positive-pressure artificial respiration with 100 per cent oxygen
is needed because of the open-chest conditions established by the
thoracotomy. Mouth-to-mouth insufflation may be used until suitable
equipment 1s available, should the emergency arise elsewhere than in
the operating room.

6. Forced and rapid intravenous infusion of whole blood or plasma
is indicated. Intra-arterial transfusion, using a femoral artery, or the
aorta if the chest is open, is a more direct but less often used approach
to the problem of perfusing the coronary and cerebral circulations.
Intermittent compression of the aorta distal to the left carotid is bene-
ficial in improving flow to these vital areas.

7. A 1 per cent procaine solution should be used in the pleural and
intrapericardial spaces to minimize reflex effects on the heart and to
reduce cardiac irritability fom direct injury due to cardiac compression.

8. A direct-writing electrocardiogram record should be obtained as
soon as possible. If ventricular fibrillation exists, defibrillation is essen-
tial. Successful resuscitation requires the application of an electric
current to arrest all activity before an effective beat can be resumed
spontaneously.

9. Direet mjection into the right atrium or into a peripheral vem
of cpinephrine solution is useful for increasing the strength of contrac-
tion of a failing heart which has only recently resumed a spontancots
beat. In the adult, 0.1-0.5 cc. of a 1:1,000 solution in 5 or 10 cc. of
1sotonie saline is used But use cautiously; it can cause fibrillation.
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CHAPTER 12

Postoperative
Complications

THE POSSIBILITIES for difficulty during the pt.iﬁ-
operative period are numerous. Some of the more common complica-
tions, according to their sites of origin, arc given in Table 15. In most
instances, however, recovery from properly planned and conducted

TABLE 15.—CoMMON CAUSES OF POSTOPERATIVE
MORBIITY AND MORTALITY

Pulmonary Complications d
1. Bronchitis, lobar or lobular atelectasis, massive collapse, pneumona an
pneumonitis
2. Aspiration pneumoma
1. Gastrointestinal Complications
1. Postanesthetic nausea and vomiting, acute gastric dilatation, gas pains,
postoperative ileus
2 Postoperative obstruction
3. Fecal impaction
Urinary Complications
1. Postoperative retention
2 Acute renal msufficiency
3 Unnary tract infection
1V. Cardiwovascular Complications
1. Hemorrhage and shock
2. Cardiac comphcations
Phlebothrombosis, pul. y emboltsm and th
V Wound-Healing Complications
1. Hemorrhage
2. Wound infection
3. Wound separation, superficial and deep {disruption)
Miscellaneous
1. Postoperattve hiccups
2 Postoperative parotitis
3 Peritonitis and intraperitoneal abscesses
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surgical treatment is relatively uneventful. Much depends on the
application of the principles of surgical care described in Chapter 10;
but despite the surgeon’s best efforts, complications may develop. Often
they are, in themselves, of minor consequence; but if allowed to persist
or progress, they assume major importance and jeopardize the patient's
recovery. It is necessary, therefore, that the student have a clear under-
standing of the pathogenesis of minor, as well as the major, postoperative
complications, the means by which they are recognized and the measures
by which they are averted or treated.

PULMONARY COMPLICATIONS

Pathophysiologically, most postoperative pulmonary complications
are related. Atelectasis is the most common and most important of
these conditions. The other complications in this group include bron-
chitis, massive collapse, and postoperative pneumonitis and pneumo-
nia. At one time they were referred to as “ether pneumonias,” but jt
has been shown that the anesthetic agent per se is not the responsible
cause.

The present concept of the pathogenesis of postoperative pulmonary
disorders emphasizes the role of obstructive phenomena. Obstruction to
the tracheobronchial tree by mucus secretions (“plugs”) leads to the
entrapment of air in the distal pulmonary tissue. The gases in the
obstructed segment are absorbed through the intact circulation, and
alveolar, segmental, lobar or complete pulmonary collapse results. The
secretions of the air passages usually harbor bacteria, which then
secondarily invade the collapsed area or areas, producing preumonitis.
On the basis of the pathog is of atelectasis, the implications for

P
therapy are clear: to minimize those conditions which favor the produc-
tion and retention of tracheobronchial mucus, to facilitate removal of
secretions by the patient and, if obstruction occurs, to evacuate the
mucus and re-expand the collapsed areas of ]ung.

The factors which favor development of atelectasis and other lung
complications in the postoperative period are: reduced or impaired
\Exﬁ}ation; ineffective cogghing _or depression ofEe cough reflex by :
wound pain, narcotics, etc.; infrequent changes in position durin th‘e =
postoperative period; and pre-existing respiratory infections. &~ ¢ ’

Diaphragmatic movement normally accounts for more than half of *
the pulmonary ventilation. This is reduced, after abdominal operati
by voluntary and reflex spasm due to wound pain and irﬁtaﬁol;)l Ce::::
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1. Pulmonary Complications .,
1. Bronchutis, lobar or lobular atelectasis, massive collapse, pneumonia and
pneumonitis
2. Aspiration pneumonia
. Gastrointestinal Complications
1. Post: } nausea and ing, acute gastric dilatation, gas pains,
postaperative ileus
2 Postaperative obstruction
3. Fecal impaction
Urinary Complications
1 Postoperative retention
2 Acute renal msufficiency
3 Urnary tract mfection
1V Cardiovascular Complications
1 Hemorrhage and shock
2 Cardiac complications
3 Phlebothrombosss, pul bolism and thrombophlebitis
V Wound-Healing Complications
1 Hemorrhage
2. Wound infection
3 Wound separation, superfictal and deep (disruption)
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1. Postoperative hiccups
2 Postoperative parotitis
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diagnosis of postoperative atelectasis is warranted 'if a sudden unex-
pected elevation in the temperature, pulse and respiration oceurs. The
temperature may spike to 104° F. or higher, and there will be a con-
comitant elevation in the pulse and respiratory rates. The severity of
these signs may suggest the magnitude of the pulmonary inval\_’ement.
Usually there is a productive cough, with expectoration of thick and
tenacious sputum which is never blood tinged. The presence of tracheo-

F16. 52, —Massivi \} y collapse {atel i it dary intra-
thoracic shifts. Note the mucus plug obstructing the left mainstem bronchus and
the airless left hung. The mediastinum has shifted to the left; the trachea, great ves-
sels and heart have moved to the left; the left leaf of the diaphragm is elevated and
the left hemithorax 1s retracted. The right hemithorax is relatively overecpanded.

bronchial phlegm is often apparent if one simply listens to the patient’s
breathing. Dyspnea and cyanosis are prominent when massive col-
lapse has occurred.

The physical signs will depend on the extent of the collapse of the
pulmonary tissue. The signs of extensive collapse (Fig. 52) are:

. 1. There is decreased or absent chest expansion on the affected

sige.

2. There is displacement of the point of maximum impulse of the
heart (mediastinum) toward the involved side, unless the atelectatic
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ally, the nearer the operative site is to the diaphmgm, the greater will be
the decrease in ventilation and the higher the incidence of pulmonary
complications. The incidence of atelectasis is thercfore particularly
high after operations on the stomach, biliary tract, pancreas and spleen.
It 1s said that men are predominantly abdominal breathers, while women
are thoracic breathers. This may account for the greater frequency of
these complications in the male.

The depressant influence of wound pain on cough and depth of
respiration can be observed immediately after abdominal and thoracic
operations. The patient is usually unable to inspire normal volumes of
air and cannot cxpire forcefully. The commonly used analgesic drugs
also decrease the effectiveness of these defenses. The belladonna de-
nivatives tend to dry up secretions and hence increase their viscosity
and tenaciousness. These drugs arc valuable in the preoperative period
but contraindicated in the postoperative period. Tight abdominal dress-
ings or binders and abdominal distention often further impair the
effectiveness of coughing and deep breathing,

Pulmonary complications commonly follow operations undertaken
in the presence of respiratory mfections. The combination of inflamma-
tion, mncreased sccretions and pathogenic bacteria provides an x'deu:d
setup for the development of atelectasis and pneumonitis, For t.hls
reason, it is advisable to defer elective opcrations on patients suffe.rlﬂg
from acute or chronic respiratory infections until complete or maximal
recovery has been attamed. If postponcment is impossible, then all
measures necessary to protect against the development of pulmonary
complications should be used.

Postoperative bronchitis, if unrecognized and untreated, may Jead
to atelectasis and pneumonitis, It is characterized by excessive mucs
in the respiratory passages, a persistent productive cough, a low-grade
fever and such physical signs as rhonchi (“rattle”) coarse rles an
dimmished ventilation. 3

Postoperative pneumonitis (pneumonia) is likely to be superim
posed on persistent bronchial obstruction and atelectasis and is pro*
duced by bactenal invasion of the collapsed lung. The involvement
may be localized or diffuse.

POSTOPERATIVE ATELECTASIS

The danger peniod 1s the first forty-eight hours after opcmtu_m,
during which time the clinician must “think atelectasis.” A presumptive
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general supportive measures should be instituted. The technic of
endotracheal aspiration is described in Chapter 31, on Chest Injuries.

GASTROINTESTINAL COMPLICATIONS

The common and related postoperative conditions which are evi-
dence of disturbed gastrointestinal function are: (1) postanesthetic
nausea and vomiting, (2) acute gastric dilatation, (3) gas pains and
(4) postoperative inhibition ( paralytic) ileus.

Physiologic disturbances of intestinal motility occur regularly after
operation and injury and represent a normal reaction to stress. When
they persist or become aggravated, they are clinically significant and
require treatment. The many local and general factors influencing the
development of gastrointestinal dysfunction are not detailed here. Suf-
fice it to say that basically the neuroendocrine control mechanisms
mediate these responses. (See Chapter 3, on The Systemic Response to
Injury.)

Gastrointestinal dysfunction is most likely to be associated with % /
purgation of the l}owel before operation, oversedation and prolonged ' 2
mlggbesia, trauma to the bowel; pentoneal irritation from any cause; |~
shock, dehydration and electrolyte imbalance; and malnutrition with
hypoproteinemia and hypovitaminosis. !

Because severe functional obstructions tend to be self-perpetuating
and progressive, the need for prevention and early treatment should be
apparent. This in tum depends on constant watchfulness during the
postoperative period, periodic auscultation of the abdomen, early re-
course to the scout film of the abdomen and a willingness to start active
treatment early.

If unrelieved, functional or organic intestinal obstructions may
result in irreversible changes. The distention vicious cycle is initiated
and sustained, reflexly at first, then perpetuated by the effects of
mechanical stresses: distention, distention-necrosis, bowel perforation
and peritonitis. Free or fixed kinks from intestinal distention may cause
closed-loop intestinal obstruction. If there is intraperitoneal inflamma-

tion, distention favors the development of serosal agglutination, adhe-
sions and mechanical blockade. ’

SYMPTOMS AND SIGNS

The warming signs of gastrointestinal com

r plications after operatio
are: (1) persistent nausea and vomiting, iy

(2) abdominal distention,
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process 1s bilateral or the mediastinum is fixed by previous inflamma-
tory changes.

3. There may be hyperresonance to percussion and diminished to
absent breath tones before collapse occurs. Later, with consobdation,
there is percussion dulness, tubular or amphoric breathing and riles.

4. The x-ray changes consist of increased density of the collapsed
pulmonary tissue, mediastinal shift toward the affected side and eleva-
tion of the diaphragm with narrowing of the intercostal spaces on the
involved side.

Prevention

Elective operations on patients suffering from acute upper respira-
tory infections should be deferred until recovery has occurred. Patients
with chronic pulmonary disease should be treated with postural drain-
age, bronchoscopy, antibiotic drugs, locally {aerosol) and/or system:
1cally until maximal improvement has been achieved.

The stomach must be empty before operation, in order to decrease
the danger of vomiting and aspiration. Prolonged deep-plane anesthesia
and postoperative depression must be avoided. The injudicious use of
narcotics favors the development of pulmonary complications. Trans-
verse abdominal incisions appear to cause lesser degrees of ventilatory
impairment than vertical incisions. Tight binders and tight dressings
applied to the abdomen and chest predispose the lungs to troub‘t?
During the immediate postoperative period, frequent changes of p?s"
tion, voluntary or induced (carbon dioxide-oxygen) deep brcat%ll‘“g
and coughing, and early ambulation are important. The shock posftlo“
favors drainage of the tracheobronchial mucus. If the mucus is tenaciots,
steam inhalations and mucolytic agents are helpful. Ammonium chloride
06-09 Gm every four hours orally, or sodium jodide 1.0 Gm. three
times a day, added to the intravenous solutions, may be used. Ambll}“'
tion is most important The upright position aids ventilation and jn-
creases the effectiveness of cough.

TREATMENT OF POSTOPERATIVE ATELECTASIS

The prophylactic measures described above may be effective I
clearing out retained secretions and restoring air to the co]lapsed air
sacs. Supplementary measures include: vigorous fist percussion to the
affected area of the chest, endotracheal aspiration, and b_{gnclloscoplc
aspiration if indicated. In addition, antibiotics, oxygen therapy and
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regress. It may be described as a disorganization and impairment of
the motor function of the gastrointestinal tract, which sometimes results
in complete cessation of motor activity of the bowel and functional
obstruction,

The signs are: a silent abdomen (to auscultation); evidence of
scattered gas, both in the small and large bowel on the abdominal scout

Fic. 53 —Plain (scout) film of the abdomen i advanced paralytic ileus sec-
ondary to pentonitis from a ruptured appendix. Note the excessive distentton of
many loops of bowel, from gas. On the patient’s right side, the cecum, the ascendin;
colon and a portion of the transverse colon are eastly made out. In th’e midabdomeﬁ
there are distended loops of small intestine. A nasogastric tube is in the stomach,

film (Fig. 53); a notable absence of_¢cramping abdominal pain; disten-
tion of the abdomen; and passage of little or no—gas or fecal ;naterial
by rectum

The principal aims of treatment are to sustain or restore normal
metabolism and to relieve intestinal distention If either obiective is
realized, it will favorably nfluence the other. The measures cl)mmonl
used for correcting postoperative ileus are: (a) suction-decom ressioi
of the gastrointestinal tract with the short or loﬁg intestinal tuI;)e and
nothing by mouth; and (1) drug therapy. Prostigmin® (neostigm,ine),
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(3) abdominal pain (“gas” pains), (4) auscultatory evidence (silent
abdomen) and (5) x-ray evidence of obstruction.

Vonrtring.—Vomiting in the immediate postoperative period is gen-
crally of short duration. Continuous nasogastric suction becomes neces-
sary 1f the vomiting is persistent. If it does not respond quickly to this
therapy, other conditions must be considered: vomiting from metabolic
imbalances (fluid, salt, acid base, uremia, cte. ), vomiting from peritonitis_
or obstruction and vomiting from central nervous system disturbances
(e.g., cerebrovascular accidents ).

Acute Gastnic DiLatarion.~Acute gastric dilatation may be a part
of the reflex inhibition of the gastrointestinal tract. Mechanical occlusion
of the third part of the duodenum may result from dircet pressure of the
dilated stomach or by arterial mesenteric compression where the supe-
rior mesenteric artery crosses over the duodenum, The stomach is soon
distended with accumulated secretions and swallowed air.

Symptoms usually appear within the first forty-cight hours. There
is persistent belching, hiccups and retching. The patient may complain
of epigastric fulness.

Vomiting 1s of the “overflow” type; that is, the stomach is never
emptied completely. Characteristically, the patient will vor{n't small
amounts of foul-smelling, greenish or black fluid at frequent intervals
Bile, changed blood and residual food account for the appearance of
the vomitus The danger of aspiration is great, Acute dilatation of the
stomach may be responsible for otherwise unexplained shock, and even
death.

The abdomen is distended and tympanitic, especially over.ﬂJ‘C
epigastrium. A succussion splash may be elicited. The diagnosis 1§
established by gastric intubation and aspiration.

The preventive treatment consists of early mobilization, use of naso- _
gastric suction until there is evidence of return of gastrointestinal fl‘lﬂf-"
tion, and avoidance of excessive oral intake. Attention must be given
to the correction of flid and electrolyte deficits.

Gas Paivs.—A lack of co-ordinated activity between the scgments
of the bowel is a fundamental factor in the production of gas pains. The
condition may appear with the resumption of motor activity after the
period of physiologic fleus. Gas in the large bowel, whuch is often re-
sponsible for abdominal distress, may sometimes be relieved by the
use of a rectal tube or rectal irrigations.

PosTOPERATIVE Inmsrtion Irevs —This is a poorly defined entity
said to exist when milder degrees of gastrointestinal dysfunction fail to
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THROMBOEMBOLIC PHENOMENA

The term “thromboembolic phenomena” is applied to conditions
characterized by venous thrombosis and secondary involvement of
the lung by ‘embolism,-Although not necessarily confined to the post-
operative period, these conditions accur at this time with great regu-
larity and contribute significantly to the morbidity and mortality of
operative treatment. Venous_thromboses often develop in the veins of
the lower extremities, where they frequently lead to permanent dis-
turbances in the circulation. When a large thrombus becomes an
embolus and lodges in the pulmonary artery, it produces serious, and
even fatal, alterations in cardiorespiratory function.

Phlebothrombosis (“quiet venous thrombosis”) occurs predomi-
nantly in the deep veins of the calf muscles, the veins of the plantar
muscles of the foot and pelvic veins, where a noninflammatory loosely
attached thrombus is produced. The thrombus often propagates cen-
trally into larger femoral and iliac veins. Segments of the clot may be-
come detached and carried free in the blood stream to the lungs.

Thrombaphlebitis may occur in any vein, but the veins of the
extremities are most often involved. The clotting process is usually
mitiated by trauma, infection or chemical irritation (e.g., prolonged
infusion of a hypertonic solution). A local inflammatory reaction
is produced and thrombosis follows. Perivenous inflammation results
m vasospasm, edema, pain and tenderness. The clot usually is anchored
to the vein wall and shows little tendency to become detached. The
local changes in the leg from interference to the circulation are often
of more concern to the physician than the danger of emholism. But
pulmonary embohism can also oceur in thrombophlebitis.

Et10L0GY 0F THROMBOEMBOLIC PHENOMENA

The changes which lead to thromhophlebitis are organic in nature
and inflammatory in origin; those which lead to phlebothrombgsis
are probably functional in character. The changes are incompletel
understood, but they comprise all alterations which may initiate clot)-,
ting. They include:

1. Blood changes after operation: increase in platelets

of platelets, alterations in ﬁbrinogen, increa y
Teukocytosis, acceleration of the clotting
hydration, plasma loss, etc,

sed blood viscosity,
mechanism from de-

“stickiness” |
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05 mg. every four hours, has been recommended as a prophylactic
measure after operation. In certain situations, if judiciously used, it
may be indicated as a therapeutic adjunct, but it probably has limited
value.

FUNDAMENTALS OF GENERAL SURGERY

Other practical measures consist of the use of colon irrigation, some-
times in conjunction with Prostigmin.® The rectal tube alone will often
provide a vent through a spastic anal sphincter arca and give relief.

Seldom used measures include: splanchnic anesthesia, intravenous

TABLE 18.—D1: renENTIAL DiAGNosIs oF PosTopERATIVE ILEUS
AND POSTOPERATIVE OBSTRUCTION

Surgteal history

Abdonunal pain

Nausea and vomiting
Abdominal distention
Fever

Auscultation

Scout Alm

PosToPERATIVE TLECS

Usually develops within
seventy-two hours of
operation

Slight or absent

Present
Present
Frequent, because the

ileus is often associ-
ated with peritonitis

Silent abdomen

Diffuse scattered loops
of distended bowel
{usually small and
large bowel )}

PosToPERATIS E OBSTRLCTION
Operation may have preceded
onset by months or years

Frequent, cramping, and may
be severe

Tresent

Present

None or slight, unless com-
phieated

Noisy gbdomen: audible bor-
borygmi, peristaltic rushes
and high-pitched tinkles

Single or multiple Jocaltzed
loops of distended bowel
(usually small bowel)

hypertonic saline solution, enterostomy drainage, diffusion-decompres:
sion by inhalation of 100 per cent oxygen and the local application of
ice bags

Postorenaive Osstrucrion.—The early differentiation of functional
obstructions from mechanical obstructions is essential, for proper ther-
apy is dependent upon it. Functional obstructions require nonoperative
treatment; whercas established organic obstructions require Opefaﬁ"’e
relief. In the postoperative period, edema, fixation, angulation or in-
flammatory exudate may lead to mechanical obstruction, partial or
complete Often when relief of bowel distention has been nccomplished’
continwity and function are re-established. The salient pomnts in the
differential diagnosis of these conditions are listed in Table 16.
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include: the maintenance of blood volume and water and electrolyte
balance; the treatment of local foci of infection before operation;
avoidance of hypotension; .leg exercises after operation; shock po-
sition if there is postoperative depression; avoidance of restricting ab-
dominal or thoracic binders; prevention of increased intra-abdominal
pressure; the use of supportive bandages to the lower extremities; and

e s
: 41/77’/”’

—

. F16. 54.—Signs of phlekothrombosis of the calf muscle veins. A, Homans” sign,
pain in the calf on dorsiflevion of the foot with the leg in extension. B, tenderness of
t};ethcalf muscles on compression C, slight swelling about the ankle and prominence
of the veins.

early ambulation, Prophylactic anticoagulant therapy may be indicated
if the patient gives a history of previous thrombosis.

ACTIVE TREATMENT

THROMBOPHLERITIS.~The patient should be kept at bed rest with
the extremities elevated. External heat, usually in the form of warm
wet packs will give relief from pain and will hasten resolution of the
inflammation. Antibiotic therapy should be instituted if there is reason
to believe infection is present. Paravertebral procaine block of the
lumbar sympathetic chain relieves pain, releases vasospasm and im-

proves circulation to the part. Anticoagulant drugs are ; N
the clotting process. part. A g g useful in halting

|
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2. Factors which favor circulatory retardation: immobility, hypo-

pnea from wound pain, shock or sustained hypotension, abdom-
inal distention, tight abdominal binders, Fowler’s position, etc.

3 Injury to the vein wall. There is reason to believe that certain
physicochemical alterations in the intima may lead to sponta-
neous clot formation. The exact nature of these changes is un-
known, but they appear to be concerned with the endothelial
cell membrane and/or the intercellular cement substance.

CrinicAL PICTURE

TuroxmopnLemms,—The clinical manifestations of thrombophle-
bitis are the result of inflammation and vasospasm. There are fever,
tachycardia and other evidences of a systemic reaction. The area of
redness, increased heat and tenderness may be confined to a visible
superficial vein. Edema and other evidences of circulatory impairment
result from mechanical and functional interference with blood and
lymphatic flow. Vasospasm may be severe and may involve both
arteries and veins. The clotting process may extend into other super-
ficial vemns or nto deep veins. The mvolved veins are often cordlike.

PuLesoriroMnosis,—This is usually a dangerously silent process
The signs and symptoms which indicate the presence of phlebo-
thrombosis (Fig. 54) are: pain mn the calf muscle; slight edema of.thc
pretibial area, tenderness of the calf muscle on gentle compression;
pain in the calf on dorsiflexion of the foot with the Jeg extended (Ho-
mans’ sign), increased prominence of the supcrﬁcial veins of the
foot and lower leg, and persistent slight elevation in body temperature
and pulse, in the absence of other findings, beyond the first three or
four days after operation. Often the process is silent. The patient n.li‘y
have no pam in the leg, and there may be no significant ph)’sl‘r‘ﬂ1
signs. Under these conditions, phlebothrombosis may be missed unless
the physician is acutely aware of 1ts insidiousness and makes repe.al'f?d
careful exammations, Sometimes the diagnosis is made on suspicion
alone or after an episode of pulmonary embolism.

PREVENTION

The prevention of E}lromboembolic accidents is a therﬂpef'ﬁc
ideal. This 1s approached by the institution of a number of precaution-
ary measures, before, during and after operation. These measures
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leg (either thrombophlebitis or phlcbothrombosis) is the “postphle-
bitic syndrome.” This disabling condition is characterized by chronic
swelling, pigmentation, varicosities, eczema and ulceration of the ex-
tremity. (See Chapter 28, on Peripheral Vascular Diseases. )

PuLaroNany Ensorisa.—Most pulmonary emboli arise from venous
thrombi of the lower extremities (Fig. 55) and pelvis. In more than
half the cases there is no apparent reason for release of the clot; in
other cases, slight physical exertion (e.g., sitting up in bed, straining
on a bedpan, getting out of bed and walking) appears to precipitate
embolism. The number and particle size of the clots which reach the
pulmonary bed are related directly to the clinical manifestations. A
single small embolus may cause no significant signs. A shower of small
emboli may mimic heart disease or pleurisy. A large embolus produces
asphyxial symptoms with sudden agonizing chest pain, dyspnea,
cyanosis, shock and death.

Infarction of the lung follows massive embolism or develops from
progressive thrombosis of the pulmonary veins after embolic occlusion.
It does not always occur after embolism; therefore, failure to demon-
strate an area of pulmonary infarction by x-ray does not rule out
previous embolic episodes.

In pulmonary infarction there is cough and hemoptysis, pleuritic
type pain, x-ray evidence of a wedge-shaped infarct and sometimes
delayed jaundice from red cell breakdown, if the patient survives.
Death from pulmonary embolism results from shock, asphyxia, acute
cor pulmonale, impaired venous return to the left side of the heart,
widespread visceral reflex effects or a combination of these. Not uncom-
monly, the diagnosis of pulmonary embolism is missed until necropsy.

Treatment of Pulmonary Embolism.—~Generally, there is time for ' _
treatment. Although the mortality from massive embolism is high,
60 per cent of the fatal cases survive beyond one hour after onset of
symptoms. Emergency treatment includes:

. Absolute bed rest.
Oxygen therapy.
Ant\icong\.ﬂant& Heparin should be given immediately to prevent
propagation of the clot.
4. Drugs:

(a) Morphine, 0.008-0.016 Gm.

(b) Atropine, 0.0008-0.001 Gm.

(c) Papaverine, 003 Gm.

These dmgs should be given intmvenously. Atropine and

—

2
3.
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PuresoTiroMBosis.~Bed rest, elevation of the legs, anticoagulant
drugs and, occasionally, sympathetic blockade are indicated. Ligation
of the superficial femoral vein (or vena cava) should be considered
when a waming episode of pulmonary embolism has occurred, or
when, in the clinician’s judgment, the condition cannot safely be

Femoral v.-——-l——l

Propagating
thrombus

Popliteal vv

Veins of the
greot muscles

Posterior
hibial v

Peroneal v

Fic. 55.—The deep veins of the leg are the usual pnmary site of quiet ‘em’:i“
thrombosis (phlebothrombasis). Note the unattached noninflammatory clot estenc
g into the superficial femoral vein Propagation of the clot into the iliac wemf} or
the vena cava can occur. The danger of pnlmonary embolism 15 great. (After
Homans )

controlled by anticoagulant therapy. The exact place of venous h‘gall’(’"
and anticoagulant drugs i the treatment of phlebothrombosis has
not been clearly established. Neither venous ligation nor anticoagulant
therapy will protect completely against pulmonary embolism. Because
phlebothrombosis 1n one leg is often followed by its appearance in fhe
opposite leg, simultaneous bilateral superficial femoral vein ligation
is usually advisable.

The most serious late complication of venous thrombosis of the
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or should spontaneous hemorrhage occur, measures for reversing this
tendency must be instituted.

URINARY COMPLICATIONS

Postoperatively, the most frequent urinary tract complications are:
acute urinary retention, acute renal failure and infection.

URINARY RETENTION

Temporary inability to empty the bladder often occurs after
abdominal, pelvic, perineal and urinary tract operations. It occurs
chiefly in adults and most often in males. If uncomplicated, it is a
distressing but not 2 serious problem.

Many factors contribute to urinary retention. There may be atony
of the detrusor muscle and spasm of the external sphincter muscle.
There is often decreased sensitivity of the bladder reflex from drugs,
anesthesia, manipu]ation and pre-existing urinary obstruction. Because
of the loss of bladder sensitivity to the distention which normally ini-
tiates the reflex, spontaneous emptying may be impossible. Stagnation
of urine favors the development of infection. Therefore, to prevent
mfection, overdistention of the bladder and retention of urine must
be prevented.

The following factors may contribute to postoperative urinary
retention: (1) the patient may be nervous and self-conscious; (2)
voiding may normally be difficult in the horizontal position; (3) pain
in the operative wound may prevent straining; (4) the bladder reflexes
may be temporarily impaired by morphine, atropine and scopolamine;
(8) the lumbar and sacral nerves may have been damaged by
operative trauma (e.g., abdominoperineal resection); and (6) there
may be organic disease of the urinary tract or spinal cord.

SyMPTOMS AND SiGNs.—The patient may desire to void but cannot
do so. He sometimes passes small amounts of urine but does not
completely empty the bladder. There may be suprapubic pain and a
feeling of “pressure.” A visible or palpable suprapubic mass may be
observed  Unexplained restlessness is often the result of bladder
distention.
sometmes helgia 10 e i pasent pmen prrecl vy, it i
lying in bed. If urinary retenI:ion is I:o b::eepassmg the u'r e wlzlle

wpected, an indwelling
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papaverine arc indicated for their effects on autonomic and
smooth muscle function, respectively. Aminophylline may also
be helpful.

Anticoagulant Therapy.—~Heparin produces a rapid and relatively
easily controlled reduction in the clotting time. It must be given
intravenously or subcutancously. It is generally cffective for three of
four hours, and its action can be stopped with protamine sulfate
(salmmne sulfate). Heparin is given intravenously in doses of 50-100
mg. every four hours. If desired, it may be added to a continuous intra-
venous drip of glucose or saline. Ideally, the venous clotting time
(Lee and White) should be determined at four hour intervals in order
that the clotting time be maintained at fifteen minutes or longer. It
is often sufficient to determine the clotting time once a day and to
regulate the dosage accordingly. The heparin regimen may be main-
tained, or dicumarol may be added according to the preference of
the physician. When the dicumarol effect becomes apparent (de-
creased prothrombin) in about forty-cight hours, the heparin may be
discontinued.

Dicumarol is a hepatotoxic agent which interferes with the pro-
duction of prothrombin. When used, the dosage must be carefully con-
trolled with daily prothrombin determinations. Strict individualization
of dosage is necessary. The hazards to the use of dicumarol .periﬂl“
to difficulties in maintaining an optimal depressed prothrombin level
without producing hemorrhage. The action of dicumarol can be
counteracted by the administration of large doses of vitamin Ki, of
K, oxide, and transfusion of fresh whole blood.

Dicumaro! should be administered orally, the initial dose for the
adult usually bemg 300 mg. The prothrombin level should be deter-
mined before the drug 15 given and daily thereafter. The second day,
about 200 mg, should be given, and by the third day there will gen-
erally be a decrease in the prothrombin level. Depending on this
response, the amount of dicumarol given thereafter will range f_fom
0 to 150 mg. daily. The level of prothrombin to be maintained is 1n
the range of about 2040 per cent of normal. After the signs ﬂf‘d
symptoms of thromboembolism have cleared, it is advisable to main-
tain dicumarol therapy until after ambulation has been instituted. In
some instances when dicumarol has been discontinued too earlys
venous thrombosis has recurred. :

Needless to say, the patient must be protected from injury while
the clotting tendency is depressed. Should operation become necessary
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Normal renal function depends on (1) the total volume of the
circulating blood; (2) the mate and qu:mtity of the blood passing
through the kidney; (3) the hydrostatic and colloid osmotic pressure
of the blood; (4) intrarenal, luminal and capsular pressures; and
(5) the morphologic status of the glomeruli and tubules. The kidney
contains two million or more nephrons, each of which is a functional
unit consisting of a glomerulus and tubule. The glomerulus serves
as an ultrafilter, and the tubule is designed for selective reabsorption,
secretion or excretion, and synthesis and detoxification, depending on
the demands of the body and the status of the intemal environment.

Commonly there is more than one mechanism operating to pro-
duce anuria. The term “lower nephron nephrosis” was formerly used
o denote anuria associated with certain microscopic changes largely
Tocalized in the distal convoluted tubules and the ascending limb of
Henle’s Ioop,

During the “blitz” in England (World War 11) it was observed that
extensive tissue damage resulting from prolonged impingement by
falling timbers and masonry led to shock, hypotension, anuria, uremia
and death (crush syndrome). At autopsy, focal degeneration and
necrosis of the lower nephrons was observed. Other studies suggested
that the degradation products of hemoglobin and myoglobin, in as-
sociation with shock and alterations in blood and other body fluids,
acted in combination to produce renal ischemia and anuria. The
possibility that cortical ischemia resulted from reflex diversion of
blood away from the cortex (glomeruli) to the medullary areas
through normally little-used arteriovenous shunts was suggested by*
Trueta. Such a mechanism has been demonstrated in animals, but
there is no certainty that it operates to produce acute renal insuffi-
clency n man.

‘While the predominant histologic changes occur in the tubular
cells, degenerative changes are wsually widespread and involve all
segments of the nephron. These changes are reversible, provided the
patient survives. Tubular regeneration is generally observed within a
few days and may be complete in ten days to two weeks.

.Acule renal insufficiency may occur from prolonged shock, trans-
fusion reaction (incompatible blood), extensive burning, crush in-
jury, severe dehydration and electrolyte depletion, acute abdominal
catastrophe, sulfonamide reaction and mechanical occlusion of both

ureters. .There is sudden onset of oliguria or anuria, Retention of
metabolic waste products oceurs, and symptoms of uremia soon
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catheter should be introduced before operation. Postoperatively, the
head rest of the bed may be clevated and the patient left alone; or
if the patient’s condition permits, he should be allowed to stand.
Measures which are occasionally effective are: the sound of water
running from a faucet in the room; the application of a hot-water
bottle or a warm wet towel to the suprapubic area; a small wam
enema.

Cholinomimetic drugs are not very effective. Prostigmin,® Doryl®
and Urecholine® are a few of the drugs that have been used. Often
they produce undesirable reactions, such as abdominal cramps,
headache, flushing, hypotension or asthmatic attacks in susceptible
subjects. They should not be given to patients with asthma, hyper-
thyroidism, bladder neck obstruction, intestinal obstruction or recent
gastrointestinal resection. The action of these drugs can be counter-
acted by the administration of atropine.

When simple measures prove ineffective and the bladder has
not been emptied for six or cight hours, the patient should be cathe-
terized. A sterile catheter (usually No. 10 to No. 14 French) is intro-
duced under aseptic conditions. Repeated catheterizations may be
required. In the adult the bladder is overdistended if it contains more
than 500 ml. If prompt return of bladder function does not fol]m'v
catheterization, a retention catheter should be used untl function 1
re-established. This may be determined by measuring the residflal
urine in the bladder The amount of urine recovered by catheterization
after the patient has voided represents the residual urine. If it exceeds
150-200 ml., the mdwelling catheter should be replaced or intermittent
catheterization instituted. Broad-spectrum antibiotics or sulfonﬂml'd'es
are given to minimize the possibility of urinary tract infection while
the indwelling catheter is used. Bladder irrigations may also be
indicated.

AcuTe RENAL INSUFFICIENCY

Normally, a mmimal urinary output of 500 cc. is required for the
excretion of metabolites Lesser amounts (oliguria) or cessation of
urinary excretion (anuria) results in uremia and disturbed fluid and
electrolyte metabolism Although superficially the function of the kid-
neys is to form urine, fundamentally it is to determine the composition
of the blood (Smith). In order for the kidneys to function normally
certain major physiologic conditions must be fulfilled,
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3. Salt-losing diuresis leads to severe water and salt depletion
unless volume-for-volume replacement is carried out. As much as
5-10 liters of fuid may be required each twenty-four hours. The
diuresis usually ceases in a few days.

1f it appears unltkely that conservative measures alone will main-
tain the patient through the anuric phase, other measures must be
considered: (1) interruption of the renal sympathetic nerve supply
by splanchnic block or a decapsulation of the kidneys to effect a re-
duction in intrarenal pressure (these measures are rarely successful)
or (2) the provision of a substitute for renal function (e.g., artificial
kidney)

The artificial kidney is an external dialyzing device for clearing
diffusible substances from the plasma. Heparinized blood from the
patient is led through cellophane tubes immersed in a solution con-
taining the preferred amounts of essential diffusible constituents of
the plasma. The undesirable diffusible substances in the plasma are
transferred through the membrane to the outside bath, and the blood
1s returned to the patient. Remarkable results have been reported
with the artificial kidney, but its use is limited by its complexity and
expense Internal dialysis is achieved by irrigating the peritoneal
surfaces or the mucosal surfaces with a sclution similar to that used
m the artificial kidney. Metabolites such as urea and potassium diffuse
into the irrigating solution and are removed. Large volumes of irrigat-
ing fluid are required. The hazard of pesitonitis and the rapid deposi-
tion of fibrin on the peritoneal surfaces are drawbacks to use of
peritoneal lavage

Perfusion of the small bowe! or the stomach with specially pre-
pared solutions through double-lumened tubes is a simpler and safer,
but a less effective, method of dialysis.

Acutk UriNvary INFECTION

Postoperative urethritis, cystitis and pyelitis may develop from
trauma, urinary retention, overdistention of the bladder and repeated
catheterizations, Infection may be due to E. coli, Aerobacter aerogenes,

staphylococci, streptococei or a combination of organisms. Examina-
tion of the urine will reveal pus cells, many bacteria and occasionall
red blood cells. : 7

Trearsext.~The prophylactic and active measures for the treat-
ment of acute urinary infection follow:
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develop, There is slight rise in the blood pressure. Signs of heart
farlure appear if the circulation is overloaded or if previous heart
damage eusts. Edema and acid-base imbalances can be anticipated.

The duration of the anuria varies from three to ten days or more
and depends on the severity of the renal lesion. During this period
there is absorption of all or most of the glomerular filtrate through
the damaged tubular membrane. The rise in urinary output on recovery
coincides with re-epithelization and replacement of the tubular mem-
brane. After tubular function has been restored, the daily urine output
increases until shortly a striking diuresis appears.

TreatseNT.~Modern therapy s based on the concept that the
damaged kidneys require time for cellular regeneration and functional
restitution. Death results from an overwhelming irreversible renal
insult or mismanagement during either the phase of anuria or the
phase of diresis. Every cffort must be made to determine the cause
of the anuria, If it is due to prerenal causes (hypotension, dehydration,
etc.), these imbalances must be treated. If it is due to postrenal
obstruction (e.g., ligation of the ureters), this must be relieved.

The major cause of the high mortality has been the infliction (.>f
a water-salt overload from too intensive parenteral fluid thernp); in
an effort to cncourage kidney function and “wash out the tons 1
the mechanisms which lead to anuria are considered, the fn,llacy of
this reasoning is apparent. The familiar dictum to “force fluids” ]1}:!5 no
place in the treatment of the anuric phase of acute renal msufficiency.

Management can be considered in three phases:

1. Reaction shock lasts a variable period of time—a few hours to
several days. The immediate restoration of blood volume and bloofl
pressure by transfusion of accurately cross-matched whole b]oot.i is
essential. Plasma, plasma-expanders and other parentcml so]uhol}s
may be required Intravenous procaine, pamvcrtebm] sympathc.llc
block and chemical sympathetic blocking agents have been used with
limited success Diuretics must not be given. I

2 During the critical anuric phase (about seven to ten d:\ys), al
fluids lost from the body should be replaced, but no excess can b?
given. The aim 1s to maintain volume, tonucity, composih’on and pH 0
the body flwmds as nearly normal as possible. Generally, 1t is better 10
keep the patient on “the dry side” rather than run the risk of over-
hydration and edema. If there are no extrarenal losses, only water for
metabolic needs is supplied. The oral route, if available, should be
used.
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remedy); or (6) procaine block or surgical crushing of the involved
phrenic nerve. The latter induces temporary paralysis of the affected
hemidiaphragm, which is determined preoperatively by fluoroscopy.
When both leaves of the diaphragm are involved, bilateral phrenic
crush may be necessary.

AcuTe ParoTris

Acute parotitis is an infrequent but serious postoperative compli-\
cation usually encountered in very ill patients. There is a painful,
localized swelling at the angle of the jaw associated with systemic signs
of infection. The patient usually has poor oral hygiene and dental
caries. Dehydration, malnutrition and poor oral intake after extensive

abdominal operations for cancer appear to predispose to postoperative |

parotitis. Pyogenic organisms extend into the parotid gland by way of
Stensen’s duct, or are carried to it through lymphatic or vascular
routes. Suppuration and destruction of the gland often follows. Acute
parotitis generally occurs in the first postoperative week, and may
be fatal in an already very ill patient. Bilateral involvement occurs in
some cases.

Prophylactic measures should be started preoperatively and
continued postoperatively, The mouth should be kept clean and moist;
hydration must be maintained; and oral feedings started as eér]y as
feasible in order to encourage the salivary function.

When acute parotitis develops, warm moist compresses are ap-
plied. Early x-ray therapy to the parotid gland is quite effective.
Antibiotics are also administered. If suppuration develops, surgical
drainage may be necessary.

PRESSURE SORES

Pressure sores (bedsores [decubitus ulcers]) are the result of
neciosis of the skin and deeper tissues produced by sustained local
compression. They generally occur over bony prominences, such as
the sacrum, iliac spines, ischial tuberosities, heels, elbows and scapulae
Cachectic, debilitated and seriously ill patients are most often affected,
In the paraplegic patient, where anesthesia is associated wi
ysis, bedsores are common.

Immobility and improper care of the skin, aided by heat, moisture
and soiling (urine, feces, exudates), predispose to pressure sores
Improperly padded or ill-fitting casts, splints, bandages or h’ach'ox;

th paral-
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PROPHYLACTIC MEASURES:
1. Maintain an adequate urinary output.
2, Prevent overdistention of the bladder and retention of urine.
3. Observe strict asepsis when catheterization is necessary.
4. Administer antibacterial drugs if infection is Iikely (e.g, in-
dwelling catheter).

ACTIVE MEASURES:

1. Antibacterial drugs, sulfisoxazole (Gantrisin®) or the broad-
spectrum antibiotics, singly or in combination, according to
the type of infection.

2. Bladder irrigations of sterile saline or Zephiran® 1:20,000 if
there is excessive pus or debris in the urine.

In most instances, thesc measures will prove adequate. BIadd?:r
irrigations are probably unnecessary when a good urinary output is
maintained. A more complete examination of the urinary tract 1S
indicated if the response to treatment is unsatisfactory or organic
disease is suspected.

PostoreraTive Hiccups

Hicenp is due to paroxysmal, intermittent diaphragmatic contrac-
tion with sudden closure of the glottis. It is a symptom, not a disease-
Although usually temporary and annoying, hiccups may become pro-
tracted and exhausting. The stimulus that produces hiccup originates
directly or indirectly in the phrenic nerve and may be transmitted to
one or both segments of the diaphragm. The irritation may mvolve tlje
efferent or afferent pathways of the phrenic nerve or its centers 1t
the upper cervical cord. 3

Postoperatively, hiccup often results from mechanical or chemical
irritation of the diaphragmatic peritoneum or pleura, or it may .CO""‘
plicate intestinal obstruction, peritonitis, acute pancreatitis, intra:
peritoneal carcinomatosis and hepatic or renal insufficiency.

If possible, treatment is directed toward the cause. Search shoulld
be made for intrapentoneal or intrathoracic infection, acute gastri
dilatation, paralytic ileus, uremia and central nervous system disorders:
In most instances, hiccups will cease pont: ly or will rt:sP""d
to simple measures: (1) changes in position; (2) CO; inhalations or
rebreathing the air in a paper bag; (3) gastric lavage or continuous
gastric aspiration; (4) sedatives (barbiturates, bromides, morphfﬂe);
(5) chloroform (a few drops placed on a lump of sugar is an old
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remedy); or (6) procaine block or surgical crushing of the involved
phrenic nerve. The latter induces temporary paralysis of the affected
hemidiaphragm, which is determined preoperatively by fluoroscopy.
When both leaves of the diaphragm are involved, bilateral phrenic
crush may be necessary.

Acute PAroOTITIS

Acute parotitis is an infrequent but serious postoperative compli-{
cation usually encountered in very ill patients. There is a painful,
localized swelling at the angle of the jaw associated with systemic signs
of infection. The patient usually has poor oral hygiene and dental
caries. Dehydration, malnutrition and poor oral intake after extensive
abdominal operations for cancer appear to predispose to postoperative
parotitis. Pyogenic organisms extend into the parotid gland by way of
Stensen’s duct, or are carried to it through lymphatic or vascular
routes. Suppuration and destruction of the gland often follows. Acute
parotitis generally occurs in the first postoperative week, and may
be fatal in an already very ill patient. Bilateral involvement occurs in
some cases.

Prophylactic measures should be started preoperatively and
continued postoperatively, The mouth should be kept clean and moist;
hydration must be maintained, and oral feedings started as e:?u'ly as
feasible in order to encourage the salivary function.

When acute parotitis develops, warm moist compresses are ap-
plied. Early x-ray therapy to the parotid gland is quite effective.
Antibiotics are also administered. 1f suppuration develops, surgical
drainage may be necessary.

PRESSURE SORES

Pressure sores (bedsores [decubitus ulcers]) are the result of
nectosis of the skin and deeper tissues produced by sustained local
compression. They generally occur over bony prominences, such as
the sacrum, iliac spines, ischial tuberosities, heels, elbows and ,sca ulae.
Cachectic, debilitated and seriously ill patients are most often aﬂ'lejcted'
In the paraplegic patient, where anesthesia is associated with aral:
ysis, bedsores are common, P

Immobility and improper care of the skin
and soiling (urine, feces, exudates
Improperly padded or ill-fitting

, aided by heat, moisture
) predispose to pressure sores.
casts, splints, bandages or traction
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devices also lead to pressure necrosis, most commonly of the heel,
malleoli and iliac crests.

When a pressure sore develops, the area first becomes pale, then
cyanotic and blistered, and finally tumns black or gangrenous. The
necrotic area sloughs, and a chronic, foul-smelling, infected ulcer is
formed.

Generally, the development of a decubitus ulcer can be traced
to the madequate carc of the patient. All bony prominences which
may be subjected to pressure must be protected. Frequent turning,
meticulous cleanliness of the skin, and clean, dry, unwrinkled sheets
are essential. Sponge-rubber protective pads, inflatable rubber rings
and special air mattresses for paraplegics are important prophylactic
items.

Splints, casts and pressure bandages must be applied with the
utmost care, to avoid sustamed localized pressure. When a patient
complains of unexpected degrees of pain or tightness under a cast,
the cast must be removed promptly and reapplied properly.

The treatment of pressure sores consists of elimination of loca'll
pressure, cleansing and débridement of the ulcer, local and systemic
antibiotic therapy, and excision with closure by shifting skin flaps or
grafting, depending on the size and location of the defect.
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CHAPTER 13

The Peritoneum

THE PERITONEUM lines the abdominal cavity and
covers the viscera. It is composed of a single-cell mesothelial layer,
the serosa, and a fibrous layer, the subserosa, which is liberally sup-
plied with blood vessels and lymphatics. The surface area of the
peritoneum approximates that of the skin. The serosa provides a
smooth gliding surface for the viscera and a large absorptive surface.
The peritoneal membrane is continuous except in the female, where
the fimbriated ends of the fallopian tubes are a potential opening for
the entry of infectious or foreign material from the exterior. .

Anatomically, the peritoneal cavity consists of two parts, communt
cating at the epiploic foramen (foramen of Winslow): (1) the generﬂl
peritaneal cavity, containing the intra-abdominal viscera, and (2) the
lesser peritoneal cavity, or the omental bursa. From a clinical stand-
pont, the general peritoneal cavity may be divided into compartments:
by the transverse mesocolon, which is attached in a transverse directio,
the small-bowel mesentery, attached obliquely from the duodenojejunal
ligament to the 1leocecal junction, and the pelvic brim. The peritoneﬂ1
compartments are:

1. Supracolic space—the area above the transverse mesocolo:l and

below the diaphragm, also called the “subphrenic space.

2. Right infracolic space—the area inferior to the transverse meso:

colon and to the right of the mesenteric attachment.

3. Left infracolic space—the area inferior to the transverse meso-

colon and to the left of the mesenteric attachment.

4. Pelvic space—the area below the true pelvis and above the Pel'

vie diaphragm.

These anatomic relationships influence the localization of pus,
blood, urine, bile, pancreatic juice, gastrointestinal content, trans-
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peritoneal metastases and other materials which are foreign to the
peritoneal cavity.

The supracolic space deserves special attention, Many conditions
involving the peritoneum originate in, or involve, this region. The
several subdivisions of this compartment which are described can
be best understood when demonstrated on the cadaver. Basically,
the liver and its ligaments (the falciform ligament, the posterior
triangular ligaments and the bare area) are interposed in the supra-
colic space and subdivide it in three dimensions: right and left, supe-
rior and inferior, anterior and posterior. Most commonly, abscesses
localize on the right side, either above the liver and posteriorly (right
superior posterior subphrenic space) or below the liver, anteriorly
(right inferior anterior subphrenic space). This localization is favored
by the pressure gradient (due to movement of the diaphragm) which
exists between the general pentoneal cavity and the subphrenic spaces.

Fluid collections may also localize (through the influence of
gravity, intraperitoneal pressure or anatomic peculiarities) in the right
infracolic space, the pelvis and infrequently in the left infracolic space.
The hqpa(orenal pouch of Morison, ]ocated in the right supracolic
space, is of great clinical iniportance. It is the most dependent area
to which free fluid or exudate of gastroduodenal, bile duct or pan-
creatic origin can gravitate.

The peritoneum has remarkable absorptive, regenerative and pro-
tective powers. The rate of absorption from all areas is relatively
constant. Colloids, particulate matter and the blood are disposed of
through the lymphatics or by macrophages. Crystalloids and soluble
toxic products are carried off by the blood stream through subserosal
capillaries. Inflammation may, at first, accelerate absorption; later there
will be conglutination of fibrin, vascular thromboses and other local
changes which interfere with fluid exchange and absorption.

‘The reparative power of the peritoneum is one factor which makes
gastrointestinal operations possible. After bowel anastomosis, an early
sealing-off of the serosa is accomplished by brin-clot formation. 1f
the peritoneal s.urfaces are approximated, this process begins immedi-
ate}y and provides, wx'thin a short time, an insecure but leakproof
union. A more substantial fibrous union occurs later; and, if conditions
are ng}}t, primary healing results. The integrity of the anastomotic
o line ey b evdagered by mproerclous, ol oesion,
peritoneal fluid may x'n,(erfere with fib G l’Ima‘ oo of free

> rin-clot formation, Depending on
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The interpretation of the signs and symptoms of abdominal origin
requires an understanding of the innervation of the peritoneum, More
specifically, it requires consideration of the source and type of stimu-
lation, the pathways for transmission of pain impulses and the mech-
anisms of pain reference and reflex response.

The parietal peritoneum derives sensory fibers from the somatic
nerves, T6 through Ll. The visceral peritoneum receives sensory
fibers (visceral afferent fibers) via the sympathetic chain and the
splanchnic nerves. The visceral afferent fibers, the cell bodies of which
are located in dorsal root ganglia from T5 to 13, are derived from and
connected with the segmental somatic nerves. The essential anatomic
difference between visceral and somatic fibers is their manner of dis-
tribution. Both somatic afferent and visceral afferent nerves have cell
bodies in the posterior root ganglia, and both have a single neuron
which extends from the receptor ending to the central nervous system
without a synapse outside the spinal cord.

The sensory supply to the visceral peritoneum is sparse and local-
ization is imperfect, as contrasted to areas of somatic innervation.
The noninflamed visceral peritoneum is insensitive to the ordinary
stimuli of pinch, touch, hot or cold. This is dramatically demonstrated
when cherry-red cautery is used to open a colostomy without anes-
thesia, Visceral pain is poorly localized and diffuse; in addition, it
may be felt in regions remote from the site of origin, as “referred”
pain. When somatic areas are stimulated, as in parietal peritoneal irri-
tation, localized pain and tenderness are noted. Thus, in appendici-
tis the initial pain resulting from appendical obstruction-distention is
poorly localized and referred to the periumbilical and epigastric
regions; later, when irritation of the parietal peritoneum occurs, pain
and tenderness become localized to the right lower quadrant. In-
voluntary muscle spasm is the result of a reflex arc mediated centrally
through somatic afferent nerves, the receptors of which are in the

inflamed parietal peritoneum and peripherally through somatic efferent
fibers to the abdominal muscles.

CLASSIFICATION OF PERITONITIS

Peritonitis is the result of mechanical, chemical or bacterial irrita-
tion, singly or in combination, producing inflammatory changes of the
serous surfaces of the abdominal cavity. It may be localized, spreadin
or diffuse. Acute peritonitis may be classified as follows: ' &

L. Primary bacterial peritonitis {uncommon)—due to the strepto-
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the extent of local injury and inflammation, the healing process will
progress as it does in wounds of other tissues. Regeneration of the
serosal Jayer may be continuous or discontinuous, according to the
amount of scar-tissue formation which takes place. Scarring of the
peritoneum results in fibrous adhesions and the fixation of the viscera
to each other or to the parietal structures. Peritoneal adhesions may
often lead to functional impairment or obstruction of the gastroin-
testinal tract, 1t is true; but adhesions also have a protective localizing
function as well, when intraperitoncal infection evxists. Some patients
exhibit a greater propensity toward forming adhesions than do others.
The reasons for this are obscure. The major hazard of bowel obstruc-
tion following abdominal operations is related to the formation of
fibrous adhesions. Every effort must be made to avoid trauma to the
serosal surfaces and resultant peritoneal scarring,

The peritoneum has great powers of resistance to infection. Un]es.s
conditions are unusually favorable for bacterial growth, or there is
continued or massive moculation, the peritoneum can defend against
and avercome most bacterial invaders. Inflammation of the peritopeum
evokes an inflammatory response similar to that which occurs else-
where in the body, modified only by the functional peculiarities of the
membrane. It is an intense defense reaction, and the local pen’toneal
changes are designed to be protective. The systemic response reflects
the intensity of the struggle between the infecting organisms and the
host.

PERITONITIS

STAGES OF PERITONITIS

When bacterial contamination of the peritoneum occurs, a local in-
flammatory response is initiated. First there is a violent local reaction to
counteract and overcome the infection, Vascular dilatation and hyper-
emia with leukocyte invasion of the contaminated zone occurs. Later
(perhaps within twelve to twenty-four hours) if the pathogens have
not been destroyed by phagocytosis or dispersed into the oblivion of
the systemic circulation, growth of the mvading organism accelerates
on a logarithmic scale The protective peritoneal response becomes
less and less effective as vascular and lymphatic thrombosis occurs.
In the fulminant case, the infection continues to extend and bacterial
toxins finally produce wreparable damage of essential organ systems
with peripheral vascular collapse and death. Such 1s the course of
fatal, untreated bacterial peritonitis.
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used singly or in series to describe the intensity of the pain: Awful, unbear-
able, stabbing and cutting are often employed with earnestness and vehe-
mence. The pain may be described as most intense at the site of the lesion;
quite as commonly it is equally distributed over the entire abdomen or may
even be most intense at a site removed from the causative lesion. The verbal
picture of the disease is commonly emphasized by the patient’s physical ap-
pearance, Pale features, terror-stricken eyes and cold, beaded sweat covering
the brow announce to the observer that the language expressed the truth.
The abdominal wall is rigid. The patient may involuntarily resist examination
by warding off the examiner’s hand, knowing instinctively that pressure, how-
ever slight, will increase the pain. Even cursory examination shows a universal
rigidity and confimns the patient’s belief that pressure will increase the pain.

Only in milder cases—those in which rupture of an organ has been antici-
pated by a partial preliminary reaction on the part of the peritoneum, or when
adbesions have so formed that but a small leak is possible—are the symptoms
milder and less widely distributed. These milder cases approach the spreading
type so that n the beginning one 1s at a loss to know which term to use and
this uncertainty may extend even beyond the autopsy.

The constitutional reaction is equally striking. The pulse is rapid and
forceful and may be small; it tends to become thready and also fitfully irregu-
lar as the disease progresses. The temperature may be subnormal in the begin-
ning but has a tendency to rise, and the terminal temperature may tax the
maximum regustration of the clmical thermometer.

The mental state m the beginmng is usually agitated as the patient at-
tempts to acquaint the medical adviser with the intensity of his suffering. The
mind remams alert, the eyes are wide and shining even at a stage when they
literally sink into their sockets. Even as death approaches and the limbs are
cooled by the indescribable chill of death, beginning at the extremities and
E;radura\‘\y approac}ling the trunk, the mind remains clear, unmindful or fear-
\‘ L The sur-

. . s meens st wuia Wise, and
there may be a resolve to pursue a different course in the next case. Unless

the surgeon does suffer this quickened consciousness, he is not made up of
the material which is elemental to the true surgeon,

TREATMENT

Early removal or closure of a source of peritoneal contamination

is a fundamental rule. Every effort must also be made at o

; peration
to remove, insofar as possible, all foreign and infectious material

At the same time, the natural barrier of the walling-off process must be
rcsl?ecufd‘ Irrigation and mechanical cleansing of the entire peritoneal
cavity is impractical; yet much can be accomplished by repeated

local suction-irrigation of areas of inati i
2 contamination, i i
saline solution. » sing physiologie
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coccus, pheumococeus, or, infrcquently, the tubercle bacillus.
2. Secondary peritonitis { common )—due to:

a) Discases or injuries of the gastrointestinal tract; ruptured
appendicitis, perforated peptic ulcer, ruptured diverticulitis;
traumatic perforations; stab or gunshot wounds, crushing
wounds, ete.; postoperative leakage; strangulating obstruc-
tions

b) Lcakagc from the liver, bile passages or pancreas.

¢) Infections of the female genital organs.

SYMPTOMS AND SIGNS

The clinical picture is modified by the type and extent of the
inciting agency, the general condition of the patient and his response
to mflammation and infection.

1. Abdominal pain, which is usually severe, may be Tocalized or
diffuse.

2. Vomiting is, at first, of visceral reflex origin, It persists as 2
sign of peritonitis and ileus. i

3. A rising pulse rate, a rising temperature and rapid respirations
are signs of sepsis.

4, Diaphragmatic irritation with splinting and relative ventilatory
wmsufficiency is responsible for shallow and rapid respirations.

5. There is direct abdominal tendemess and muscle spasm. Re-
bound tenderness may be noted in the absence of direct (endemgss-

6. The abdomen is silent to auscultation—a most important sign
of peritonism.

7. Distention of the abdomen is present in varying degrees.

8. An early sharp leukocytosis may be followed, in the fulminant
case, by leukopenia, and “exhaustion” phenomena.

9. There is x-ray evidence of diffuse bowel distention. Scattered
loops of gas and fuid levels are evident in both the small and the
large bowel. )

The clinical picture in advanced fulminating peritoniﬁs with its
signs of lost opportunity are unforgettable. Hertzler® has described
it most graphically:

Pain which is sudden and terrible in its onset characterizes the beginning
of this type of pentomtis. All the superlative adjectives in the language are

*Hertzler, A. E.: Diseases of the peritoneum, n Christopher’s Surgery (2d ed:
Philadelphia: W, B Sannders C 1939), p 1013
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The main items in the care of the patient with peritonitis are the
following:

1. There should be complete rest of the gastrointestinal tract:
nothing by mouth; and nasogastric or long-tube suction-decompression
control of the intestinal distention of paralytic ileus.

9. Parenteral fluid therapy should be instituted. Careful balance
management is Tequired. A potassium deficit may be responsible for
inhibition ileus long after the peritonitis has resolved.

3. Parenteral antibiotic therapy should be given. There should be
combined therapy in adequate doses, based on bacterial sensitivity
tests if possible.

4. The patient should be placed in the position which is most
comfortable and least restricting. Ambulation is not advisable. Fowler's
position is not recommended; it contributes nothing to overcoming
the peritonitis and probably predisposes to thromboembolism.

5. Hot wet packs to the abdomen may relieve pain and make the
patient more comfortable, but they probably will exert little influence
on the progress of the disease.

6. Morphine or related drugs should be given in small doses often
enough to keep the patient comfortable. The depressant effects of
large doses of morphine are to be avoided. Morphine is said to favor-
ably influence the course of peritonitis by its metabolic effect and by a
splinting action on bowel motility.

7. Drugs which stimulate bowel activity, such as neostigmine,
Patressin® and Urecholine,® have no place in treatment. Lo

8. Oxygen therapy should be used when respiration is impaired.

The complications of peritonitis are many. It is essential that the
progress of the patient be closely followed by repeatedly checking
areas where trouble may arise. Common postoperative difficulties are:

1. Intraperitoneal or wound abscesses. {The locus of abscess for-

mation may be predicted by considering the original site of
peritoneal contamination and the anatomic peculiarities of the
areas involved. The chief general sites in which abscesses accur
are: subphrenic and subhepatic areas; the lumbar gutters,
especially the right; infracolic spaces; the pelvis; and the ab:
dominal wound itself.) ’
Parnalytic ileus.
Mechanical intestinal obstruction.

Hypoventilation, atelectasis, prneumonitis and aspiration pneu-
monia. . P

10
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Intraperitoneal drainage is indicated by the following conditions:
a localized collection of pus, an area of devitalized tissue which can-
not be removed, an insecure closure of a hollow organ, intraperitoneal
leakage of body fluids (blood, bile, cte.) which cannot be controlled
at the time of operation and extensive retroperitoneal contamination.

A drain does not provide automatically for complete evacuation of
body fluids or exudates but functions according to the physical laws
which govern the movement of all liquids. By its presence, as a
foreign body, a drain may interfere with normal peritoneal absorption
or even may increase peritoneal exudation. Eventually, all drains
become sealed off from the peritoneal cavity by exudate and may
function as plugs instead of vents. Drains also incite the formation
of peritoneal adhesions. Stiff or hard rubber drains in contact with
soft tissues are dangemus. They may cause pressure necrosis, hemor-
rhage and fistula formation An abdominal drain brought through 2
wound may weaken the abdominal wall and increase the chance of
infection and wound disruption. Properly used, however, drains serve
an mmportant function, and there probably is merit to the old dictum
“When in doubt, drain.”

At present there is little indication for the intraperitoneal use of
antibiotics The prophylactic use of “intestinal” sulfonamides afld
broad-spectrum antibiotics in bowel preparation, the occasional in-
stillation into the bowel at the time of operation of an antibiotic such
as neomycin, and the maintenance of high systemic concentrations
of penicillin, streptomycin and broad-spectrum antibiotics will give 2
high degree of protection against peritoneal infection.

Attention must be given to the patient’s preoperative state, and
all necessary measures taken to improve his condition. This usualll}'
requires the correction of fluid-electrolyte, acid-base and blood deficits,
decompression of the gastrointestinal tract and institution of vigorous
antibiotic therapy. Often the course to be followed will be cleasly
indicated by the circumstances leading to the peritonitis. For example,
if the patient has early peritonitis due to a gunshot wound of the
abdomen, there is no choice but to operate; if diffuse pen’tomtis. 15
due to ruptured appendicitis or ruptured peptic ulcer, early operation
is indicated, but if peritonitis is due to pelvic inflammatory disease,
nonoperative treatment is usually advisable. The longer in time the
duration of the peritonitis, the more difficult it is to judge the proper
timing of operation. Individualization, therefore, must be the basis
for these decisions.
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mation may be predicted by considering the original site of
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especially the right; infracolic spaces; th vis; -
dominal wound itself.) P © pelviss and the 2b

. Paralytic ileus.
. Mechanical intestinal obstruction.
Hypoventilation, atelectasis,
monia,

el adt

Ppneumonitis and aspiration pneu-
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5. Thromboembolic discase (phlebothrombosis).
6. Wound-healing complications: infection, disruption, eviscera-
tion and hernia formation.
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CHAPTER 14

The Upper

Alimentary Canal

THE UPPER alimentary canal, extending from the
oral cavity to the duodenal papilla (including the liver, bile passages,
and pancreas) is derived from the foregut embryologically. It is con-
cerned with the conduction and mixing of material entering it and with
the elaboration and secretion of digestive juices.

The organs of the upper canal include: the esophagus, stomach
and first part of the duodenum, each of which have certain well-
known structural similarities and dissimilarities. They are similar in
that they are all hollow organs, lined with mucous membrane and
able to propel their contents by virtue of a smooth muscle coat. They
are all richly supplied with arteries, veins, lymphatics and autonomic
nerves, The arterial supply of the stomach and proximal duodenum
(as well as the liver and most of the pancreas) is derived from the
celiac axis. The venous drainage of all the abdominal viscera is to
the portal system. The lymphatic drainage is through channels which
follow the arteries. The nerve supply is derived from splanchnic
fibers which come to the foregut originally from segments T5 to T9
and from parasympathetic (vagal) fibers. In common with the entire
alimentary canal, this segment possesses an intrinsic nervous mecha-

nism consisting of the submucosal plexus (Meissner) and the inter-
muscular plexus (Auerbach).

THE ESOPHAGUS

The esoph:.xgu.s begins at the lower end of the pharynx, traverses
the neck, mediastinum and diaphragm and becomes continuous with

311
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the stomach at the cardio-csophageal junction. Throughout its course
it lies in close relationship to the trachea, thyroid gland, aorta, root
of the lung, heart, vagus nerves, thoracic duct, spinal column and
diaphragm. The lymphatics of the upper esophagus drain to the
cervical nodes, those of the midesophagus to the mediastinal nodes,
and those of the lower esophagus to the mediastinal and upper gastric
rodes. The esophagus has no outer serous covering,

The foregoing anatomic features have important clinical imphea-
tions. For example: the surgical approach to the esophagus is generally
difficult because of the location and provimity of the esophagus to

Fic. 56 ~Tracheo-csophageal anomalies of the newborn. A, most common
type: upper segment of the esophagus ends blindly; lower segment communicates
with the posterior surface of the trachea. B, same as above, but lower segment of the

h does not i with the trachea, C, both upper and lower seg-
ments enter the trachea D, segments are continuous, but there is a tracheo-esophag-
eal communication E, esophagus 1s stenotic in 1ts midportion,

other important structures, early extraesophageal spread of infection
and cancer to inaccessible areas occurs commonly; and operative and
traumatic wounds of the esophagus arc more predisposed to leakage
than similar wounds of the abdominal viscera because the esophagus
does not have a self-sealing serous coat.

Diseases and injuries of the esophagus are infrequent in climeal
practice. The student should have a working knowledge of the more
common conditions, which include those of (a) congenital and ac-
quired origin, (b) traumatic origin, (¢) inflammatory origin and (d)
neoplastic ongin. Only a few aspects of these conditions will be
considered here.

Congenital atresia of the esophagus and trach phageal fistula
(Fig 56) are of developmental origin and are the result of a faulty
separation of the respiratory passages from the primitive foregut:
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Several anatomic variations are encountered, but the most common
defect (about 90 per cent) consists of a short segment of upper
esophagus, which ends as a blind pouch, and a longer distal segment,
which at its upper end communicates with the trachea or a main
bronchus. The lower end of the distal segment joins the stomach
normally (Fig. 56, A).

The symptoms are the result of esophageal obstruction and reflux
of fluid and air through the fistula. There is dyspnea, cyanosis and
an inability to take food without immediate regurgitation. The diag-
nosis is confirmed by the inability to pass a catheter through the
esophagus into the stomach and by the demonstration of a blind
esophageal pouch by x-ray. lodized oil, not berium, must be used.
Urgent surgical treatment is necessary. Through an incision in the
right side of the chest the tracheo-esophageal fistula is identified and
closed, and the two segments of the esophagus are united by suture.

Varices of the esophagus are most commonly the result of portal
hypertension with portal cirthosis. The varicosities tend to ulcerate
and bleed massively. This condition is discussed in Chapter 18, on
The Liver.

Diverticuli of the esophagus occur principally in two areas—the
neck and the supradiaphragmatic region. The cervical or hypopharyn-
geal type (Zenker’s diverticulum, Fig. 57) is most common. Diverticuli
regularly appear on the posterior surface of the pharynx through an
intermuscular defect between the inferior constrictor and the cricopha-
ryngeus muscles. As the diverticulum enlarges, it commonly passes
to the left side of the neck, where it may be visible and palpable.
The symptoms of cervical diverticuli include: dysphagia, regurgita-
tion, gurgling noises in the neck with swallowing and, sometimes,
intermittent localized swelling. The diagnosis is established by x-ray
studies and may be confirmed by esophagoscopy. Treatment consists
of operative removal and closure of the opening in the esophagus.

Injuries of the esophagus most often result from penetrating
wounds or instrumentation (e.g., esophagoscopy). Spontaneous rup-
ture of the esophagus is rare. The diagnosis is made by x-ray or
esophagoscopy. Small perforations may seal off and heal spoﬁtaneolxsly,
but the danger of leakage and mediastinitis must always be considered,
Early closure of perforations is usually indicated.

The esophagus can also be d:uﬁaged by
Iye) or foreign bodies.

Inflammation of the esophagus can occur after all forms of trauma.

strong chemicals (e .
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Fie 57 (left).~Diverticulum of the esophagus (hypopharynx). X-ray gakcn m
lateral projection. Note that the sac passes behind the esophagus and into 'Lhe
thoracic miet In the anteropostenior projcction 1t was found to pass to the left side
of the neck, which is the usual location The patient was cured by operative removal
of the sac and closure of its onfice mnto the esophagus, .

F16 58 (right) —Carcmoma of the esophagus with partial obstruction. Note
the trregulanty and narrowing of the esophageal lumen produced by the lesion The
condition was found to be incurable at operation

Spontaneous ulceration of the lower esophagus, presumnbly due‘m
acid-peptl‘c digestion, may clinically simulate or be associated with
peptic ulcer of the stomach or duodenum, The treatment of this con-
dition includes those measures regularly prescribed for peptic ulcer,
ncluding partial resection of the stomach in some cases,

Benign tumors of the esophagus are rare, while malignant tumors
are common Cancer of the esophagus occurs most frequently in males
beyond middle life. The onset of this condition is insidious, consisting
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at first only of slight discomfort on swallowing, Later there is difficulty
in swallowing many solid foods, and finally only liquids will pass.
Unfortunately for the patient, he has no pain and generally does not
seek medical attention until the disease has progressed to an incurable
state. The diagnosis of esophageal cancer should be suspected in all
patients who complain of “food sticking.” The investigation includes
xray studies of the esophagus with barium (esophagram, Fig. 58)
and esophagoscopy with biopsy. )

Carcinoma is most frequent in the lower third of the esophagus,
but it also occurs in the middle, upper and cervical segments. The
tumor is commonly a squamous cell carcinoma, less commonly an
adenocarcinoma. At operation, metastases to the mediastinal lymph
nodes and invasion of surrounding structures is encountered in a high
percentage of patients, Surgical treatment consists in resection of the
lower esophagus with the tumor and uniting the proximal esophagus
with the stomach. In order to make such an anastomosis, it is necessary
to displace the stomach into the thorax. The operative mortality is
approximately 20 per cent, and the five year survival rate is low.

Palliative treatment of esophageal carcinoma includes: introduction
of a plastic tube into the lumen and through the narrowed area pro-
duced by the tumor by open operation; establishment of gastrostomy
for feeding purposes; and external irradiation.

THE STOMACH

The stomach is a J-shaped pouch between the esophagus and the
duodenum. The inlet of the stomach is the site of the cardio-esophageal
sphincter, and the outlet is demarcated by the pyloric sphincter. The
superior segment of the stomach or the vertical part of the “Y” is the
cardia. The cardia consists of two parts: the fundus above, and the
body below. The inferior segment of the stomach, or the horizontal
part of the “J,” includes the antrum and the pyloric canal. The junction
of the cardia and the antrum on the lesser curvature of the stomach is
the site of the incisura angularis. The shape, size and position of the
stomach vary greatly from individual to individual. These variations
can best be appreciated by viewing several sets of x-ray films of the
stomach.

The stomach wall consists of four layers: the serosa, muscular coat
submucosa, and mucous membrane. In the gastric glands the mucou;
membrane contains four types of cells. The body chief cells, or the



316 FUNDAMENTALS OF GENERAL SURGERY

zymogenic cells, seerete pepsin; the parietal, or ovyntic, cells produce

hydrochloric acid, the mucous neck glands secrcte mucus; and the

argentaffine cells probably produce an internal secretion, serotonin.
The acid-producing parietal glands are found in greatest number

Fic. 59.—The mechanisms of acid gastne secretion. A, cephalic phase, “"’f{"
peurogenic control through the vagus nerves. B, gastric phase; hormonal stimulation
15 the result of antral production of gastnn. C, gastric phase, direct sumulation by
presence of food in the stomach. D, enteric phase, controlled by enterogastrone pro-
duced by the duodenum and jejunum.

in the central portion of the stomach. They are less numerous in the
region of the incisura angularis and gastric fundus and practically
absent in the distal pyloric area.

Gastric secretion occurs in three phases (Fig. 59): the cephalic
or nervous; the gastric, or hormonal, and the intestinal The cephalic
is initiated by the sight, smell, taste, chewing or thought of food. The
secretory reflex is mediated over the vagus nerves and results 11 2
secretion which is rich in acid, pepsin and chlorides Section of the
vagus nerves interrupts this reflex. .

The gastric phase of secretion results from both hormonal (gastrin)

halic,
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and mechanical stimulation. Gastrin is Jiberated in the antrum in re-
sponse to the presence of food and to distention of the antrum. This
hormone in turn acts on the mucosa to produce acid secretion. Hista-
mine is used clinically to provoke acid gastric secretion, and this test
probably reflects the hormonal phase of gastric secretion. Removal
of the antral segment reduces or eliminates this phase of gastric
secretion. B

The intestinal phase of gastric secretion appears to be due to the
action of secretagogues on the intestinal mucosa, which results in the
liberation of a humoral agent which behaves much as does gastrin.

There appears to be a resting or interdigestive phase of gastric
secretion which is also under neurogenic control. This has been
demonstrated in ulcer and nonulcer patients by comparing the total
night secretion of these groups. The volume of night secretion is gen-
erally greater in ulcer patients than in normal individuals.

Gastric juice contains hydrochloric acid, pepsin which is derived
from pepsinogen by the action of hydrochloric acid, and mucus. It
is known that mucus has a mucosal protective function, with respect
to acid-peptic digestion. But whether or not the enzyme, lysozyme,
which has the ability to dissolve mucus, plays a significant role in the
pathogznesis of peptic ulcer has not been established.

The duodenum contains bile, pancreatic juice and small-bowel
secretions. The reaction of this mixture is alkaline. Under normal
conditions the acid gastric chyme is neutralized when it passes into
the duodenum. This change in reaction is an important normal pro-
tective mechanism against ulceration of the duodenum.

DISEASES OF THE STOMACH AND Dl;lODENUM

A variety of pathologic conditions occur in these organs. Many are
so-called “medical problems” and are dealt with in medical works.
Peptic ulcer and cancer of the stomach are of combiried medical and

surgical interest and illustrate many of the problems with which the
surgeon is concerned.

Pepric ULcer

) From a _c]i{ﬁc:fl viewpoint, gastric and duodenal ulcers have man
points of snrr.n):mty., including pathogenesis, signs and symptomsy
methods of diagnosis, complications and surgical treatment. For t}u'.;
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reason, they will be considered together in the following discussion.

Peptic ulcers develop only in the mucous membrane of certain
areas which are exposed to acid and pepsin. Most commonly they
are located along the Iesser curvature of the stomach or the first part
of the duodenum. Less often they appear in other areas of the stomach
(antrum, body, fundus, etc.); and only occasionally in the lower
esophagus, sccond portion of the duodenum, Meckel's diverticolum

Fic 60.—Bleeding gastric ulcer The distal portion of the stomach was resected
for massive hemorrhage from a benign peptic ulcer. The specimen has been tum
mside out to show the ulcer. Note the medium-sized artery in the ulcer crater.

containing ectopic gastric glands, or the jejunum after gastrojejunos:
tomy.

Peptic ulcers (Fig 60) are punched-out excavations with slightly
overhanging margins and granulating bases. They exhibit a variable
degree of surrounding inflammatory reaction, scarring, deformity and
regional lymph node hyperplasia. They are usually single and rang®
from a few millimeters to & cm. or more in diameter. Occasionallys
several ulcers occur in the same area.

The ulceration may be confined to the mucosa or may penetrﬂfe
the entire thickness of the gastric or duodenal wall. When sudden



318 FUNDAMENTALS OF GENERAL SURGERY

reason, they will be considered together in the following discussion.

Peptic ulcers develop only in the mucous membrane of certain
areas which are cposed to acid and pepsin. Most commonly they
are located along the Iesser curvature of the stomach or the first part
of the duodenum. Less often they appear in other areas of the stomach
(antrum, body, fundus, etc.); and only occasionally in the lower
esophagus, second portion of the duodenum, Meckel’s diverticulum

containing ectopic gastric glands, or the jejunum after gastrojejunos:
tomy.

Peptic ulcers (Fig 60) are punched-out excavations with sh'ghlly
overhanging margins and granulating bases. They exhibit a variable
degree of surrounding inflammatory reaction, scarring, deformity and
regional lymph node hyperplasia. They are usually single and range
from a few millimeters to 2 em. or more in diameter. Occasionally,
several ulcers occur in the same area.

The ulceration may be confined to the mucosa or may penetrat¢
the entire thickness of the gastric or duodenal wall. When sudden
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reason, they will be considered together in the following discussion.

Peptic ulcers develop only in the mucous membrane of certain
areas which arc exposed to acid and pepsin. Most commonly they
are located along the lesser curvature of the stomach or the first part
of the duodenum. Less often they appear in other areas of the stomach
(antrum, body, fundus, ete.); and only occasionally in the lower
esophagus, second portion of the duodenum, Meckel's diverticulum

Fic 60 —Bleeding gastnc ulcer. The distal portion of the ftomach was reseclrg
for massive hemorrhage from a benign peptic ulcer, The specimen has been turne
wnside out to show the ulcer, Note the medium-sized artery in the ulcer crater.

containing ectopic gastric glands, or the jejunum after gastrojejunos:
tomy.

Peptic ulcers (Fig. 60) are punched-out excavations with sllghtl)'
overhanging margins and granulating bases. They exhibit 2 variable
degree of surrounding inflammatory reaction, scarring, deformity an
regional lymph node hyperplasia. They are usually single and range
from a few millimeters to 2 cm. or more in diameter. Occasionally,
several ulcers occur in the same area.

The ulceration may be confined to the mucosa or may penetrate
the entire thickness of the gastric or duodenal wall. When sudden



318 FUNDAMENTALS OF GENERAL SURGERY

reason, they will be considered together jn the following discussion.

Peptic ulcers develop only in the mucous membrane of certain
areas which are exposed to acid and pepsin. Most commonly they
are Jocated along the lesser curvature of the stomach or the first part
of the duodenum. Less often they appear in other areas of the stomach
(antrum, body, fundus, cte.); and only occasionally in the lower
esophagus, second portion of the duodenum, Meckel's dwerticulum

containing ectopic gastric glands, or the jejunum after gastrojejunos-
tomy.

Peptic ulcers (Fig. 60) are punched-out excavations with slightly
overhanging margins and granulating bases. They exhibit a vanable
degree of surrounding inflammatory reaction, scarring, deformity and
regional lymph node hyperplasia. They are usually single and range
from a few millimeters to 2 cm. or more in dfameter. Occasionallf,
several ulcers occur in the same area.

The ulceration may be confined to the mucosa or may penctraté
the entire thickness of the gastric or duodenal wall. When sudden
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complete penetration occurs, irritant  gastric or duodenal cont(‘:nt
leaks into the pentoneal cavity. Slow penetration and perforation
activates defense mechanisms which tend to seal the opening and
localize the inflammation. When penetration oceurs in a retroperitoneal
area (e.g, posterior wall of the duodenum), peritoneal soiling does
not oceur. .

The digestive action of acid and pepsin often causes the erosion
of hland vessels and hemorrhage. Erosion of veins, capillaries and

' . severity.

The clini‘c—’al course in peptic ulceration is charactensueally one
of recurrences and remissions. With each episode, more scar tissue
is produced and irregularities of the gastnc or duodenal wall appear.
The resulting contraction or deformity may be sufficient to ultimately
cause partial or complete obstruction. A variable degree of super-
imposed spasm and edema may in itself cause partial obstruction.

Acid gastric juice is necessary for the development and persistence
of peptic ulcer. The actual cause or causes of peptic ulcer are unknown.
In the stomach there appears to be a breakdown in the normal resist~
ance to tissue digestion, which may be due to a diminished protective
action of mucus or to local cellular changes related to disturbances
in vasomotor control. In the duodenum, exposure to excessive acid
gastric secretion, rather than a decreased efficiency of local protective
mechanisms, is likely.

That neuroendocring factors are also involved is established.
Peptic ulcer is a disease of civilization. The relationship between
the emotions, the antonomic nervous system and the motor and secre-
tory activity of the stomach is well known, Prolonged emotional turmoil
from any cause results in disturbed gastric function, vascular mucosal
engorgement and increased susceptibility of the mucosa to digestion.

The significance of the hormones, m this Tespect, is indicated by
studies on the relationship between “stress,” gastric secretion and
adrenocorticod activity. Superficial ulcerations of the upper gastro-
intestinalvmembr.me are common under conditions of stress. Cortisone
and AC’I.H regularly augment gastric secretion and lead to serious
coxxll?le:atloxxs when administered to patients with ulcer, or they may
precipitate ulceration in those who are predisposed to this disease.

) S\"\ll"l‘o.\lS~AND chxs..-—'ljh.e ulcer syndrome is characterized by
'p.\m, punctuality and pen'udlcuy. Sometimes there is little more than
a sense of fulness and discomfort after eating; but more often the
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patient complains of a buming, gnawing, nonradiating abdominal
pain with epigastric tendemess. The pain occurs one to three hours
after meals and frequently in the early morning hours. It is character-
istically relieved by mgestion of food or alkalis.

Vormting is uncommon except when there is partial obstruction.
If present, the vomitus may contain “coffee ground”-appearing material

Fie 81-R of the bar filled stomach showing an ulcer niche
on the lesser curvature near the incisura angulans

or flecks of clotted blood. Ordinanly, the stools appear normal but are
found to contamn occult blood. With more severe bleeding the stools
become “tarry” or grossly bloody.

The physical exammation 1s generally unrevealing except for
localized upper abdominal tenderness. Weight loss and anemia are
infrequent. Gastric secretory studies usually reveal hyperacidity in
duodenal ulcer and normal or hypoacidity in gastric ulcer.
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The radiographic signs of ulcer are (1) an ulcer niche seen on the
x-ray Slm (Fig. 81), (2) localized tenderness over the suspected uleer
at fluoroscopy, (3) hypertonicity and hypermotility of the stomach and
(4) pylorospasm with duodenal deformity. .

Gastroscopy is often useful for the differentiation of benign an.d
malignant gastric lesions and the diagnosis of gastritis and gastric
lymphoma. Its value is limited by the fact that in the inspection of
the interior surface of the stomach there are several “blind spots.”
Gastroscopy is of no value in duodenal ulcer.

The complications of peptic ulcer (Fig. 62) comprise the chief
indications for surgical treatment. They are: acute perforation, hemor-
rhage, pyloric obstruction, intractability, and suspected malignant dis-
ease in the case of gastric ulcers only.

PerForaTiON.—This is quite frequently a catastrophic complica-
tion. ‘The perforation is usually located on the anterior gastric or
duodenal wall near the pyloric ring. At operation it is found to be a
cleanly punched-out defect from which gastric and/or duodenal con-
tents are leaking into the peritoneal cavity. There is rapid and diffuse
soiling of the pentoneum with this highly irritating liquid mixture.
‘The immediate local reaction is a chemical peritonitis; later the peri-
tonitis may become infectious. The systemic reaction tends to be se-
vere, and decompensation of the homeostatic mechanisms with shock
often appear.

The signs of ruptured ulcer are usually quite characteristic. The
patient may have a known history of peptic ulceration. Often perfora-
tion will follow a bout of ulcer distress. The onset of perforation is
heralded by sudden upper abdominal pain, which becomes severe and
diffuse as the free fuid spreads over the peritoneal surface. Pain in
the right shoulder is commonly observed and results from diaphrag-
matic irritation. Pain in the right lower quadrant may occur from the
gravitation of Huid alnng the right lumbar gutter, in which case the
clinical picture may simulate acute appendicitis. Vomiting is uncom-
mon. The picture may be that of impending shock, manifested by cold
skin, sweating, fast pulse and decreased blood pressure. Later, shock
becemes established unless treatment is given, The abdominal wall
is exquisitely tender and boardlike. The area of normal liver dulness
is replaced by resonance to percussion by virtue of free air above the
liver. The bowel sounds are hypoactive or absent. The scout films of
the abdomen confirm the presence of pneumoperitoneum.

Perforated peptic ulcer is a surgical condition, and closure of the



F1c 62.—Common complications of peptic ulcer which require surgical treat-
ment 4, acute perforation with pentomtis. B, obstruction to the pyloric outlet, G,
hemorrhage, recurrent or massne D, mtmctablhty (sometimes the result of pene-
tration mto the ). E, changes in gasmc uleers. F,
jejunal (marginal or stomal) foll G, jeyunal
{marginal or stomal} ulceration following partial g'xstnc resection
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ulcer should be accomplished at the earliest possible moment. The
morbidity and mortality in this condition is related directly to delay.
A short initial period of preoperative treatment, not exceeding two or
three hours, is permissible, after which simple closure is carried out.
All accessible free intrapentoneal fuid and foreign material should
be removed. This will decrease the chances of postoperative intra-
peritoneal abscesses.

Recovery from a ruptured ulcer is usually uncomplicated, pro-
vided that early surgical treatment is applied. The postoperative
management is similar to that of patients with peritonitis of any type.

HenorruAGE.~Bleeding results from vascular erosion. Massive
bleeding often comes from branches of the gastroduodenal artery or
the right gastric artery. Massive hemorthage is always a life-threaten-
ing complication. If the physician understands the implications of
this condition, he will be in a position to deal with it, as well as with
less severe bleeding problems.

Sometimes the patient will have had a previous bleeding episode
and will recognize what is happening. There may be a history of a
pre-existing peptic ulcer. The patient who has a typical “bathroom
hemorrhage” feels the urge to defecate and faints while in the bath-
room. He may pass one or more black or bloody stools, become nause-
ated and vomit blood-containing fluid. The physician is often able
to make the diagnosis over the telephone. This condition is a real
emergency.

While many patients with bleeding peptic ulcer can be managed
by nonoperative measures, certain patients require immediate opera-
tion to stop bleeding and to save life; others require operation after
the cessation of the bleeding, to prevent recurrence. The criteria for
the selection of patients for surgical treatment cannot be rigid, Each
problem must be judged according to the individual circumst;nces and
in light of the Jnown increased risk when certain conditions which
adversely affect the outlook exist. These include the following:

L The age of the patient is of importance, since the mortality
increases with age. In genera), the younger the patient the better he
is able to tolerate hemorrhage. After the age of forty-five the risk in-
creases, b.ut p;fb'ente younger than this also die from bleeding ulcer.
'.I'he rc.]atxonshlp behve.en age, severity of hemorrhage and progaosis
s aseribed to changes in the vascular system (arteriosclerosis) and to
thickening and fixation of vessels in the ulcer bed. These changes are
most marked in patients with the scarring of chronic recunent::dcem-



Fic. 62.~Common complications of peptic ulcer which require surgical treat-
ment. A, acute perforation with peritonitis, B, obstruction to the pylorie outlet. C,
hemorrhage, recurrent or massive. D, mtractability (sometumes the result of pene-
tration mto the pancreas). E, suspected malignant changes m gastnc ulcers. F,
jepunal (marginal or stomal) ulccration following gastrojejunostomy. G, jejunal
(marginal or stomal} ulceration following partial gastrie resection.
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ing the ulcer, if possible. When, at operation, the critical condition of
the patient precludes resection, simple measures for the control of
bleeding, such as transfixation of the vessel, may be all that can be
done.

OsstrucTioN.—Long-standing chronic peptic ulcer of the gastric
outlet and duodenum may, by virtue of scarring and deformity, lead
to the mechanical blockage of the lumen. Olten there is a superim-
posed element of edema with muscle spasm which results in almost
complete obstruction. The stomach then gradually becomes dilated
and hypertrophied. Retention of food and of gastric secretion occurs,
and chronic gastritis develops.

The patient complains of chronic indigestion, fulness, night pain,
vomiting, inability to eat solid foods, loss of appetite, weight loss and
weakness. His condition deteriorates progressively; and signs of de-
hydration, alkalosis, anemia, hypovolemia, hypoproteinemia and
chronic malnutrition are often evident to the physician. .

The diagposis of pyloric obstruction is made on the basis of the
clinical findings and the x-ray studies. It may be impossible, how-
ever, to differentiate between a benign and a malignant obstruction.

Patients with prolonged pyloric obstruction require a period of
decompression and mechanical cleansing of the stomach, as well as
nutritional restoration, before surgical treatment can be undertaken.
Often the patient’s symptoms clear, and partial relief of the obstruction
will allow him to take an ulcer diet or formula feedings. The pre-
operative regimen requires a few days to a few weeks, during which
the patient’s general condition rapidly improves and he soon becomes
a satisfactory surgical risk. The operations for outlet obstruction in-
clude: partial gastric resection, anastomosis of the stomach to the
jejunum and enlargement of the gastroduodenal outlet (pyloroplasty).

INTRACTABILITY.—Peptic ulcer 1s said to be intractable when im-
provement does not follow a prolonged and exacting period of medical
treatment. That is, the symptoms persist, the ulcer fails to heal and
the patient remains disabled in spite of strict dietary, antacid and
anticholinergic therapy. This type of management is best carried out
in a hospital, usu_ﬂ].ly for a period of not less than three weeks. In this
regard,‘ﬂ]e physician must make sure that it is the ulcer, rather than
:;SI:Z::::; (;vl::‘j[‘,_:)s mtr:fcvlable. Ceneral]y_speaking, patients who are

tant a perative are poor candidates for either medical or
surgical treatment.

Surgical treatment of intractable chronic pepn’(; ulcer includes
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tion, which is most likely to be encountered in those of advanced age.

2. The vomiting of blood has more serious significance than blood
in the stools alone. It may indicate gastric or esophageal ulceration
and rapid hemorrhage.

3. Recurrence of hemorrhage winle the patient is under treatment
for peptic ulcer is always a serious sign.

4. Associated discases, such as cardiac failure, hypertension and
cirrhosis of the liver, always make the outlook darker.

5. Failure to respond after restoration of the bleod volume is an
important factor. In borderline cases, if a “test of transfusion,” amount-
ing to 1,500 or 2,000 ml. of whole blood in twenty-four hours, does not
stabihze the patient’s condition, the implication is that there is cou-
tinued bleeding. Surgical intervention must be eonsidered,

The cause of upper gastrointestinal bleeding may be difficult to
determine. Peptic ulceration (duodenal and gastric) is responsible for
about 75 per cent of cases; and ruptured esophageal varices, gastritis
and malignant conditions account for about 20 per cent. The history,
physical findings and the character and amount of shed blood may
suggest its ongin. Clotted or unclotted blood in large-appearing
amounts from the mouth indicates rapid hemorrhage from the upper
alimentary tube, usually from above the pylorie sphincter area. Black
or hemolyzed blood in the vomitus may come from the stomach or
duodenusm, dark red clotted and unclotted blood, appearing from the
rectum, can originate from a segment of the alimentary tract, including
the upper portion, when bleeding is brisk and conduction is rapid.
Black liquid (tarry) stools mie commonly the result of upper-tract
bleeding and can result from the loss of only 75 ml. of blood into
the stomach or duodenum.

Every effort must be made to Jocalize the site of bleeding when
operative treatment is being considered. Upper gastrointestnal x-ry

ion may be ry to rule out esophageal varices and to
demonstrate the presence of an uleer. Esophagoscopic examination
may also be indicated, When mptured esophageal varices are the
probable cause of bleeding, nonoperative measures are generally
indicated, including the Blakemore-Sengstaken tube. Likewise, if the
patient with bleeding ulcer stops bleeding and shows signs of wn-
provement after the institution of supportive treatment, the decision
may be made in favor of continumg nonoperative management,

The surgical treatment of hemorrhage from peptic ulcer consists

in the control of bleeding by partial resection of the stomach, includ-
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ing the uleer, if possible. When, at operation, the critical condition of
the patient precludes resection, simple measures for the control of
bleeding, such as transfixation of the vessel, may be all that can be
done.

OsstrucrioN.—Long-standing chronic peptic ulcer of the gastric
outlet and duodepum may, by virtue of scarring and deformity, lead
to the mechanical blockage of the lumen. Often there is a superim-
posed element of edema with muscle spasm which results in almost
complete obstruction. The stomach then gradually becomes dilated
and hypertrophied. Retention of food and of gastric secretion occurs,
and chronic gastritis develops.

The patient complains of chronic indigestion, fulness, night pain,
vomiting, inability to eat solid foods, loss of appetite, weight loss and
weakness. His condition deteriorates progressively; and signs of de-
hydration, alkalosis, anemia, hypovolemx'a, hypoproteinemia and
chromic malnutrition are often evident to the physician.

The diagnosis of pyloric obstruction is made on the basis of the
clinical findings and the x-ray studies. It may be impossible, how-
ever, to differentiate between a benign and a malignant obstruction.

Patients with prolonged pyloric obstruction require a period of
decompression and mechanical cleansing of the stomach, as well as
nutritional restoration, before surgical treatment can be undertaken,
Often the patient’s symptoms clear, and partial relief of the obstruction
will allow him to take an uleer diet or formula feedings. The pre-
operative regimen requires a few days to a few weeks, during which
the patient’s general condition rapidly improves and he soon becomes
a satisfactory surgical risk. The operations for outlet obstruction in-
clude: partial gastric resection, anastomosis of the stomach to the
jejunum and enlargement of the gastroduodenal outlet ( pyloroplasty).

INTRACTABILITY.—Peptic ulcer is said to be intractable when im-
provement does not follow a prolonged and exacting period of medical
treatment. That is, the symptoms persist, the ulcer fails to heal and
the patient remams disabled in spite of strict dietary, antacid and
?nticholin.ergic therapy. This type of management is best carried out
in a hospital, usually for a period of not less than three weeks. In this
regard, the physician must make sure that it is the ulcer, ratl;er than
ettt mc-openaes e oy peaking. paent who sxe
surgical treatment. idates for either medical or

Surgical treatment of intractable chronjc peptic; uleer includes
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Fic. 63 —Common surgical procedures used in the treatment of peptic ulcer.
A partial gastnic resection, Polya’s modification of Bullroth 11 type (end-to-side
and posthor gaslro)cjunostomy C, partial gastric
rescctmn, Billroth 1 lype ( 3t ). The position of the
tra colon is 1. D, g t . E, closure of perforated
ulcer by sutunng a tab of omentum over the opening.

partial gastric resection and, in some clinics, vagotomy and gastro-
enterostomy.

SusPECTED GastRic Cancen.—Cancer of the stomach can mas-
querade as gastric ulcer, and in rare mstances, benign gastric vlcers
are believed to become cancerous. About 10 per cent of the patients
operated on for apparently benign ulcers are found to have histolo-
gically malignant changes in the ulcer. Furthermore, it is often im-
possible to distinguish between malignant and bemgn ulcers by gross
examination of the excised specimen. It follows, therefore, that there
are no clinical means by which the differentiation can be made with
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certainty, short of biopsy, and that the clinician always must con-
sider the possibility of gastric cancer when dealing with gastric
uleeration.

The history, gastric secretion, x-ray findings, and sometimes the
gastroscopic studies, will indicate the most likely diagnosis. If the
evidence favors benign gastric ulcer, there are two alternatives. The
physician may elect to place the patient on strict medical treatment
for a period of three or four weeks and then to review the situation
completely, including the x-ray studies. This is a form ol diagnosis
by observing the response to treatment. At the end of this period, a
definite diagnosis should be made and medical treatment continued
or surgical treatment advised. The second, more direct approach con-
sists in advising operation for all patients with gastric ulcers. There
is much to be said in favor of early operation, which serves as a
combined diagnostic and therapeutic measure

SurcicaL. TreaTaENT.—Most patients with peptic ulcer are treated
by medical measures, Every reasonable effort should be made to heal
the ulcer, to relieve the symptoms, to restore normal activity and to
prevent recurrences by nonsurgical means, whenever possible. Failure
to achieve these objectives or complications of ulcer call for surgical
treatment (Fig. 63). When indicated, surgical treatment will, in a
Ingh percentage of patients, accomphsh these objectives; but it is by
no means a cure-all

Currently, two basic types of surgical operatjons are used in the
treatment of peptic ulcer. The first consists of partial removal (two
thirds to three fourths of the distal stomach) closure of the duodenum
and re-establishment of continuity by uniting the divided end of the
stomach and the upper jejunum.® This procedure has many modifica-
tions and eponymic labels, but the original procedure is known as
“Polya’s operation.” Its effectiveness in the treatment of peptic ulcer
lies in' the fact that the antral source of gastrin is eliminated, the acid-
secreting membrane is reduced and, in most instances, the ulcer is
removed. This operation (partial gastric resection) is widely used.

The second operation, which is less widely used, consists in the
Mt and e st etment OF o orabove the esopbage
ool thr; of an opeming lfe}'\veen the side of the

: jejunum (gastrojejunostomy) to prevent

°An al ive method for blish of contm i
éi'ivided end of the stomach to the divided end of dlenduo‘:;gfmdl(rlexfl‘l:;‘:[; of the
tion). The amount of the stomach remosved 1s the same (Fig. 63, C). opera
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gastric retention from disturbed motor activity postoperatively.® This
operation effects a reduction in the cephalic phase of gastric secretion,
which leads to healing of the ulcer.

The mortality from gastric operations is low, averaging about 3
per cent. The common postoperative complications include: obstruction
at the anastomosis and gastric retention, leakage from the duodenal
stump closure, intrapentoneal abscesses, wound disraption, pneumonitis
and phlebothrombosis.

The long-term results of treatment are satisfactory in about 85 per
cent of cases after both partial gastric resection and vagotomy with
gastroenterostomy. It should be painted out that even after operation
the patient with the ulcer diathesis is, to some degree, more predis-
posed to recursent related difficulties than the normal person.

Late complications which may follow partial gastric resection
include: the postgastrectomy syndrome, stomal or marginal ulceration
and failure to gain weight,

The postgastrectomy syndrome, sometimes called the “dumping
syndrome,” is characterized by epigastric distress, lightheadedness,
weakness, cold sweats and palpitation, appearing shortly after the
ingestion of food. These manifestations have been variously ascribed to
(1) rapid gastric emptying, (2) jejunal or duodenal distention, (3)
sudden shifts in plasma volume due to the movement of fluid from
the vascular compartment into the bowel, (4) disturbances in glucose
metabolism and (5) disturbances in adrenocorticoid function. The
symptoms are less severe or disappear if frequent small feedings, con-
taining minimal fluid and carbohydrate, is presenbed and if the patient
lies down after eating. Over a period of weeks or months the symptoms
tend to disappear unless there is a mechanical cause for the trouble.

Stomal or marginal ulceration occasionally develops in the jejunum

near the anastomosis as a result of acid-peptic digestion. It is most
likely to occur after simple gastroenterostomy and rarely after paﬂbiﬂl
gastric resection. The ulcer may appear a few weeks after operation
but is usually not seen until months or years have passed. The new
ulcer has all the charactenstics of the original ulcer except for its
location. Ulcer pain is often severe. Bleeding is common. Perforation
may oceur into the free peritoneal cavity or sometimes into the nearby
transverse colon. The latter results in a gastrojejunocolic fistula, whl'c.h
is an extremely serious complication of stomal ulcer. The diagnosis

* Pyloropl rather than is preferred by some
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of stoma) ulceration and gastrojejunocolic fistula is made by x-ray.
Treatment is surgical.

Failure to gain normal weight is common after partial gastrectomy.
This may be due to inadequate intake or inadequate utilization of
food. There is evidence to indicate that the greater the segment of
stomach removed, the greater will be the inability to gain. For this
reason, some surgeons believe that resection should, in some degree,
be tailored to the patient’s existing nutritional status, That is, chroni-
cally thin patients should be subjected to more conservative gastric
resections than well-nourished persons. In most instances, however,
patients wha fal to gain to normal weight postoperatively can be
made to gain under rigid dietary management.

CANCER OF THE STOMACH

According to Maes®:

The only safe plan is to regard as cancer any indigestion, with or without
symptoms, which appears after middle hfe in a previously well person; to
regard as cancer any acute digestive disturbances, in this period, which are
superimposed upan chronic digestive disturbances and which do not respond
to routine measures; to regard as cancer or highly suspicious of it, vague gen-
eral symptoms of fatigue, malaise, mental indifference, insomnia, ete., even
though associated gastric disturbances are Iacking; to continue to regard as
canicer any of those cliical syndromes until it is proved beyond the shadow
of a doubt not to be cancer; and to resort without delay to exploratory lapa-
rotomy, if the diagnosis cannot be made otherwise. In malignant disease the
certainty of diagnosis is frequently also the certainty of death,

Crnical. ConsieraTiONs.—Cancer of the stomach has long been
a foremost medical problem and threatens to become even more im-
portant as the number of people living to advanced age increases. In
the United States, there are about 40,000 deaths a year from cancer
of the stomach. The cure rate in this disease has always been low
(about 10 per cent). There appears to be some improvement in the
survival statistics in recent years, but there is great need for more
improvement. To this end, there is need for continued public em-
phasis on the importance of prompt medical investigation of digestive
complaints.

Gastric cancer is more frequent in the male than the female, the
ratio being about 2:1. It appears with greatest irequency afte; the

. Maes, U.: Carcinoma of the stomach, New Orleans M, & S. J. 90.584, 1937-
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age of forty but is not rare in younger people. Most often it develops
in the absence of pre-existing gastric disease. However, a few con-
ditions are regarded as precursors of gastric cancer. These include:
Gastric Ulcer.~Probably less than 5 per cent of the gastric ulcers
undergo malignant degeneration. Of greater importance is the fact
that benign and malignant gastric ulcers are often impossible to differ-

Fre. i Y ' gross characteristics. I,
exophytic zer. I, nfilirative-ulcera-
tive cance . (After Borrmann.)

entiate except by microscopic eaamnation. It is more likely that
gastric ulcerations are either benign or malignant from their inception.

Gastric Polyps.—Polyps of the stomach are rare compared with
polyps of the colon, but gastric polyps are often malignant or are
found in association with gastric cancer.

Chronic gastritis ~Some pathologists consider the atrophic form
of chronic gastritis to be a precursor of gastric cancer. The issue re-
mains a controversial one,

Pernicious Anemia.~The mcidence of gastric cancer is said to be
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about three times greater in patients with pernicious anemia than it
is in normal patients of comparative age,

Gastric cancer is most common in the lIower segment of the
stomach, including the prepyloric, antral and lesser curvature areas.
Carcinomas of the fundus and greater curvature are less common but
often more insidious because they may cause no disturbance in gastric
emptying,

Most gastric cancers are adenocarcinomas, which tend to infiltrate
the gastric wall, to grow into the gastric Iumen and to ulcerate. In
addition, they spread beyond the stomach into regional and distant
tissues by infiltration and metastasis.

There are four gross types of gastric cancer. Why such wide varia-
tions in the morphology of histologically similar tumors occur is un-
known; but it is apparent that, once the growth pattern is set, it does
not change. Borrmann has proposed the following classification (see
Fig. 61):

Type I: polypoid tumors which project into the gastric lumen. The lesion

may resemble a mushroom. Ulceration occurs late.

Type II: ulcerated lesions with an elevated margin. There is a sharply

demarcated margin and localized infiltration of the gastric wall.

Type IH: infiltrative lesions swith ulceration. The margins are not sharply
demarcated.

Type IV: diffusely infiltrative lesion with ulceration, The tumor may in-
volve a segment of the gastric wall or the entire organ (lumtis
plastica).

It should be apparent that the clinical signs and symptoms pro-
duced by gastric cancer vary greatly according to the location of the
tumor, the type of lesion, the degree of ulceration, etc. In general,
the prognosis for cure is somewhat better in Types I and II than in
Types I and IV, but the appearance of the tumor bears no close
relationship to its curability. The prognosis is more dependent upon
the eatent to which tumor has spread beyond the stomach.

. Dissemination of gastric cancer occurs by direct extension to con-
h'guous structures, by lymphatic (Fig. 65) embolization and permea-
ton n‘nd by embolization through the venous system. Occasionally,
there is direct transperitoneal and gravitational spread. ’

SyarPTOMS AND Siens—There are no early symptoms of gastric
cancer. This disease characteristically has a long silent interval, after
wlluch “minor” complaints appear. These include: (1) a tired f’eelin
with Ioss of “pep”; (2) loss of appetite and loss of weight; (3) miI§
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age of forty but is not rare in younger people. Most often it develops
in the absence of pre-existing gastric discase. However, a few con-
ditions are regarded as precursors of gastric cancer, These include:
Gastric Ulcer.—Probably less than 5 per cent of the gastric ulcers
undergo malignant degeneration. Of greater importance is the fact
that benign and malignant gastric ulcers are often impossible to differ-

Fic. 64 —Types of gastric cancer according to thew gross charactenstics. I
evophytic polypoid cancer. 11, ulceratne-infiltrative cancer. I, infiltratnve-ulcera-
tave cancer. IV, diffuse infiltrative cancer (linitis plastica). ( After Borrmann.)

entiate except by microscopic examination. It is more hkely that
gastric ulcerations are either benign or malignant from their inception.

Gastric Polyps~Polyps of the st h are rare compared with
polyps of the colon, but gastric polyps are often malignant or are
found in association with gastric cancer.

Chronic gastritis—Some pathologists consider the atrophic form
of chronic gastritis to be a precursor of gastric cancer. The issue re-
mains a controversial one.

Pernicious Anemia.~The incidence of gastric cancer is said to be
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common. Proved dissemination to these areas indicates incurable
disease.

The clinical diagnosis is dependent, to a large degree, on x-ray
examination. The x-ray criteria of gastric malignancy include: (1) a
filling defect, (2) disturbed motility or delayed emptying and (3)
distortion of the mucosal pattern.

Gastroscopic examination is sometimes helpful when the x-ray
findings are inconclusive. There is, as yet, no widely available practi-
cal means whereby a biopsy specimen of the gastric mucosa can be
obtained through the gastroscope.

Laboratory studies may help to establish the diagnosis. The find-
ing of blood in the stool and the gastric washings will indicate the
presence of ulceration and the need for further investigation. Studies
of gastric secretion should be made. Histamine achlorhydria asso-
ciated with gastric ulceration points strongly to malignant disease,
but normal secretion does not rule out or decrease the lkelihood of
gastric cancer. Hypochlothydria may have no special significance.
It should be kept in mind that many normal individuals have an
anacidity to histamine stimulation, the incidence being about 30 per
cent in old age.

Cytologic studies of exfoliated cells present in the gastric aspirate
are occasionally diagnostic. However, the diffculties associated with
obtaining a satisfactory sample and with interpreting the cell changes
have limited the usefulness of this technic for the study of gastric
lesfons.

TrearMENT.~The only cures for gastric cancer have resulted from
radical gastric resection before the tumor has estended beyond the
operative field. There are no other effective measures. Unfortunately,
about half of all the patients with gastric cancer seen by surgeons
already have incurable disease. Patients who have proved advanced
incurable disease are not subjected to abdominal operation. Other
patients are simply explored, a biopsy specimen obtained, and the
abdomen closed. A few patients are subjected to palliative resection
or short-circuiting. The remaining patients, in whom a more favorable
situation is encountered, are subjected to radical operations with
some hope of cure.

The operation commonly performed for gastric cancer consists of
resection of the distal stomach, gastrohepatic and gastrocolic omenta
and regional lymph nodes. Often the spleen and a portion of the
pancreas are also removed. The operation is more extensive than, but
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indigestion, especially after meals; and (4) a bout of “flu” which
does not clear up.

The symptoms associated with cancer of the stomach appear when
there is interference with gastric function, outlet obstruction, extensive
ulceration, blood loss and anemia, and impaired nutrition. Then pro-

Fic. . N
watershed :

the stomas . - PPN . .
area, the porta hepatis, the subpylonc area, the greater curvature region and the
gastrosplenic area

tracted pain, vomiting, anorexia, weight loss, pallor and often an
abdominal mass appear.

Furthermore, there are no early physical signs of gastric cancer.
Not infrequently, marked weight loss, which the patient believes due
to “dieting,” may be the only indication for further investigation. With
progression of the tumor the patient’s condition deteriorates and the
late signs appear. Sometimes an area of epigastric fulness or a palpable
tumor is found. The liver is often enlarged and nodular, and there may
be ascites. Sometimes tumor implants are found in the umbilicus or
the pelvis (rectal shelf metastases). A spread to the lungs and the
left supraclavicular lymph nodes (sentinal or Virchow’s node) is
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otherwise similar to, that for peptic ulcer. In cases of high-lying gas-
tric cancer, total gastrectomy should be considered.

Palliative surgical measures include: partial gastric resection, gas-
trojejunostomy to by-pass an obstructed area and jejunostomy for feed-
g purposes. Palliative procedures in which the tumor is not removed
do not prolong the patient’s survival significantly. They may, how-
ever, give a measure of relief from pain and improved nutrition.

The mortality from gastric resection for cancer ranges between
5and 10 per cent. The five year survival (“cure” rate) averages about
10 per cent. In round figures, the results of treatment for all patients
with this disease may be summarized thus: Out of 100 patients with
gastric cancer, about 75 will have exploratory operations; of these, 50
will have a gastric resection with some hope of cure; approximately
5 will die postoperatively; and only 10 will be hving and well at the
end of five years. The outlook in gastric cancer is indeed grim.
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posed largely of fibrous tissue and the intrinsic vascular and nervous
elements of the bowel. (3) The muscular coat outside the submucosa
consists of an inner circular layer and an outer longitudinal layer.
These last two elements are responsible for muscle tonus and peristal-
sis. (4) The outer surface of the bowel is covered by the visceral
peritoneum.

The blood supply of the midgut is derived from the superior
mesenteric artery, the branches of which fan out into the mesentery
to form the jejunal and ileal arteries and the ileocolic and right colic
arteries. The veins follow the arteries and drain into the portal system,
Through this pathway much of the nutriment absorbed in the intestine
1s carried to the lver.

The intestine is richly supplied with lymphatics. Normally, fat is
conveyed in an emulsified state through the lacteals and lymphatics
to the thoracic duct and thence to the systemic circulation. The
lymphatic vessels of the bowel wall also communicate with the lymph
nodes of the mesentery and retroperitoneal area through a rich mesh-
work of channels.

The nerve supply of the midgut segment is derived from the
autonomic nervous system. Of some importance to the clinician is the
fact that visceral pain arising from any segment of the midgut is
characteristically referred to the midzone of the abdomen through
autonomic communications in the cord (T9 to L1).

Large volumes of fluid enter the jejunum from the stomach and
duodenum. The amount of digestive secretion alone is 8-10 L.
a day. Here the food and digestive secretions are mixed, digestion
begins, and the osmotic tension of the mixture is balanced with that
of the blood by the addition of jejunal secretion. As the mixture
moves into the ileum, foodstuffs are absorbed. When alterations in
conduction, secretion or absorption occur, the balanced activity of
the intestine is upset and nutrition is impaired.

Important disorders of the midportion of the alimentary canal
include: midgut volvulus and Meckel's diverticulitis, intestinal ob-
struction, regional ileitis, tumors of the small intestine, acute appen-
dicitis and cancer of the cecum and the right side of the colon.
Midgut volvulus and Meckel's diverticulitis are considered in Chapter
24, on Abdominal Conditions of Infants and Children, Cancer of

the cecum and right colon is discussed in Chapter 16, on The Lower
Alimentary Canal,



CHAPTER 15

The Midalimentary Canal

THE PORTION of the alimentary canal that extends
from the duodenal papilla to the midtransverse colon is derived from
the midgut embryologically. It is concerned with the conduction, dilu-
tion, digestion and absorption of foodstuffs. It includes the second,
third and fourth portions of the duodenum, the jejunum, the ileum
and the right half of the colon. The union between the small intestine
and the colon is marked by the ileocecal valve, which controls the
entrance of material from the small bowel into the cecum and nor-
mally prevents reflux into the small bowel.

The duodenum and the jejunum are continuous at the duodeno-
jejunal flexure. The duodenum measures about 25 em. in length and
1s covered by peritoneum on its anterior aspect only. The jejunum
(upper two fifths) and ileum (lower three fifths), which constitute
the remaming small intestine, are of variable length but average
about 7 m. (23 ft ). The juncture of the jejunal and ileal segments
is not distinguished by any definite anatomic structure; but the
jejunum is regularly thicker walled, larger mn diameter and more
richly supplied with blood vessels. The jejunum and ileum are sus-
pended by, and receive their blood, lymphatic and nerve supply
through, the small-bowel mesentery. The base or root of the mesen-
tery arises along an oblique line, 20 cm. m length, extending retro-
peritoneally from the left side of the second lumbar vertebra to the
1leocecal junction on the right.

The mtestinal wall consists of four layers. (1) The mucosa forms
a continuous inner lining, the absorptive surface of which 1s mcreased
by the presence of circular folds (plica circulares) and mnumerable
villi. (2) The submucosa, immediately beneath the mucosa, is com-
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posed largely of fibrous tissue and the intrinsic vascular and nervous
clements of the bowel. (3) The muscular coat outside the submucosa
consists of an inner circular layer and an outer longitudinal layer.
These last two elements are responsible for muscle tonus and peristal-
sis. (4) The outer surface of the bowel is covered by the visceral
peritoneum.

The blood supply of the midgut is derived from the superior
mesenteric artery, the branches of which fan out into the mesentery
to form the jejunal and 1leal arteries and the ileocolic and right colic
arteries. The veins follow the arteries and drain into the portal system.
Through this pathway much of the nutriment absorbed in the intestine
is carried to the liver.

The intestine is richly supplied with lymphatics. Normally, fat is
conveyed in an emulsified state through the lacteals and lymphatics
to the thoracic duct and thence to the systemic circulation. The
lymphatic vessels of the bowel wall also communicate with the lymph
nodes of the mesentery and retroperitoneal area through a rich mesh-
work of channels.

The nerve supply of the midgut segment is derived from the
autonomic nervous system. Of some importance to the clinician is the
fact that visceral pain arising from any segment of the midgut is
chamcteristx‘cally referred to the midzone of the abdomen through
autonomic communications in the cord (T9 to L1).

Large volumes of fluid enter the jejunum from the stomach and

duodenum. The amount of digestive secretion alone is 8-10 L.
a day. Here the food and digestive secretions are mixed, digestion
begins, and the osmotic tension of the mixture is balanced with that
of the blood by the addition of jejunal secretion. As the mixture
moves into the ileum, foodstuffs are absorbed. When alterations in
conduction, secretion or absorption occur, the balanced activity of
the intestine is upset and nutrition is impaired.
_ Important disorders of the midportion of the alimentary canal
include: midgut volvulus and Meckel's diverticulitis, intestinal ob-
struction, regional ileitis, tumors of the small intestine, acute appen-
dicitis and cancer of the cecum and the right side of the colon,
Midgut volvulus and Meckel's diverticulitis are considered in Chapter
24, on Abdominal Conditions of Infants and Children. Cancer of
the cecum and right colon 1s discussed in Chapter 16, on The Lower
Alimentary Canal.
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INTESTINAL OBSTRUCTION
As Coller said®:

If there is mechanical obstruction of the small bowel, the ideal time to
operate on the patient 1s before dehydration, before distention and before
infection occur. . . . Even though decompression is accomplished, it is much
better to carry out operative correction of the mechanical defect as soon as
the patient is in condition to withstand operation. When one 15 in doubt
concerning the patient seen carly with generalized colicky pain, nausea and
vomiting, even though he cannot make out the exact location of the obstrue-
tion he should advise operation.

GENERAL CONSIDERATIONS

Any condition which interferes with the normal forward motion of
bowel content results in intestinal obstruction. The obstruction may
be located either in the small or the large intestine; it may be in-
complete or complete; it may be chronic, subacute or acute; it may be
simple or complicated (e.g., strangulating, “closed loop”); or it may
be recurrent or established.

Intestinal obstruction is usually the result of one of three primary
disturbances: (1) mechanical blockage of the lumen, (2) reduced
or absent peristalsis due to neurogenic factors ( paralytic or inhibition
ileus) or (3) impaired circulation due to vascular occlusion,

Mechanical occlusion of the bowel is the most common cause of
intestinal obstruction. It results from abnormalities located within
the bowel lumen (intraluminal), within the bowel wall (intramural)
or outside the bowel wall (extraluminal). Once obstruction becomes
established, a variable degree of mterference with the neurogenic
and vascular elements of the bowel also develops. That is, in the later
stages of acute mechanical obstruction with distention, peristalsis is
reduced and blood flow to the bowel wall is impaired. Thus, elements
of both neurogenic and vascular origin are superimposed.

Reduced or absent peristalsis results from functional impairment
of the intrinsic or extrinsic a ic nervous hanisms. Some
degree of ileus occurs after abdominal operations from Jocal injury
to the bowel or peritoneum, as well as from peritonitis from any
cause, and also as a part of the physiologic response to any severe
injury. The reduction in peristalsis may be physiologic or pathologic,

*Coller, F. A,, and Buxton, R. W.: Acute obstruction of the small bowel,
J.AM.A. 140:135, 1949,
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according to the severity of the local or systemic insult to the bowel.

Circulatory impairment leads to ischemia and a reduction in all
bowel functions. The circulation may be cut off beyond the bowel
wall (extramural strangulation) from mesenteric thrombosis or em-
bolism, or from torsion of the mesentery (volvulus), or within the
bowel wall (intramural strangulation) as a result of prolonged dis-
tention. The ischemic segment represents an area of obstruction
despite the fact that the lumen is open, because bowel content cannot
be propelled distally.

High intestinal obstructions generally cause more serious dis-
turbance of bodily functions than low obstructions. The clinical pic-
ture is more acute, and deterioration is more rapid. This difference
relates to the relatively greater loss of electrolyte-rich fluid both into
the bowel and externally (vomiting) and to the unavailability of
the great absorptive surface below the obstruction. Unless the ob-
struction is relieved, dehydration, acid-base imbalance (usually acid-
osis}, hemoconcentration, shock and death occur.

Distention develops above the obstruction as a result of stasis
of bowel content. The material in the bowel consists of ingested food
and fluid, digestive secretions and gas. Interference with the normal
secretion-absorption functions of the mucous membrane results in
an accumulation of abnormal quantities of digestive secretions. Ab-
normal quantities of gas also appear above the obstruction. The main
source of gas, about 70 per cent, is swallowed air; about 20 per cent
of the gas is derived from the blood by duffusion; and the remainder,
10 per cent, results from bacterial fermentation.

Distention of the intestine is the most important single patho-
physiologic consequence of obstruction (Fig. 66), and it is often
the most difficult to control. The appearance of distention is followed
by a cycle of events which, if not interrupted, leads to death. Severe
intestinal distention is a self-perpetuating mechanism, causing pro-
gressive distention. The passage of fluid and gas is blocked, and the
absorption of fluid and gas is impaired by virtue of the distention.
Secretion from the bowel wall is augmented and motlity is inhibited
by the same mechanism. The blood, lymphatic and tissue fluid inter-
changed in the bowel wall is reduced by intramural vascular com-
pression, angulation and edema. The distention leads to: (1) meta-
bolic derangements (fluid, electrolyte, decreased blood volume. shoek

ete); (2) respiratory and cardiovascular derangements fr,om ini
creased intra-abdominal pressure; and (3) local changes in the bowel
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INTESTINAL OBSTRUCTION
As Coller said®:

If there is mechanical obstruction of the small bowel, the ideal time to
operate on the patient is before dehydration, before distention and before
infection occur. . . . Even though d pression is phshed, 1t is much
better to carry out operative correction of the mechanical defect as soon as
the patient 15 in condition to withstand operation. When one is in doubt
concerning the patient seen early with generalized colicky pain, nausea and
vomiting, even though he cannot make out the exact location of the obstruc-
tion he should advise operation.

GENERAL CONSIDERATIONS

Any condition which interferes with the normal forward motion of
bowel content results in intestinal obstruction. The obstruction may
be located either in the small or the large intestine; it may be in-
complete or complete; it may be chronic, subacute or acute; it may be
simple or complicated (e.g., strangulating, “closed loop”); or it may
be recurrent or established.

Intestinal obstruction is usually the result of one of three primary
disturbances: (1) mechanical blockage of the lumen, (2) reduced
or absent peristalsis due to neurogenic factors (paralytic or inhibition
1leus) or (3) impaired circulation due to vascular occlusion.

Mechanical occlusion of the bowel is the most common cause of
intestinal obstruction. It results from abnormalities located within
the bowel lumen (intraluminal), within the bowel wall (intramural)
or outside the bowel wall (extraluminal). Once obstruction becomes
established, a variable degree of interference with the neurogenic
and vascular elements of the bowel also develops. That is, in the Jater
stages of acute mechanical obstruction with distention, peristalsis is
reduced and blood flow to the bowel wall is impaired. Thus, elements
of both neurogenic and vascular origin are superimposed.

Reduced or absent peristalsis results from functional impairment
of the intrinsic or extrinsic autonomic nervous mechanisms. Some
degree of ileus occurs after abdominal operations from local injury
to the bowel or peritoneum, as well as from pentonitis from any
cause, and also as a part of the physiologic response to any severe
injury. The reduction in peristalsis may be physiologic or pathologie,

*Coller, F. A., and Buaton, R. W.: Acute obstruction of the small bowel,
J.AMA. 140:135, 1949.
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Mechanical obstructions usually require surgical treatment; neuro-
genic abstructions, nonsurgical treatment; and obstructions resultitg
from vascular impairment, excision of the damaged bowel. In all
types of intestinal obstruction, it is essential that the metabolic dis-
turbances be corrected promptly and that the adverse effects of dis-
tention on ventilation and circufation be minimized.

CuinicAL CONSIDERATIONS

The treatment of early simple intestinal obstruction should not
be difficult and the mortality should be low; the treatment of late
cases is often complicated and the mortality is high. The key to
successful management lies in early diagnosis and treatment. Intestinal
obstructions are generally emergencies.

Intestinal obstruction should be considered in every patient in
whom abdominal pain is the chief complaint. Often this diagnosis
can be ruled out or established without too much difficulty. Errors
in diagnosis result when the possibility of intestinal obstruction is
overlooked or when complications of obstruction, which are usually
the result of delay, cloud the clinical picture.

The first question that must always be considered—and answered—
is: “Does the patient have intestinal obstruction? Other questions
may or may not be answered immediately, but failure to answer
these does not preclude operation. Such questions are: “What is the
cause of the obstruction?” “Where is the obstruction?” “Is the obstruc-
tion complete or incomplete?” “Is it simple or strangulating?”

To further clanfy this powmt, it can be said that operation for
mtestinal obstruction may properly be undertaken without a precise
knowledge of its cause, location, completeness and complications. To
some extent, these factors may be predicted from the clinical findings,
but definite answers to the problem often depends on abdominal
exploration. In this regard, the more one attempts to establish a
precise diagnosis by delaying definjtive treatment, the more likely it
is that the patient will be harmed.

SYMPTOMS AND SIGNS

Abdomingl pain is the outstanding symptom. It is characteris-
tically severe, poorly localized, colicky and intermittent,

. The pain
may be slight at onset but becomes more severe as time p: P

ASSes.
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wall from ischemia, including edema, ulceration of the mucous mem-
brane, necrosis of the bowel wall, and infection, perforation and
peritonitis,

Much has been written about a “toxic” factor in advanced in-
testinal obstruction, Presumably there exist certain products of
bacterial growth or tissue breakdown which enter the circulation

Intestinal
Obstruction

Accumulation

of Fluid & Gas
{stasis)
Distention
of bowel
Loss of Intramural
tlud from vascular
bowel wall compression
Dehydration Failure of
Electrolyte depletion intramural
Acid -base imbalance circulation
Hemoconcentration {strangulation)
Shock & /

Guculatary failute

Fic. 66.—Pathophysiology of mtestinal obstruction.

through the bowel or through peritoneal absorption when the bowel
wall becomes nonviable. The exact nature of these substances is un-
known, but certain enzymes and hemoglobin derivatives have been
incriminated. It has been demonstrated that the onset of the “irre-
versible” shock of advanced intestinal obstruction can be delayed
by the administration of broad-spectrum antibiotics, either locally
into the bowel or systemically.

This vicious cycle of events which follows obstruction can be
prevented by removing the obstruction and by preventing or reliev-
ing distention, or by the combined relief of obstruction and distention.
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bladder, the urinary tract and the female pelvie organs may resemble
intestinal obstruction, In addition, perforated peptic ulcer, which
is common, and acute pancreatitis, which is uncommon but casily
missed, should also be considered. These conditions are considered
in Chapter 21, on Acute Surgical Conditions of the Abdomen.

Causks oF MEecuaxicaL QusTRUCTION

Qeclusion of the intestinal lumen may result from something
which blocks the lumen from within, from something which narrows
the bowel wall or from something which compresses the bowel from
without. There are obviously innumerable causes of intestinal ob-
struction, and it hardly scems necessary for the student to memorize
such a list. Instead, if the student considers the location of obstruc-
tions with respect to the bowel wall, and the origin of various con-
ditions which cause obstruction, he will be able to devise a list.
The usual bases for all pathologic processes are: congenital and
acquired defects, inflammatory and infectious conditions, benign and
malignant diseases and, in the case of hollow organs, obturation or
blockage from within, as from a foreign body.

The majority of acute intestimal obstructions in the adult are
the result of strangulated hernia, mntraperitoneal adhesions and neo-
plastic discases inside or outside the bowel (primary or secondary).
Obstructions in infancy are due to developmental defects, such as
stenosis or atresia, malrotations, congenital megacolon and imper-
forate anus. In childhood, obstructions may be the result of intus-
susception, volvulus, Meckel's diverticulum, appendicitis, etc.

The most frequent causes of intestinal obstruction are:

MecHANICAL OccLusion

Adults Infants and Children
Most common:
Strangulated herma Congenital atresia and stenosis
Perttoneal adhesions Imperforate anus
Tumors, benign and mal! of bowel Mal i
and other abdominal organs 1 ion, usually 1), li

Megacolon (Hirschsprung’s disease))
Less common:
Volvulus, usually sigmord
Gallstone obturation
Intrapenitoneal abscesses
Fecal impaction
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Vomiting occurs shortly after the pain in high obstructions, usually
later in low obstructions. It 1s often absent in large-bowel obstructions.
Imtially the vomutus consists of stomach contents and bile; later 1t
may become fecal-like in appearance and odor.

Distention of the bowel eauses distention of the abdomen, In high
obstructions there may be distention of only a short segment of bowel
and no apparent abdominal distention. In low obstructions some de-
gree of abdominal distention is regularly found.

Obstipation or constipation are symptomatic. One or more bowel
movements may follow the onset of obstruction; obstipation follows if
the obstruction is complete. Constipation is usual with incomplete
obstruction, but the absence of this symptom does not exclude this
diagnosis.

Hyperactive peristalsis is also a symptom. In mechanical obstrue-
tions there is exaggerated bowel activity above the obstruction. The
abdomen becomes noisy and borborygmi are heard, On auscultation,
there will be peristaltic rushes and rumbles, often with a metallic
tinkling quality, which are synchronous with colic. If looked for,
visible peristalsis is often observed.

X-ray scout films are often diagnostic. The bowel loops above
the block are distended with gas and fluid. In the upright film, “fuid
levels” are found. The small bowel may be arranged in a stepladder
fashion. Usually the folds of mucous membrane of the upper small
bowel (plica circulares) are prominent. The colon is distinguished
by its haustral markings and the distnbution of the distended bowel.

The vital signs (temperature, pulse, respiration) are not signifi-
cantly altered in the early stages of simple intestinal obstruction. In
advanced obstruction with local and systemic changes, alterations
occur. There is slight fever and tachycardia. The respiratory rate
nises by virtue of impaired ventilation or acidosis, or both, The urne
becomes concentrated, is acid in reaction and contains ketone bodies
as a result of starvation. Hemoconcentration occurs and leukocytosis
develops.

DIFFERENTIAL DIAGNOSIS

Mechanical obstructions of the small intestine often simulate other
acute conditions of the abdomen. The conditions most likely to be
confused are those in which pain (colic) of smooth-muscle origin is
the outstanding symptom. Thus, diseases of the appendix, the gall-
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pected complication of acute intestinal obstruction. Directly or
indirectly, it is the cause of most deaths from obstruction, It can be
produced by incarceration of the bowel in the neck of a hernial sac,
by twisting of the bowel upon its mesentery (volvulus) or by fixation
of a loop by an adhesive band. The mesenteric circulation is blocked,
and tissue necrosis follows. The necrotic area is penetrated by bac-
teria, and localized or diffuse peritomitis develops. The necrotic seg-
ment becomes purple or black and may rupture if the patient lives
long enough.

Possible strangulation of the bowel should be considered in every
patient with acute intestinal obstruction, and special weight should be
given to this possibility if there is long-standing obstruction. The
signs which point to strangulation are: (1) sudden, severe and
continuous abdominal pain; (2) severe localized abdominal tender-
ness, often with a palpable sausage-like loop of bowel; (3) muscle
spasm or other evidence of peritoneal irritation, (4) absence of
peristalsis on auscultation; (5) a severe systemic reaction, often in-
cluding shock out of proportion to what is usually encountered; and
(6) a poor response to supportive treatment.

TREATMENT

Management of the patient with intestinal obstruction requires
careful evaluation of the individual problem with respect to the local
and systemic changes, good clinical judgment, good timing and skil-
ful application of surgical and supportive measures.

The objectives of treatment are: (1) to relieve the obstruction at
the earliest time, consistent with safety to the patient; (2) to relieve
distention of the howel as completely and rapidly as possible; (3) to
restore fluid, electrolyte and hemodynamic balance; and (4)' to
prevent or treat infection

A short period of preoperative preparation is usually necessary.
The upper gastrointestinal tract should be emptied by means of naso-
gastric suction. Intravenous electrolyte-containing fuids (including
potassium) should be administered. The bladder should be emptied.
Morphine or related drugs should not be administered until the
diagnosis has been established and treatment has been outlined, The
necessary x-rays (usually flat and upright films of the abdomen) can
be obtained before or after institution of the foregoing measures,
depending on the patient’s condition. ’
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Repucep PenistTaLsts {paralytic or inhibition ileus)
Operative trauma
Pentonitis
Severe injuries, all types
Severe infections, all 4y pes
IntraReED CmmcuraTioN (strangulation of vascular supply)

Mesenteric artery or vein thrombosis
Mesentenc artery embolism

The clinical history, physical findings and x-ray studies may
suggest the cause and location of the obstruction. For example: Ob-
structions in the neonatal period are almost all due to errors in
development. Obstructions appearing before the age of two years
are commonly the result of intussusception, the clinical picture of
which is quite characteristic. Obstructions caused by strangulation
in a hemia are usually apparent. Obstructions which result from
intraperitoneal bands are almost always associated with an old or new
operative scar. Obstructions due to tumors are likely to be associated
with evidence of chronic illness if malignant, or a palpable mass or
known pelvic disease. Gallstone obturation, which is uncommon and
often missed, follows an acute exacerbation of gallbladder disease.

The general location of the obstruction may be suggested by the
severity of the symptoms, which tend to be inversely related to the
length of the obstructed segment. The degree of abdominal distention
bears a direct relationship to the length of distended bowel and may
be correlated with the distribution, number and appearance of dilated
loops seen on the x-ray films. From these observations it is usually
possible to conclude that the obstruction lies either high or low
in the small bowel or in the colon. Barium studies of the colon are
helpful if large-bowel obstruction is suspected. Barium should not be
given by mouth to patients with acute intestinal obstruction.

The question as to whether the obstruction is complete or incom-
plete is frequently not answerable immediately and may, in fact, be
of academic nterest only. Under conditions of established intestinal
obstruction the treatment is surgical, regardless of the completeness
of the block. When the clinical picture is one of intermittent obstruc-
tion, with borderline signs and without cessation of gas and feces by
way of the rectum, there is a place for nonoperative treatment by
tube decompression. This condition is often encountered in patients
with recurrent obstructions due to intrapentoneal adhesions.

Strangulation of the bowel is a dangerous and sometimes unsus-
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pected complication of acute intestinal obstruction. Directly or
indirectly, it is the cause of most deaths from obstruction. It can be
produced by mcarceration of the bowel in the neck of a hernial sac,
by twisting of the bowel upon its mesentery (volvulus) or by fixation
of a loop by an adhesive band. The mesenteric circulation is blocked,
and tissue necrosis follows. The necrotic area is penetrated by bac-
teria, and localized or diffuse peritonitis develops. The necrotic seg-
ment becomes purple or black and may rupture if the patient lives
long enough.

Possible strangulation of the bowel should be considered in every
patient with acute intestinal obstruction, and special weight should be
given to this possibility if there is long-standing obstruction. The
signs which point to strangulation are: (1) sudden, severe and
continuous abdominal pain; (2) severe localized abdominal tender-
ness, often with a palpable sausage-like loop of bowel; (3) muscle
spasm or other evidence of peritoneal irritation; (4) absence of
peristalsis on auscultation; (5) a severe systemic reaction, often in-
cluding shock out of proportion to what is usually encountered; and
(6) a poor response to supportive treatment.

TREATMENT

Management of the patient with intestinal obstruction requires
careful evaluation of the individual problem with respect to the local
and systemic changes, good clinical judgment, good timing and skil-
ful application of surgical and supportive measures.

The objectives of treatment are: (1) to relieve the obstruction at
the earliest time, consistent with safety to the patient; (2) to relieve
distention of the bowel as completely and rapidly as possible, (3) to
restore fluid, electrolyte and hemodynamic balance; and (4) to
prevent or treat infection.

A short period of preoperative preparation is usually necessary,
The upper gastrointestinal tract should be emptied by means of naso-
gastric suction. Intravenous electrolyte-containing fluids (including
potassium) should be admunistered, The bladder should be emptied.
Morphine or related drugs should not be administered until the
diagnosis has been established and treatment has been outlined. The

necessary x-rays (usually flat and upright flms of the abdomen) can
be obtained before or after institution of the foregoing measures,
depending on the patient’s condition. ’
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The type of operation required will depend on the nature of
the obstruction. The operation should be as direct and atraumatic as
possible, yet extensive enough to relieve the obstruction. In obstruc-
tion due to a single adhesion (Fig. 67), the operation may be simple;
if strangulation is encountered, the operation is more difficult, All
necrotic bowel must be removed and bowel continuity re-established.
Deperitonealized areas should be covered over, if possible.

The operation can be performed under either spinal or general

Fic. 67.—Acute intestinal obstruction due to pentoneal adheston or band
{photograph taken at operation ). Note the long fibrous band which fived and angu-
lated the bowel at the site of previous hysterectomy. The bowel above the point of
obstruction is marhedly distended with flurd and gas; the bowel below is of normal
size.,

anesthesia. The pomnt of obstruction is located by identifying the
distal collapsed small bowel and following 1t upward. Distended
bowel must be handled with great care because it is torn easily, in
which case peritoneal soiling occurs. Nonviable bowel is recogmized
by 1ts color (purple or black), absence of peristalsis, failure to gain
its normal color after release of circulation and lack of pulsations in
the arteries.

Suction-decompression is a useful method for treating intestinal
distention. It may be the sole measure required for patients with
partial or intermittent obstruction. It is an important adjnctive
measure in the treatment of all patients before and after operation.
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Suction-decompression is accomplished by the introduction of a rub-
ber or plastic nasogastric tube (Fig. 65, A) or long intestinal tube
(Fig. 63, B) to which a continuous source of negative pressure is
applied. The Wangensteen suction device is commonly used. Such
a system removes fluid and gas above the obstruction and decreases
or prevents distention. Because much of the fluid and salt removed is
important to body economy, these substances must be replaced
through parenteral routes.

The long intestinal tube is designed to enter and effect decom-

Ry
e

Fic. 68.—Technics of dec ion of upper gast ] tract. A, naso-
gastric tube aspiration B, long intestinal tube aspiration. C, operative enterostomy
{a Witzel type tube 3s 1l d, altt

h this procedure 1s infrequently
used today).

pression of the small bowel. Several types of long tubes are available.
Probably the most widely used is the single-lumened Cantor tube.
Attached to 1ts tip is a rubber bag containing mercury, which aids
passage of the tube into the duodenum and small bowel. The tube
is introduced through the nose into the stomach and is then carred
by peristalsis into the small bowel. Passage may be delayed or pre-
vented at the pylonic barrier, usually, however, the tube enters the
duodenum within four to six hours and progresses downward as
decompression occurs. This device must be used with greatest care,
It is not a substitute for operation, nor should it be L;sed to d
an indicated operation.
than good

Operative enterostomy {Fig. 68, C)
sion technic now rarely used.

) * ela;
In jnexperienced hands it may do more ham)‘n,

is a third form of decompres-
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The type of operation required will depend on the nature of
the obstruction. The operation should be as direct and atraumatic as
possible, yet extensive enough to relieve the obstruction. In obstruc-
tion due to a single adhesion (Fig. 67), the operation may be simple;
if strangulation is encountered, the operation is more difficult. Al
necrotic bowel must be removed and bowel continuity re-established.
Deperitonealized areas should be covered over, if possible.

The operation can be performed under either spinal or general

Fic 67.—Acute intestinal obstruction due to pentoneal adhesion or band
( photograph taken at operation). Note the long fibrous band wluch fixed and angu-
lated the bowel at the site of previous hysterectomy. The bowel above the pomt of
obstruction 1s markedly distended with fluid and gas, the bowel below is of normal
size.

anesthesia. The point of obstruction is located by identifying the
distal collapsed small bowel and followmng it upward. Distended
bowel must be handled with great care because it is torn easily, n
which case pentoneal sotling occurs. Nonviable bowel is reccgnfled
by its color (purple or black), absence of penstalsis, failure to gain
its normal color after release of circulation and lack of pulsations mn
the arteries.

Suction-decompression is a useful method for treating intestinal
distention. It may be the sole measure required for patients with
partial or intermittent obstruction, It 1s an important adjunctive
measure in the treatment of all patients before and after operation.
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possible and operation becomes necessary to establish the diagnosis.

Chronic Diarrhea Resembling Ulcerative Colitis.~The symptoms
are those of chronic enteritis, with anemia, weight loss, recurrent
attacks of abdominal pain, nausea, vomiting and diarrhea.

Clhironic Intestinal Obstruction—Edema and fibrosis produce
narrowing of the intestinal lumen; and the narrowing is often en-
hanced by angulation, fixation and fistula formation. This leads to
mechanical blockage of varying degree and signs of intermittent or
partial intestinal obstruction,

Botwel Fistulas~Fistulas result from ulceration, perforation, ab-
seess formation and erosion of contiguous structures. Fistulous tracts
may be internal (communicating with another hollow organ) or ex-
terna), to the abdominal wall. A persistent abdominal fistula following
appendectomy suggests the possibility of regional ileitis.

DirFERENTIAL DiAcnosis

During the acute phase of regional ileitis it may be impossible to
exclude acute appendicitis without operation. In the chronic stage,
the diagnosis is often suspected from a history of repeated bouts
of abdominal pain, disturbed bowel function, a palpable thickened
loop of bowel or an abdominal fistula. Regional ileitis may masquer-
ade as “chronic appendicitis,” ulcerative colitis, diverticulitis, amebic
dysentery or carcinoma. Diagnosis is established by x-ray studies of
the small bowel (progress meal). The “string sign” is indicative but
not pathognomenic of regional ileitis. This finding is represented by
a narrowed segment of bowel which contains a thin stream of barium,
resembling a piece of string.

TREATMENT

There is no well-established form of treatment for regional ileitis.
Failures occur with both medical and surgical measures. There is
much to be said in favor of nonoperative treatment when complica-
tions do not pose a problem. In some instances of acute regional
ileitis, spontaneous healing probably occurs. In the chronic stages,
resection of the diseased segment or segments often becomes neces:
sary. Because the possibility of recurrence and the need for sub-
sequent resections always exists, there is danger that radical treatment
may ultimately leave the patient with insufficient small bowel to
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REGIONAL ILEITIS

Crohn and his asociates first described the condition as a separate
disease entity (1932) in the following words: “A disease of the ter-
minal portion of the ileum, affecting mainly young adults, character-
ized by disproportionate connective tissue reaction in the remaining
walls of the involved intestine, a process which frequently leads to
stenosis of the lumen associated with the formation of multiple
fistulae.” ® Actually, little has been added to the knowledge of this
disease since Crobn’s original studies. The cause of the disease is
unknown, but it has many features which suggest an infectious
etiology.

Although the terminal ileum is most commonly involved, any
portion of the small bowel, and in some instances portions of the large
bowel, may be involved. Sometimes there is more than one diseased
segment, with intervening normal or “skip” areas. The disease tends
to be chronic with exacerbations and partial remissions, As the disease
progresses, complications develop which require surgical treatment.

The distinguishing pathologic characteristics of regional ententis
are as follows: (1) In the early stages the serosa is inflamed and the
bowel wall is edematous. (2) Later there is thickening and hyper-
trophy and the bowel wall becomes rigid and fibrotic. The lumen
is also narrowed. (3) Ulceration of the mucosa and perforation are
followed by the formation of fistulas between the bowel and sur-
rounding structures. (4) The mesentery is thickened, edematous and
contains many large, soft lymph nodes. R

CurinicaL PICTure

The disease is usually encountered in patients twenty to forty
years of age. The following four patterns of regional ileitis are
recogmzed:

Acute Abdominal Complaints Resembling Appendicitis.—Pain may
be localized to the right lower quadrant, but 1t is more often diffuse
Vomiting and bowel disturbances are common. Abdommal tender-
ness and muscle spasm appear, depending on the extent of mvolve-
ment. Fever and leukocytosis may be expected. The disease may
mimic acute appendicitis so closely that differentiation becomes im-

® Crohn, B. B., Ginzb L., and O] Y; G. D.: 1 iletis: A
pathologic and clinical entity, J.AM.A 99:1323, 1932,
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skin with cardiac failure, due to excessive circulating serotonin pro-
duced by hepatic metastases from carcinoid tumors of the small
bowel or colon.

APPENDICITIS

Acute appendicitis is the most common acute surgical condition
of the abdomen, accounting for about 60 per cent of all emergency
laparotomies. It occurs in both sexes and at all ages, but with greatest
frequency in the second and third decades of life. The clinical picture
may be clear-cut and diagnosis may be simple; but oftentimes, and
especially in the very young and the very old, recognition is difficult.
Diagnosis may be difficult because the history is incomplete or unob-
tainable, because the symptoms and signs are “atypical,” because the
local and systemic reactions are so severe or so mild that the true
orign of the disease is obscured or because delay and misdirected
treatment have fogged the picture so that the complications of
appendicitis, rather than the primary disease, is treated.

In the past, cathartics bave commonly been given for acute
abdominal pain. Fortunately, this practice is decreasing. The dangers
inherent in a policy of cathartics and delay in appendicitis have been
emphasized and re-emphasized to the public and the profession alike.
The knowledge of these dangers, together with the wide availability
of trained physicians who understand the urgent nature of appendi-
citis as well as the effectiveness of early surgical treatment, has
resulted in a striking decrease in the mortality from this disease and
its complications.

Appendiaitis usually appears suddenly in an otherwise healthy
person. In about 80 per cent of instances an obstruction to the appen-
dical lumen can be shown to be the itiating cause. The obstruction
may be due to a fecal concretion (fecalith), an adhesive band or
kink, parasites such as pinworms, submucosal lymphoid hyperplasia
or a tumor of the appendix or the cecum. When appendicitis follows
in the wake of an acute infection such as a “cold,” the “flu,” tonsil-
litis or an exanthem, it is likely that a diffuse reaction of the reticulo-
endothelial system, including these elements of the appendiy, sets the
stage for appendical obstruction and infection.

When the appendical lumen becomes blocked, a “closed Toop”
gbstrucncn is produced and a vicious cycle of events is initiated (Fig.
70}, which, unless relieved, leads to appendical necrosis and peri-
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mamntain health. As an alternative, the diseased bowel may simply
be by-passed and left in situ, by establishing an enterocolostomy.
This is a more conservative approach and is advocated by many
surgeons.

TUMORS OF THE SMALL BOWEL

Primary tumors of the small intestme are rare. The most frequent
bemgn tumors are the adenomas, bromas, leiomyomas and lipomas.
The most frequent malignant tumors are the adenocarcinomas, sar-
comas, lymphomas and carcinoids.

There are no constant early symptoms of intestinal tumors, Ulcer-
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Fic. 69.~Spotty pigmentation of the lower lip, as well as of the oral mucous
membrane, in a 9 year old child with multiple polyps of the small bowel (Peutz-
Jegher's syndrome)

ation and hemorrhage may result in unexplained anemia. Intermittent
signs of intestinal obstruction occur as the tumor enlarges or as it
contracts and blocks the lumen Pedunculated tumors may produce
intussusceptton The diagnosis of tumor should be suspected if other
causes for disturbed bowel functon have been excluded X-ray studies
may support the diagnosis, but final diagnosis usually requires abdom-
inal exploration,

Two rare intestmal tumors which are associated with interestmg
clinical findings should be mentioned. The first is the genetic-linked
syndrorae of imtestinal polyposis and spotty (melanin) pigmentation
of the lips and oral mucous membrane (Peutz-Jegher's syndrome,
Fig. 69). The second is the syndrome of intermittent flushmg of the



Fic., 71.—Common sites of tension gangrene of hollow organs, produced by
obstruction, distention, ischemia and infection. A, acute obstructive cholecystitis
due to a stone unpacted m the neck of the gallbladder. B, acute small-bowel ob-
struction due to peritoneal adhesions. C, acute large-bowel obstruction due to can.
cer of the sigmoid with competent ileocecal valve {“closed loop™ obstruction). D,
acute obstructine dicitis due to fecal . {After Saint, J. H.: Acute
cholecystitis and 1ts rational treatment, Surg , Gynec. & Obst. 75:323, 1942))
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Fic 70.—Pathogenesis of acute obstructive appendicitis wath rupture and pert;
tonitis. A, fecalith in the appendical lumen. B, obstruction to lumen (“closed loop
type) and stasis of fecal material containing virulent pathogenic orgamsms. C, mu-
cus, eaudate and products of bactertal growth collect and produce inflammation.
D, intraluminal tenston mounts, i 1 vascular Jation occurs ard gan-
grene with perforation of the appendical wall follows, Pentonutis ensues.

tonitis. The completeness of the obstruction and the severity of the
wfection, rather than its duration, will determine the gravity of
the process.

The sequence of events in appendical obstruction may be tabu-
lated thus:

Appendical obstruction

Intraluminal distention

Increased secretory activity (of the mucous membrane)

Interference with the venous, lymphatic and arterial flow

Impaired viability and increased permeability of the appendical wall
Bacterial growth and invasion

Necrosis and tension gangrene (Fig. 71)

Perf usually anti 10 in location

Peritonitis, local or diffuse
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and peritonitis in 4 matter of eight to twelve hours. In others, it is
mild, remitting or “grumbling” and persistent over a period of several
days. Not infrequently, appendicitis clears spontaneously, but this
is not always predictable. Between these two extremes are many
patients with appendicitis who exhibit more or less the classic pattern,
to be described below.

A history of previous attacks of abdominal pain suggestive of
appendicitis is often elicited and may serve to reinforce the diagnosis.
One must keep in mind that the course of appendicitis may be modi-
fied by treatment with antibiotics, cathartics and possibly enemas.
Analgesics, especially morphine, will also cloud the physical signs
and make assessment more difficult.

CLINICAL CONSIDERATIONS

It is well to consider any acute abdominal pain which persists for
six hours or more as due to appendicitis unti} proved otherwise.
Commonly the symptoms follow a definite sequence. First there is
periumbilical or epigastric pain, which may be intermittent and
colicky in nature This is followed by nausea and often vomiting. The
patient may vonut once or twice, but vomiting is generally not severe
or protracted. Within a few hours the patient complains of pain
m the right lower quadrant and there is tenderness on pressure over
this region. As the inflammatory process develops, 1 moderate systemic
reaction, manifested by a slight rise in body temperature and elevation
in the polymorphonuclear cells in the blood, appears,

The physical signs will depend on the stage of the disease.
Early in the course of appendicitis there may be few, if any, signs; but
soon there will be localized right lower quadrant tendemess, muscle
guarding or rebound tenderness. Occasionally, fulness of the cecum
or an ill-defined mass may be detected. The mass is usually formed
by the inflamed appendix cavered by the greater omentum. As the
local reaction progresses over a period of hours or days, the mass
may become more definite, tendemess and muscle spasm may in-
crease, the bowel sounds disappear, and the systemic reaction
becomes more severe.

In advanced appendicitis with extra-appendical extension, the
patient will exhibit signs of local or diffuse peritonitis, including
ngidity of the abdominal muscles, distention, absence of bowel
sounds, protracted vomiting, fever and dehydration.
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The resident bacteria of the cecum and appendix are responsible
for the infection. The main pathogens are streptococei (enterococei),
staphylococci, coliform organisms and gas-producing anaecrobes, The
local defense mechanisms may confine the infection to the vicinity
of the appendix itself, with the formation of a periappendical abscess;
or the protective reaction may be too little and too late, in which
case diffuse peritonitis results.

The base of the appendix arises (Fig. 72) from the medial aspect
of the cecum at the point of convergence of the three longitudinal

Fic. 72.—Relationslip of termmal ileum, cccum and appendix. The xl'eucohc
artery, a branch of the supenor mesenteric artery, 1s the source of blood to this area.
Note that the appendix 1s continuous with the antenor taensa coli.

muscle bands of the colon (taenia coli). The tip of the appendix
may lie in any position with respect to the cecum, anterior abdominal
wall, retroperitoneal coverings, right upper quadrant or pelvss, de-
pending on the length of the appendix. It is of some help, climeally,
to think of this area in terms of three dimensions in order to under-
stand the possible locations of the appendix and how position may
influence the signs and symptoms in appendicitis. Suffice it to say
that inoumerable variations are concewvable and that the findings at
operation can often be correlated with the clinical picture.

The course of appendicitis varies from patient to patient. In
some patients, the course 1s rapid and fulminant, leading to rupture
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the process may have progressed past the stage of appcndica! obstruc-
tion or that there may be some other cause for the abdominal pain.
High fevers are unusual early in the course of acute appendicitis ex-
cept in children. A history of a chill is against the diagnosis of uncom-
plicated appendieitis. However, invasive infection of the portal vein
(pylephlebitis), which is a rare complication of appendicitis, may be
heralded by fever and chills.

7. The total white blood cell count is variable, but averages
about 12,000, There is commonly an increase in the polymorpho-
nuclear cells, ranging from 70 to 90 per cent. In advanced appendicitis
there is a moderate to marked increase in these values, It must be
recalled that the blood findings are nonspecific and must always be
interpreted with respect to the total clinical picture.

8. The urine is normal except when the inflamed appendix lies
near the ureter or bladder. Under these conditions, pus cells and
red blood cells may appear in the urine.

9. X-ray studies are of differential diagnostic value only. Usually
they are not needed. When acute intestinal obstruction, acute chole-
cystitis, acute perforated peptic ulcer or ureteral colic are under
consideration, scout films of the abdomen should be obtained.

10. A short period of observation with periodic examination
and/or consultation may be required when the diagnosis is in doubt.
Often, the issue can be settled only at operation.

DiFFERENTIAL D1IAGNOsIS

Acute appendicitis must be differentiated from a number of
medical and surgical conditions. Many of these conditions are to be
described in Chapter 21, on Acute Surgical Conditions of the Abdo-
men. It seems desirable, however, to review briefly some of the con-
siderations which pertain to acute appendicitis,

Although acute pulmonary and cardiac conditions may mimic
appendicitis, they can usually be distinguished by the careful physi-
cian. It should be re bered that appendicitis and cardiac or pul-
monary disease {or any other condition) may be coexistent. Acute
coronary thrombosis and acute lobar preumonia (right lower lobe)
must be considered in all patients with abdominal pain. The history,
physical findings and, if indicated, x-ray and electmairdiogmphi;
studies will usually establish the diagnosis. An unnecessary operative
procedure carried out in the face of an unrecognized coronary throm-
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Several diagnostic points need emphasis:

1. The initial pain in appendicitis is usually located in the mid-
abdominal zone, is ill-defined and tends to be colicky. The pain 1s
similar to visceral pain of midgut origin from any cause, whether
due to “green apple colic,” small-bowel obstruction or acute regional
enteritis, The pain and tenderness in the right lower quadrant which
appears later is the result of peritoneal irritation from inflammation.
The midabdominal pain usually disappears when localization in the
nght lower quadrant occurs.

2. The subsequent pain and tendemess is referred to McBurmney's
point. The patient will often indicate this region in response to the
request to “point with one finger to where the pain is greatest”
McBumney’s point is located one-third the distance from the right
anterosuperior iliac spine on a line drawn from the diac spine to
the umbulicus.

If one appreciates the numerous variations in the normal position
of the appendix, he will understand that McBumey's point will not
always be the site of maximum pain and tendemess.

3. Involuntary muscle spasm (rigidity) of the abdominal muscles
is a protective reflex incited by parictal peritoneal irritation. The
degree of muscle spasm can be gauged by comparing the muscle
tone on the right side of the abdomen with that on the left. Spasm
n other muscles is also observed. The inflamed appendix may lie
near the right iliopsoas or the right obturator internus. Spasm of the
psoas is indicated by pain and decreased motion when the thigh
is eatended. Spasm of the obturator is indicated by pain and re-
stricted internal rotation of the thigh when it is flexed on the abdo-
men. When muscle spasm exists, the patient will usually stoop slightly,
walk with a limp and lie with the right thigh flexed.

4. Rebound tendemess is also a sign of peritoneal irritation. In
the absence of abdominal muscle spasm, it indicates deep or visceral
peritoneal involvement. It is elicited by applying gentle, steady pres-
sure locally, then releasing the pressure suddenly. These manipulations
are painful and should be done with the least possible discomfort
to the patient. They should not be repeated except for good reason.

5. Rectal tenderness high on the right is common. When the
appendix lies in the pelvis, a mass may be palpable. Rectal examina-
tion should be a routine part of the physical examination of all
patients complaining of abdominal pain.

6. When the body temperature exceeds 102° F., consider that
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may be necessary to establish the diagnosis of ureteral obstruction.

Certain acute conditions of the female pelvic organs are often
most difficult to differentiate from acute appendicitis. This is true
especially when the appendix lies in close proximity to these struc-
tures. Most of the difficulties concern acute salpingitis, rupture of an
ovarian follicle, ruptured ectopic pregnancy and ovarian cyst with
a twisted pedicle. The gynecologic history and examination will
usually indicate the pelvic organs to be the site of an inflammatory
process. In tubal pregnancy with rupture, a missed menstrual period,
a history of vaginal bleeding and signs of internal hemorrhage to-
gether with signs of early pregnancy suggest the correct diagnosis.
In these conditions, operative treatment will usually be indicated.

From the standpoint of dufferential diagnosis, the conditions
which simulate appendicitis may be classified into three groups,
according to the role of operative treatment in their management:

1. Operation Contraindicated
Lobar coronary thromt acute itis

11. Operation Contraindicated but Not Necessanly Harmful
Bc ' T .

Us *»

FEMaLe PELVIC Orcans: Ruptured ovanan follicle; pelvic inflammatory dis-
ease

111. Operation Indicated

Intestinal obstruction, perforated peptic ulcer; acute cholecystitis (some cases);
ruptured ectopic pregnancy, torsion of pedicle of ovaran tumor or cyst;
Meckel's diverticulttis

TREATMENT

Appendectomy is indicated for all cases in which the diagnosis of
uncomplicated acute appendicitis is made. The operation should be
performed as soon as the patient is ready for it, that is, as soon as
the essential preoperative care has been completed. There is nothing
to be gained by prolonged observation, antibiotic treatment and
procrastination. In most instances the patient should be ready for
o'pemkion within an hour or two after hospital admission, The opera-
tion consists in simple removal of the appendix, usually through a
muscle-splitting right lower quadrant incision (McBurmey) and closure
without drains.

.'I:he principles of treatment of appendicitis with localized eri-
tonitis or with diffuse peritonitis are the same as in other infecgons
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bosis or pneumonia is risky. The need for ruling out these conditions
before proceeding with the treatment for appendicitis or any other
condition should be obvious.

Acute pancreatitis is infrequently a source of confusion. This
condition can be diagnosed, however, if the serum amylase test is
obtained immediately. The need for the early recognmition of acute
pancreatitis lies in the fact that operation is sometimes harmful and
may result in death, whereas under conservative treatment the
patient’s chances for survival are better.

Most problems encountered in the differential diagnosis of acute
appendicitis arise from disease processes originating in the alimentary,
urinary and female reproductive systems. Less often, disturbances of
the vascular, nervous, musculoskeletal or male reproductive systems
will cause confusion. Rarely will metabolic disorders, such as diabetes
mellitus, Addison’s disease and porphyria, mimic acute appendicitis.

The clinical features of perforated peptic ulcer, acute chole-
cystitis, acute intestinal obstruction, acute regional enteritis and
acute sigmoid diverticulitis will be described later { Chapter 91). These
conditions must always be considered in the differential diagnosis
of appendicitis.

Acute gastroenteritis, often due to indiscretions in the diet, inges-
tion of food contaminated with pathogenic bacteria or alcoholism, may
be confused with acute appendicitis. In this condition nausea, vomit-
ing and often diarthea tend to be more severe than they are in acute
appendicitis. The abdominal pain (intestinal colic) and the systemic
reaction are also likely to be more severe. Abdominal tendemess
is generalized, and there may be diffuse voluntary muscle guarding:
Usually there are no localizing abdominal signs such as those seen
in acute appendicitis. One must bear in mind, however, that the signs
of appendicitis with peritonitis may sometimes resemble those of
severe gastroenteritis.

Diseases of the urmary passages, such as right-sided renal or
ureteral colhic due to stone, acute pyelitis or pyelonephritis, can
simulate acute appendcitis. The location and radiation of the pain
arising in the urinary tract is commonly located in the lumbar area,
the flank or the ihac fossa and radiates into the external genitalia and
the thigh. There may be right lower quadrant tendemess, but muscle
rigidity 15 absent because the disturbance arises in the retroperitoneal
area. The urme often contains gross or microscopic blood and the
plain film of the abdomen may show a stone. Intravenous pyelography
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tenderness in the right lower quadrant. Laboratory studies are gener-
ally not helpful, but the stool should be examined for parasitic
infestation.

A barium enema of the colon often reveals a partial filling
or a nonilling of the appendix. On fluoroscopy the tenderness may be
discretely localized to the appendical area.

Patients who present this picture should be carefully studied to
exclude other causes for abdominal pain, When no other cause can
be established and the pain interferes with normal activity, the patient
may be considered to have chronic or recurrent appendicitis and an
appendectomy is in order.
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of the peritoneal cavity. Any site of continuing contamination must
be removed or closed if possible, the exudate must be evacuated or
drained, the infection must be controlled, the gastrointestinal tract
must be kept at rest and prevented from becoming distended, and the
patient’s general condition must be supported, Some patients who
have well-localized appendical abscesses, who clinically appear to be
well able to cope with the infection and who, under observation, show
signs of progressive improvement are sometimes treated without
immediate operation. In these instances, if the abscess resolves,
“interval appendectomy” in about six weeks is usually advisable be-
cause of the danger of recurrent appendicitis.

Monbund patients seen in the late stages of diffuse peritonitis due
to a ruptured appendix require a period of intcnsive resuscitative
treatment, including the administration of fluids, electrolytes, blood
and antibacterial drugs and tube decompression, before being sub-
jected to the stress of anesthesia and operation.

Recovery from operation for simple acute appendicitis is generally
rapid and uneventful. The patient 1s ready to leave the hospital
three or four days and can retumn to the surgeon’s office for the re-
quired wound care. When extra-appendical extension is present, the
postoperative care is more complicated. The possibihty of paralytic
tleus, wound suppurations and  intraperitoneal abscesses should be
kept in mind. A close watch should be maintained for the develop-
ment of intraperitoneal abscesses. These appear most commonly 1
one of three regions: (1) the right iliac fossa, (2) the minor pelvis,
pouches or culdesacs; and (3) the subphrenic area on the right
Regarding the latter, someone has suggested an appropriate reminder:
“Pus somewhere; pus nowhere; pus under the diaphragm.”

CHRONIC APPENDICITIS

Pathologically, it is often difficult to demonstrate changes which
can account for the ill-defined symptoms often considered to arise
from a chronically diseased appendix. The symptoms may include:
vague, recurrent midabdominal pain; varying degrees of right lower
quadrant pain; tenderness without muscle spasm; occasional nausea
with or without vomiting, and often a tendency to constipation.
Sometimes the only symptom is a “stitch in the side”, at other times
it is a dull ache. Often the patient is a child or young person The
physical examination may reveal nothing beyond muld to moderate



CHAPTER 16

The Lower
Alimentary Canal

THE COLON

THE COLON is that portion of the large intestine
which extends from the ileocecal valve to the rectum. It consists of
the cecum and the ascending, transverse, descending and sigmoid
divisions. The ascending and transverse divisions are continuous at
the hepatic flexure, and the transverse and descending divisions at
the splenic flexure. The splenic flexure usually lies more cephalad
than the hepatic flexure. The posterior surfaces of the cecum, the
ascending and descending divisions, are devoid of peritoneum and
lie in apposition and are fixed to the retroperitoneal structures. The
transverse and sigmoid divisions are each suspended by a mesentery,
called the “transverse mesocolon” and the “sigmoid mesocolon,” re-
spectively. These divisions lie within the peritoneal cavity. The
greater omentum 15 suspended from the transverse colon.

The cxternal surface of the colon has several distinguishing fea-
tures, including three longitudinal smooth-muscle bands (taenia coli),
pouchlike protrusions between the longitudinal bands (haustra) and
numerous vascular fat tabs (appendices epiploicae).

The cecum is a large, thin-walled distensible pouch, located in
the right lower quadrant; jt communicates with the ileum through
a bivalved aperture located on jts medial wall, the ileccecal valve.
The vermiform appendix enters the cecal tip (caput coli).

The ascending and transverse divisions are of smaller diameter
than the cecum; and, i fact, the Iarge bowel becomes progressively
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The Lower
Alimentary Canal

THE COLON

THE COLON js that portion of the large intestine
which extends from the ileocecal valve to the rectum. It consists of
the cecum and the ascending, transverse, descending and sigmoid
divisions. The ascending and transverse divisions are continuous at
the hepatic flexure, and the transverse and descending divisions at
the splenic flexure. The splenic flexure usually lies more cephalad
than the hepatic flexure. The posterior surfaces of the cecum, the
ascending and descending divisions, are devoid of peritoneum and
lie in apposition and are fixed to the retroperitoneal structures. The
transverse and sigmoid divisions are each suspended by a mesentery,
called the “transverse mesocolon” and the “sigmoid mesocolon,” re-
spectively. These divisions lie within the pentoneal cavity. The
greater omentum is suspended from the transverse colon.

The cxternal surface of the colon has several distinguishing fea-
tures, including three longitudinal smooth-muscle bands (taenia coli),
pouchlike protrusions between the longitudinal bands (haustra) and
numerous vascular fat tabs (appendices epiploicae).

The cecum is a large, thin-walled distensible pouch, located in
the right lower quadrant; it communicates with the ileum through
a bivalved aperture located on its medial wall, the ileocecal valve.
The vermiform appendix enters the cecal tip (caput coli).

The ascending and tansverse divisions are of smaller diameter
than the cecum; and, in fact, the large bowel becomes progressively
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narrower until 1t reaches the rectum. In other respects the divisions
are structurally similar. ’

From many viewpoints the large bowel may be regarded as a
dual organ, the right colon and the left colen, joined in the middle
of the transverse segment. Some of the differences between the nght

TABLE 17.—~SoMe DIFFERENCES BETWEEN TiE RIGHT AND LEFT

Duvision

Embryologic denva-
tion

Blood supply

Function

Fecal content

Typical lesion

Clinical syndrome

Diagnostic consider-
ations

Treatment

Sipes oF e COLON

Ricur CorovN
Cecum, ascending colon and
proximal transverse colon

Midgut
Supcerior mesentenc artery

Absorption of water and
salts

Liquid or semiliquid,
heawily contaminated

Bulky, ulcerating carcinoma,

which 1s not usually ob-

structive

Dyspepsia

Anemia and weakness

Mass in right lower
quadrant

Obstructive symptoms
(uncommon)

= @

l

History and physical
examination

Blood studies

Stool examination

Barium enema

NS

1. Bowel preparation

2, Resection of right colon
with ileocolostomy

3. In acute obstruction, de-
compression by colos-
tomy or cecostomy,
subsequent resection

Lerr Corov
Middle and distal transverse
colon, descending colon,
sigmoid and rectum

Hindgut

Infenor mesenteric and
hemorrhoidal arteries

Storage and excretion
Semihquid or formed stool

Annular “naphin nng” lesion
which encircles and ob-
structs the bowel
Change in bow el habit
Partial intermuttent or par-
tial and progressne
large-bowel  obstruc-

—

10

tion
Blood 1n the stool, occult
or gross
1. History and physical
examination
2. Rectal examunation, proc-
toscopy and sigmoid-
oscopy
3. Biopsy
4. Stool examination
5. Banum enema
1.
2,
3.

@

. Bowel preparation

. Resection with end-to-end
anastomosis 3

. In rectum, abdominoperi=
neal resection with co-
Jostomy

. In acute obstruction, co-
lostomy decompression;
subsequent resection

IS
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and left halves of the colon are summarized in Table 17. Of im-
portance to an understanding of this subject is the fact that the right
half of the colon is concerned with the absorption of water from the
liquid or semiliquid material which enters it. This material is highly
infectious, very irritating, and easily diffusible when it escapes from
the bowel. Being liquid, it will pass through narrowed areas of
bowel where solid material could not pass.

The left side of the colon is concerned primarily with conduction
of the partially formed stool into the rectum. Little absorption occurs
in the left colon. Many of the bacteria die during transit from the
right to the left colon; but the bowel contents are still infectious,
although less so than in the right half.

The colon is not essential for life. Removal of the left half pro-
duces no serious physiologic alterations. Removal of the right half is
sometimes followed by temporary loose stools, owing to loss of the
large absorbing surface. Total removal of the colon may cause
temporary metabolic imbalances due to loss of fluid and electrolytes
from the 1leum but is otherwise compatible with good health.

The colon derives its blood, lymphatic and nerve supply from
two sources, in keeping with its embryologic ongin. The right seg-
ment {midgut denvative) receives blood from the superior mesenteric
artery; its venous blood drains into the portal system via the superior
mesenteric veins; the lymph channels pass to the mesenteric nodes
along the superior mesenteric artery branches. The autonomic sup-
ply of the right colon includes splanchnic fibers from the lower
thoracic and upper lumbar cord (T9 to L1), motor fiber from the
vagus, and intrinsic elements. Pain caused by disturbances in the
midgut segment including the right colon is usually referred to the
midzone of the abdomen,

The left half of the colon (hindgut derivative) receives its
arterial supply from branches of the inferior mesenteric artery.
Venous blood drains via the inferior mesenteric veins to the portal
system, and the lymphatic drainage parallels the arterial supply.
The innervation of the left half of the colon includes the Tumbar
splanchnics from 1.2 and 1.3 and the pelvic nerves in the distal part.
Pain from the left segment is usually referred to the lower zone
of the abdomen.

Discases of the colon lead to altered bowel function; the appear-
ance of blood, mucus or pus in the stool; abdominal pain, distention;

obstruction; and secondary systemic changes, including impaired
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nutrition, weight loss, weakness and anemia. The symptoms are
due to local irritation, inflammation or ulceration, partial obstruction,
blood loss and possibly absorption of “toxic” products of bacterial
action, especially in lesions of the right side of the colon. Many
diseases of the colon follow a chronic course, but all may exhibit
acute episodes.

Cancen or THE CoLoN

According to Rankin and Graham, “not more than one fourth
of the lesions encountered in the large bowel are so situated as to
require diagnostic measures not available to every physician.” Cancer
of the colon (and in this discussion, including the rectum) is a
common disease. It is more frequent in males than in females, and
1t appears with increasing frequency after the age of forty. In com-
parison with many other malignant diseases, cancer of the colon
grows slowly and metastasizes late. Clinically, there is often a long
silent interval; then apparently minor disturbances, commonly
ascribed by the patient to “piles,” “colitis” or “intestinal flu,” appear
as the tumor progresses. Despite the long silent interval, the prognosis
for cure in cancer of the colon is more favorable than for most
cancers of the alimentary tract,

Most of the failures in the treatment are due to delay all along the
line: the patient fails to seek medical attention when he should; the
physician fails to recognize the significance of the patient’s com-
plaints or to examine the patient. Even after the diagnosis 1s made,
the patient may fail to secure treatment. After such delay, many
patients have become incurable.

Malignant tumors of the colon are predominantly adenocar-
cmomas. They are found in all segments of the large bowel, but fu.lly
75 per cent arise n the sigmoid and rectum. Cancers of the left side
of the colon (Fig. 73, B) are generally annular, stenosing and ob-
structing (napkin ring) and ulcerate to some degree. Cancers of the
right side of the colon (Fig. 73, A) tend to be more bulky, to grow
into the lumen and to ulcerate extensively (cauliflower). They do not
sigmificantly constrict the bowel or impede the flow of the liquid
bowel content.

All cancers of the colon spread by invasion and metastasis. When
the pentoneal coat becomes infiltrated, extracolonic extension of the
tumor has probably occurred, Di ination to the ic lymph
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nodes and to the abdominal nodes occurs with the progression of the
disease Blood vascular spread may occur either early or late through
the portal system to the liver.

In common with other hollow organs, the large bowel can physi-
ologically compensate and maintain function in the face of a slowly
developing obstruction. The smooth-muscle cells become hyper-
trophied in response to increased work, and normal transit of the
fecal stream is thereby maintained for an indefinite time. When the
obstruction eventually becomes almost complete, the bowel wall
dilates and decompensates. This mechanism tends to delay the onset
of obstructive symptoms and favors growth and dissemination of
the cancer.

Cuvicar Picrure.~The symptoms of carcinoma of the right and
of the left colon are as follows:

Carcinoma of the Right Colon.~Rankin classifies the symptoms
from carcinoma in the right colon under three major groups: (1)
“dyspepsia,” usually diagnosed as chronic appendicitis or chronic
cholecystitis, (2) a group which is notable for “toxic absorption”
from an estensive ulcerating lesion and (3) a group in which the
tumor is accidentally discovered in the right iliac fossa.

The first group of symptoms are indefinite. There may be cramp-
ing pain over the lesion and a feeling of fulness after eating, which
is associated with a desire to defecate. Diarrhea, blood and mucus
in the stools are late signs.

Anemia may be the sole presenting sign. The severity of the
anemia may be in direct relation to the size of the lesion, and it 1s
sometimes present before the carcinoma has ulcerated. Early ulcera-
tion is the rule because the malignancy is bathed by an irritating
and infectious fluid.

Carcinoma of the Left Colon.—The indefinite nature of the early
symptoms should be emphasized. Blood in the stool is always sigmfi-
cant. The first evidence of obstruction is usually a definite, but ever
so slight, change in bowel habit which occurs intermittently and is
followed by periods of apparent normalcy. There may be alternating
constipation and diarthea or progressive constipation and discom-
fort and tenderness in the left lower quadrant.

Acute distention of the cecum is responsible for what may be
a misleading localization of abdominal pain to the right lower quad-
rant. An obstruction in the left colon and a competent one-way
ileocecal sphincter convert the large bowel into a “closed loop”
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which is unable to decompress itself. This is the mechanism which
leads to rupture of the cecum in neglected cases of large-bowel
obstruction.

Dracyosnic ConsmerRaTIONS.~In order to make the diagnosis of
large-bowel malignancy, it is necessary to think of this malignancy.
A presumptive diagnosis of carcivoma of the colon is warranted in

C

Fra. 74 —Smple di i used {n & ing cancer of the yectum
and colon. A, digital palpation. B, idoscopi ination. C, x-ray, barium
enema.

the following instances, and a careful jnvestigation of the large bowel

in search for a carcinoma is indicated in each case:

. If there is a persistent change in bowel habit.

. 1f there is blood in the stoal ar bleeding fram the rectum.

. If there are persistent vague complaints, referable to the
abdomen.

4. If there is obstruction of the large intestine.

5. If there is a hypochromic anemia of ebscure origin.

The two major errors on the patient’s part are in aseribing his
bleeding to “piles” and placing his trust in cathartics if he is
“constipated” or “irregular.” The great error of the physician is the
sin of omission and oversight. The doctor, too, may be satisfied
with the explanation that bleeding from the rectum is due to hemor-
shoids, and the fmportance of indefmte symptoms may be over.
Tooked by bath the unwary or the negligent doctor and the unknow-
ing patient.

It would be § ble to omit tion if the patient had any
of l})e above complaints. The inyestigation should include digital pal-
pation, sigmoidoscopy and x-ray of the colon {Fig. 74).

(SR
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Fic. 75.—Barium enema for carcinoma of the sizmoid colon Note the wregular,
partially obstructing filling defect which Les near the rectosigmoid junction. The
transverse colon is seen in the upper portion of the photograph, and the ascending
colon and cecum are to the left. No banum has passed into the terminal eum,
which that the 1 I vahe is ie., lly prerents reflur
of material from the cecum into the leum.

It may be difficult to establish the diagnosis if the lesion is
beyond the reach of the sigmoidoscope. Roentgenologic visualization
of suspect lesions in the lower sigmoid and rectum is uncertain and
unreliable. The barium enema is a valuable diagnostic aid in the
study of the remainder of the large bowel (Fig. 75). It should be
remembered that repeated inations may be . It may be
impossible to differentiate between carcinoma and diverticulitis on the
basis of the x-ray evidence. The double-contrast method of colonic
examination (air-contrast enema) may be especially useful in the
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Fic. 76.—A portion of the colon and rectum excised from a patient with mul-
tiple carcinomas and diffuse famlial polyposis, Note the cauliflower-like masses in
the muddle and lower part of the photograph and the variation 1 the size of the
adenomatous polyps, all of which are potentially malignant.

diagnosis of diffuse familial polyposis (Fig. 76), a notorious mahgnant
precursor.

A few precautionary measures which should precede x-ray
exammation of the colon are important: (1) It is necessary to cleanse
the large bowel carefully in order to get satisfactory roentgenograms,
{2) The patient should be sigmoidoscoped before barium is intro-
duced into the colon by rectum. (3) The suspicion of obstruction

of the large intesting is a contraindication to the administration of
barium by mouth.



372 FUNDAMENTALS OF GENERAL SURGERY

TreatsMeNT.—To cure the patient, it is necessary to remove the
tumor and the areas to which it may have spread. The operation is
generally an eatensive one. Cancers of the right colon usually require
excision of a short segment of ileum, the cecum, the ascending colon

Fic. 77.—Mclhuds for decompresston of the colon. 4, cecostomy by tube. Tem-
porary without d of the fecal stream, B, transherse

colostomy, double-barreled type. Complete dnersion of fecal stream. C, sigmoid
colostomy, double-barreled type. D, tube decompresston through rectum.

and proximal transverse colon and their mesenteries. The ileum 15
anastomosed to the transverse colon (ileotransversecolostomy). In
cancers of the remaming colon down to the level of the pelvic
peritoneum, segmental resection and end-to-end anastomosis are usu-
ally required Cancers at or below the pelvic peritoneum require
resection of the sigmoid colon, rectum and anus (combined abdomino-
permeal resection) with establishment of an abdominal colostomy.
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The preoperative care and the postoperative care are extremely
important. Special measures are required during the preoperative
period to insure a clean and relatively sterile bowel. This is accom-
plished by the administration of cathartics, a low residue diet and
antibacterial agents. The preparation takes approximately five days,
Sulfasuxidine,® broad-spectrum drugs or neomycin are commonly
used. Enemas are frequently unnecessary.

When there is associated obstruction, the treatment is more
complicated. In complete obstruction a preliminary operation becomes
necessary for decompression and cleansing of the bowel (Fig, 7).
Either a colostomy in the transverse colon or a cecostomy is estab-
Lished. Suction-decompression with a long intestinal tube is generally
ineffective in large-bowel obstruction because the one-way action
of the ileocecal valve (competent valve) in a majority of individuals
prevents passage of gas and fluid from the colon to the small bowel.
When the bowel has been cleansed satisfactorily (usually seven to
ten days), the second stage, or definitive, operation is undertaken. The
colostomy is closed later at a third stage. Most cecostomies close
spontaneously.

The management of any patient with a colostomy poses special
problems. The patient has no voluntary control of bowel function;
and he is plagued by soiling, odors and inopportune movements.
These disturbances can be minimized by the use of a fitted colostomy
appliance and by establishing a routine type of colostomy care. The
essential elements of colostomy care include: a constipating  diet,
regular colostomy irrigations and drugs, when necessary, during
the early period. The most effective agents for the control of loose
movements are: paregoric and kaolin, pectin and bismuth mixtures.

A colostomy is often required to relieve an obstruction caused
by an incurable cancer. While a colostomy provides temporary
palliation, the subsequent course of the unfortunate patients is poor.
All other measures available for the relief of pain and disturbed
bowel should be judiciously used. Irradiation is not effective.

Cumronic Urcerative CoLrris

. Ulcerative .oo]itis is a chronjc disease, of unknown cause, invoiv—
ing t}}e large intestine and sometimes a part of the terminal small
intestine. The clinical course in ulcerative colitis is ch

| ! aracterized b
recurrences and remissions, ]eadmg to progressive destruction am)i'
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scarring of the colon, with other complications. The complications
are somewhat similar to those of gastric ulcer and include perforation,
hemorrhage‘ obstruction and occasionnlly cancer, Advanced ulcerative
colitis also results in severe nutritional depletion.

The cause of ulcerative colitis is unknown. It has been labeled
a “psychosomatic” disease by some. That neuroendoerine mechanisms
are concerned in its pathogenesis and/or persistence is probable.
Allergy has been frequently ncriminated. In some patients, colonic
infections appear to play a role. The irritant effect of the digestive
secretions on the colonic mucosa may be important when increased
levels of lysozyme (mucus-destroying enzyme) appear in the bowel
It is possible that ulcerative colitis, as well as peptic ulcer, does not
have a single cause but several causes.

The pathologic changes in the bowel are striking. The disease
commonly starts in the rectum or sigmoid and extends to involve
the entire large bowel, With repeated inflammation and repair, the
bowel wall becomes contracted, thickened and shortened. The haus-
trations are lost, and extemally the bowel often resembles a “lead
pipe.” The mucous membrane is swollen, red and dotted with
innumerable ulcers. The uleers are usually tiny superficial erosions
with necrotic, oozing, granulation-tissue craters. The surroundin:g,
mucosa is often hyperplastic, and pseudopolyps may develop. Typi-
cally, the entire ]im'ng of the involved bowel is friable and bleeds
freely when rubbed.

Cuinicar Prerure—~The disease usually appears in early adult life,
often in the twenties or thirties. There is sudden onset of diarrhea,
with frequent loose or watery stools containing blood, mucus, pus
and sometimes fragments of tissue The stools may number from
three to thirty daily; and some patients actually spend most of their
time on the toilet. With the diarrhea, abdominal cramps, tenesmus
(frequent urge to defecate), weakness, weight loss, debility and
invalidism may appear.

The acute symptoms frequently abate under treatment but tend
to recur periodically, and in severe forms of the disease each attack
becomes more severe than the previous one. The changes within the
bowel become fixed or progressive and often lead to serious local com-
plications. During this time the patient’s general condition may
deteriorate m spite of all attempts to control the disease.

In advanced ulcerative colitis there are anorectal, large-bowel and
systemic complications. The anorectal complications are in large
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measure due to diarthea and irritations. They include: prolapsed
and thrombosed hemorrhoids, cryptitis, fissure, fistula and anal steno-
sis. The serious large-bowel complications include: partial obstruc-
tion, massive hemorrhage, perforation and malignant degeneration.
The systemic disturbances include: malnutntion, anemia, hepatic
cirrhosis, rheumatoid arthritis, infectious gangrene of the skin (pyo-
derma gangraenosum) and psychoses.

The diagnosis of chronic ulcerative colitis is suggested by the
patient’s history. On sigmoidoscopic examination the mucous mem-
brane is found to be diffusely ulcerated and bleeding. Smears and
cultures of the exudate usually fail to reveal specific pathogens such
as those which cause bacillary or amebic dysentery. Barium studies
of the colon reveal a narrowed, shortened, smooth tube. The haustral
markings are absent. If biopsy is essential, the specimen must be taken
with great care because the diseased bowel is easily petforated.

TreATMENT.—Treatment of uncomplicated ulcerative colitis in-
cludes dietary measures, together with chemotherapeutic, anticholin-
ergic and adrenal steroid preparations.

Surgical treatment is usually reserved for intractable forms and
complications. At the State University of Iowa hospital, about 50
per cent of the patients ultimately require some form of operative
treatment. The known natural history of ulcerative colitis indicates
that there is a high incidence of late complications. The implication
of these observations is apparent: consideration must be given to
operative treatment before the late stages of the disease develop.

The operative procedures applied are directed toward diversion of
the fecal stream and removal of the diseased bowel. Diversion may
be accomplished by ileostomy or occasionally by colostomy; removal
of the diseased bowel may be accomplished by resection of the entire
colon or, in segmental disease, resection of a portion of colon. Surgical
treatment is usually carried out in several stages, but in favorable
cases a single-stage operation may be indicated.

. The preoperative and postoperative care of the patient is all-
important. Operation is generally preceded by a period of intensive
prepnmtlor.), including the repair of nutrtional and metabolic deficits,
-'mdbcle:msmg of the bowel, Postoperatively, ileostomy care is a special
Is’::mlfﬂ.‘- Adgluel-on plastic or rubber pouch is placed over the
dischnrz‘s‘zm’ih :t:ylflfler t.he operation to co\le?t the irritating ileal
: 3 ppliance is removed and reapplied at frequent inter-
vals, usually every two or three days,
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Ileostomy alone is an inadequate long-term treatment for ulcer-
ative colitis. Frequently there is a clinical remission, but the process
remains active in the bowel and the risk of cancer is real. In most
instances, therefore, when surgical treatment becomes necessary, plans
must be made for the imtial or subsequent removal of the colon.

Total removal of the colon with ileostomy is a formidable opera-
tion (or series of operations), but the final outcome justifies the
treatment. Usually, there is a rapid gain m weight and strength, a
return to useful activity and freedom from pain and intractable diar-
rhea. An ileostomy existence is not ideal, but often there is no alter-
native.

DivermicuLrris of THE COLON

Diverticula are true or false, depending on whether all or only
part of the layers of the organ of origin are found in the sac. In the
colon, false diverticula are common, especially in the sx'gmm'd portion;
and they appear with increasing frequency after the age of forty. In
the absence of inflammation or other complications, diverticula (or
diverticulosis) are generally asymptomatic,

Diverticulosis of the colon is due to hemiation of the mucous
membrane through defects in the muscular coat. The defects appear
to be the apertures through which blood vessels penetrate the muscle
layer, and they are usually located at the margins of the taenia coli.
The diverticular sac consists of mucosa, a variable amount of fibrous
tissue and peritoneum. The tiny neck of the diverticulum predisposes
the sac to stasis of its ts and to infl tion or diverticulitis.

The pathogenesis of diverticulosis of the colon is not entirely clear;
but it appears to be related to spasm, constipation and other causes of
increased colonic tension.

Diverticulitis is produced by mechanical and bacterial irritation.
Entrapment of infectious matenal within a diverticulum results in
edema, inflammatory exudate, vascular impairment and necrosis simi-
lar n many respects to that encountered 1 acute appendcitis. This
process may lead to perforation, with the formation of a small
abscess, or occasionally to localized or diffuse pentomtis. With heal-
ing, scarring occurs, the bowel is narrowed and shortened, and often
partial obstruction occurs. Ulceration panying the 1nfl ry
reaction results in blood in the stool. In most surgical specimens,
some of the diverticula will be free of inflammatory changes, others
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will be involved in a chronic inflammatory process, and still athers
will be the site of acute inflammation.

The symptoms of diverticulitis include: lower abdominal pain
and tenderness; constipation, diarthea or alternating constipation and
diarthea; blood, mucus and pus in the stools; distention; flatulence;

F16. 78.~Diverticulosts with diserticulitis of the sigmoi
gmoid colon as &
on hanum enema study. Note the narrowing, irregulanty and sa\x:v-loct;l:; r;s;pnet:i

¢ : . N
::go; a localized area of the sigmoid colon due to spasm, scaning and infam-

chronic indigestion; and not infrequently a tender left lower quadrant
mass.“In acute perforated diverticulitis the symptoms and s? ns sug-
gest “left-sided appendicitis.” In chronic diverticulitis thegclin' gl
pictul:e simulates cancer of the Jarge bowel, -
) S\[.;moidoscopic exomination should precede x-ray studies. Th

dwel:ncular openings are not often seen. The only changes not d ¥
consist of fixation of the wall, blood or pus in the l§men :ndm;])’

) -
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Ileostomy alone is an inadequate long-term treatment for ulcer-
ative colitis. Frequently there is a clinical remission, but the process
remains active in the bowel and the risk of cancer is real. In most
instances, therefore, when surgical treatment becomes necessary, plans
must be made for the imtial or subsequent removal of the colon.

Total removal of the colon with ileostomy is a formidable opera-
tion (or serics of operations), but the final outcome justifies the
treatment. Usually, there is a rapid gain in weight and strength, a
return to useful activity and freedom from pain and intractable diar-
rhea. An ileostomy existence is not ideal, but often there 1s no alter-
native.

DivenTticuLrTis oF THE CoLON

Diverticula are true or false, depending on whether all or only
part of the layers of the organ of origin are found in the sac. In the
colon, false diverticula are common, especially in the sigmoid portion;
and they appear with increasing frequency after the age of forty. In
the absence of inflammation or other complications, diverticula {or
diverticulosis) are generally asymptomatic.

Diverticulosis of the colon is due to hemiation of the mucous
membrane through defects in the muscular coat. The defects appear
to be the apertures through which blood vessels penetrate the musclf?
layer, and they are usually located at the margins of the taenia coli.
The diverticular sac consists of mucosa, a variable amount of fibrous
tissue and peritoneum. The tiny neck of the diverticulum predisposes
the sac to stasis of its contents and to inflammation or diverticulitis.

The pathogenesis of diverticulosis of the colon is not entirely clear;
but it appears to be related to spasm, constipation and other causes of
increased colonic tension.

Duverticulttis is produced by mechanical and bacterial irritation.
Entrapment of infectious material within a diverticulum results in
edema, inflammatory exudate, vascular impairment and necrosis simi-
lar in many respects to that encountered in acute appendicitis. This
process may lead to perforation, with the formation of a small
abscess, or occasionally to localized or diffuse pentomitis. With heal-
ing, scarring occurs, the bowel is narrowed and shortened, and often
partial obstruction occurs. Ulceration accompanying the inflammatory
reaction results i blood m the stool. In most surgical specimens,
some of the diverticula will be free of inflammatory changes, others
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confined to three bandlike areas, as it is in the colon. As indicated
above, the rectum has no serosal covering except in the uppermost
portion.

The rectum becomes continuous with the anal canal at the ano-
rectal line (dentate, pectinate). This zone represents the point of
union between the gut and the proctodeum embryologically. The
roucous membrane of this region is gathered into longitudinal folds

,S’\
1 g

Perito”

Soalve

* —~—Levator
=" ani m.
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External
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oni m.

Fic. 79 —Anatomy of the anorectal region.

by the action of the sphincter muscles forming the anal columns.
The terminal bulbous portion of each anal column forms an anal
papilla. Between each anal column there lies a small pouch, known
as the anal crypt, below which are located the semilunar anal valves.
In addition, microscopic-sized anal glands or ducts communicate
with the anal erypts. The importance of the crypts, glands, valves
and papillae of the anal canal lies in the fact that they are concerned
in the pathogenesis of most inflammatory conditions whi
in this arca (see Fig. 82). i s which develop
The anorectal line is an im iti
. c portant transitional zone. H
:lplthelml cells are cuboidal in type, while above, in the :::htnllf
hey are col i : i
y columnar, and below, in the anal canal, they are squamous.
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ability to introduce the scope to its full length, These findings are
not diagnostic.

The diagnosis is usually established by barium x-ray studies of
the colon. Characteristically, several diverticula are seen, the bowel
is marrowed and has a “saw tooth” appearance, and areas of spasm
are observed (Fig. 78). Frequently diverticulitis cannot be distin-
guished from cancer by means of x-rays.

Treatment of diverticulitis must be individualized. Many patients
are managed satisfactorily under a medical regimen. Some will
require surgical resection of the diseased bowel. Acute diverticultis
with abscess formation often demands temporary proximal colostomy,
sometimes with drainage of an associated abscess. Later the diseased
segment can be resected and the colostomy closed.

RECTUM AND ANUS

A large segment of the patients secn by the physician come to
him for treatment of anorectal complaints. Often the physician will
find that the symptoms are the result of a minor disturbance which is
casily treated and cleared up. The net result is many satisfied patients.
This 1s not to imply that serious and complex problems are not en-
countered, because they are, more often than is commonly realized.
Fortunately, most diseases of this area can be diagnosed by simple
technics which should be available to every physician. In contra-
distinction to other portions of the alimentary canal, this is an acces-
sible region.

The rectum extends from the rectosigmoid junction to the anal
canal. Except for 1t proximal end, the rectum lies in the pelvis below
the peritoneal reflection. Anteriorly, the rectum is in close relation-
ship to the bladder, prostate, seminal vesicles and urethra in the male,
and to the uterus and vagina in the female. Posteriorly, the rectum
lies in the sacral hollow. The rectum is fixed, to a variable degree,
by its fascial investment, the fascia propria, and the pelvic diaphragm
formed by the levator muscles.

In keeping wath its storage function the intemal diameter of the
rectum exceeds that of the proximal large bowel, often measuring 4-5
cm. or more. Its length is variable, but averages about 13 cm.

The inner surface of the midrectum contains three transverse
folds, the valves of Houston. The longitudinal muscle layer of the
rectum spreads out to invest the entire outer wall, instead of being
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presence of proximal lymphatic obstruction reversal of flow occurs.
Thus, late in cancer of the mid rectum, metastases may be found in
the inguinal nodes.

Above the anorectal line the nerve supply consists solely of
autonomic fibers, and the rectum is insensitive to usually painful
stimuli. The anorectal line and the anal canal, on the other hand,
are richly supplied with somatic nerves and are extremely sensitive
to painful stimuli.

There is a reciprocal-acting motor innervation to the smooth
muscle of the lower bowel. Stimulation of parasympathetic fibers
causes increased tone of the bowel and relaxation of the internal
sphincter. Stimulation of the sympathetic fibers causes decreased
tone of the bowel and contraction of the internal sphincter. The
external sphincter is under voluntary control but goes into severe
involuntary spasm when irritated.

InvesTicaATION.—The important steps of investigation are:

1. A careful history and complete physical examination

2. Proctologic examination

External inspection
Digital examination
Instrumentation: (@) anoscopic, (b) sigmoidoscopic

3. Detection of gross or occult blood in the stool

4. Cultures, smears, biopsy

3. Radiographic examination (barium enema, barium-air contrast

enema.

History.—The history should include data regarding the fol-
lowing:

Pain—Pain is usually the primary complint. The type of pain,
its location, severity and relation to the passage of stools, as well as
associated abdominal pain, etc., should be determined.

Blood t'.n the S{oal.—.The duration, amount and appearance of the
blood and its relationship to bowel movements, admixture with stool,
etc., should be noted.

Bowel Function.—Changes in the frequency of bowel movements
and appearance of the stool should be noted. Remember that medica-
tion or changes in diet may mask changes in bowel function. Disten-
tion, borborygmus and flatulence may result from Iocal anorectal
conditions, colonic disturbances or more distant

Discharge.~Mucoid, purulent or bloody
or perianal area should be noted.

changes.
discharge from the anus
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Also important is the point that here the visceral and somatic divi-
sions of the circulation and the nervous system meet. In addition,
both voluntary and involuntary muscles which control the outlet of
the rectum are located in this area.

The anal sphincter mechanism forms a valve at the anorectal
region (Fig. 79). The mechanism consists of two elements: the
internal and the external sphincters. The internal sphincter is a thick-
ened continuation of the circular smooth muscle (involuntary) of the
rectum. The external sphincter is composed of striated (voluntary)
muscle and contains three divisions, which function as a unit. The
divisions from the external surface are: subcutaneous, superficial and
deep. The internal sphincter lies above a palpable depression in the
anal canal known as the intersphincteric line, and the external
sphincter lies below. A specialized portion of the levator ani muscle,
called the puborectalis sling, angulates the anus and rectum anteriorly
and contributes to the efficiency of the sphincter mechanism.

The asterial supply of the rectum and anus is derived from the
superior, middle and inferior hemorrhoidal arteries. The superior
hemorrhoidal artery is the terminal branch of the inferior mesenteric
artery. The paired middle hemorrhoidals come off the hypogastric
arteries, and the inferior hemorrhoidals come off the internal pudendal
branches of the hypogastric.

The veins of the rectum and anus follow a2 similar pattern, There
are: a single superior hemorrhoidal vein; paired middle hemorrhoidal
veins, which drain into the portal system; and paired jnferior hemor-
rhoidal veins, which dran to the systemic veins. There are fwo
venous plexuses of the rectum. The submucosal venous plexus, which
lies above the anorectal line, is the site of internal hemorrhoids and is
dramed by the superior and middle hemorrhoidal veins; the sub-
cutaneous plexus, which lies below, is the site of external hemorrhoids
and is drained by the inferior hemorrhoidal veins. The plexuses have
many intercommunications and, in portal vein obstruction, may serve
to shunt blood into the systemic circulation.

The lymph channels and Iymph nodes of the rectum parallel
the arterial supply. Above the anorectal line the Iymph flow is pre-
dominantly toward the lymph nodes of the mesentery and pelvic wall,
from below the anorectal line to nodes in the mguinal region. It is
helpful to conceive of the direction of lymphatic flow (and spread of
cancer) from the rectum as being upward, outward and downyward,
depending upon the level of the rectum involved (Fig. 80). In the
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ower bowel and a co-operative patient are essential, Attention to
ertain details will aid in securing the patient’s co-operation; the
yature of the procedure should be explained; and every effort made
o avoid pain, discomfort and embarrassment.

The examination should be unhurried, orderly and complete. All
endoscopic examinations are potentially dangerous. The sigmoido-

Fie. 81.—Distnbution of cancer of the colon, rectum and anus accordmng t
segments. Note that about three fourths ('77.8 per cent) are in the lower a:cesgblz
segments. (From Jackman, R. ], et al.: Carcinoma of the large intestine; diagnostic
errors i relation to Jocation of the lesion, J.A.M.A. 134:1287, 1947.) '

scope is always introduced under direct vision after the sphincter
area js passed. It may be jmpossible to intreduce the instrument to
ats full length (25 cm.) because of pain, spasm or fixation of the
colon. Under these circumstances the examination should be ter-
minated. Later it may be repeated under more favorable conditions,
or the area may be studied by x-ray. ’
'}';he order of the examination is as follows:
xternal Inspection.~Look kil

rhoids, fissure, ﬁs}()ula or other c]:?r:gessl.\m changBS, external hemor-
) Dig.ital Palpation.—Note the sphincter tone, tendemess, ma.

induration, etc. Feel the prostate in the ma]’e and the’ zm'?s’
aspect of the female pelvic organs. Note the chz,lmcter of thP:sf::;r
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Protrusion.—Protrusion may suggest hemorrhoids or anorectal
prolapse.

Local Irritation and Itching.—Suggests local anorectal or systemic
disturbances with associated skin changes,

Previous Anorectal Conditions.~These may be related. Details of

Inf mesenteric

Fic 80 —Lymph drainage of the lower sigmoidal, rectal and anal areas. Note
distnbution of lymphatics in three zones. upward, outward and downward, respee-
tively. There 1s, however, considerable overlapping of zones.

any previous treatment, including operation, are helpful in the eval-
uation.

The history may be of value in suggesting the diagnosis but
usually serves only to indicate the need for further investigation.

Exantinarion.—The position or positions used in examination will
depend somewhat on the facilities available and the condition of
the patient. A proctoscopic table provides ideal conditions, but a
special table is 1 essary for satisfactory ination. The knee-
chest position will give good exposure, although it may not be so
comfortable or convenient for the patient or the examiner. The lateral
(Sims) position may be used when pregnancy, weakness or other
complications make the knee-chest position madvisable.

Adequate lighting, good instruments, proper positioning, a clean
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lower bowel and a co-operative patient are essential. Attention to
certain details will aid in securmg the patient’s co-operation; the
nature of the procedure should be explained; and every cffort made
ta avoid pain, discomfort and embarrassment.

The examination should be unhurried, orderly and complete, Al
endoscopic examinations are potentially dangerous. The sigmoido-

Fic. 8l.—Distnbution of cancer of the colon, rectum and anus i

, according to
segments. Note that about three fourths (77.6 per cent) are in the lower accessible
segments (From Jackman, R, ], et al.: Carcinoma of the large intestine; diagnostic
errors 1n relation to location of the lesion, J.AM.A, 134:1287, 1947.)

scope is always introduced under direct vision after the sphincter
area is passed. It may be impossible to introduce the instrument to
its full length (25 em.) because of pain, spasm or fixation of the
co}on. Under these circumstances the examination should be ter-
minated. Later it may be repeated under more favorable conditions
or the area may be studied by x-ray. ,
The order of the examination is as follows:
External Inspection.—Look for skin changes, external hemor-
xhoxds: fissure, fistula or other changes. ’
indu[r’::tgi::al l’:ﬂpa}iion.—Nute the sph.incter tone, tenderness, masses,
oot fn,me . Feel the prostate in the male, and the posterior
Pect of the female pelvic organs. Note the character of the feces,
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especially with respect to the presence or absence of blood. If
grossly negative for blood, test for occult blood.

Anoscopic Inspection.—Look at the anal canal and lower rectum,
especially the anorectal line, the crypts, papillac and hemorrhoidal
area.

Sigmoidoscopic Inspection.—Pass the instrument through the anal
sphincter, remove the obturator and make the examination under
direct vision. Air insufflation may be unnecessary. If used, only suffi-
cient air to allow passage of the instrument should be introduced.
Suction-aspiration will aid in the removal of fluid and feces for
clearer inspection. Biopsy can be performed, cultures taken and
polyps destroyed at this time.

Barium Enema.—X-ray studies are necessary for completeness.
Barium enema studies, including fluoroscopy and films of the filled
and emptied colon, supplemented by air injection (air-contrast)
studies may be obtained. Sigmoidoscopy should generally precede
barium studies of the colon.

About three out of four cancers of the large bowel are located
in the rectum or lower sigmoid (Fig. 81), where they can be felt or
seen. The rule that no physical examination is complete without
digital palpation of the rectum is based on sound clinical expen'enc?-
Furthermore, since the rectum and lower sigmoid, because of their
s1ize and tortuosity, are relatively blind spots to x-ray examination,
direct inspection of this region is most important.

Conrnon Surcicar CONDITIONS OF THE ANORECTAL REGION

An anal fissure is an acute or chronic ulceration 1n the anal canal.
It usually results from an injury to the mucous membrane produced
by the passage of hard stool over a vulnerable area in the anal
ring. The most vulnerable area is located in the posterior commissure,
where the sphincter fibers cross and are attached to the anococcygeal
ligament. The abrasion results in a vicious cycle of infection, spasm
and a painful chronic ulcer. An associated fibrous-tissue response in
the anal skin Just beyond the fissure produces an external skin-
covered mass or “sentinel pile,” which protrudes from the anal canal.

The symptoms of anal fissure are due to the ulcer and associated
muscle spasm. The pain may be continuous but is more severe with
movement of the bowels. Small amounts of blood appear on the stool.
There may be a mucopurulent discharge, together with anal 1tching,
constipation, backache and general irritability,
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The diagnosis can usually be made on inspection. Pflin and musc?e
spasm make endoscopic examination difficult. A topical anesthetic
may be required. After a short period (a few days) of local treat-
ment, a more adequate examination can be performed.

Sitz baths, suppositories, ointments, mineral oil and bulky laxa-

Fic. 82 —Pathogenests of cryptitss, perianal abscess and anal fBstula. A, normal
relationships B, stagnation of feces in an anal crypt. C, inflammation of crypt and
anal glands. D, perianal abscess. E, rupture of penanal abscess. F, anal fistula, (After
Nesselrod. )

tives usually give relief from pain and spasm and lead to partial or
complete healing. Operation is required in the chron
anal fissure. The operation consists in excision
crypt and the sentinel pile.
subcutaneous portion of th,

ic stages of
of the fissure, the
Muscle spasm is released by cutting the
¢ external sphincter or by dilating and
paralyzing the sphincter (divulsion). The wound in the anal canal
15 left open and allowed to heal by granulation.

An anal fistula is an abnormal communication usi

ually located be-
tween an anal crypt and the skin. This common,

chronic condition
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results, as a rule, from cryptitis. Discases such as ulcerative colitis,
amebic dysentery, lymphopathia vencreum, intestinal tuberculosis
and radiation proctitis predispose to anal fistulas (Fig. 82). The con-
dition begins with stasis and infection in the anal crypts and/or
glands and formation of a perianal abscess. Eventually the abscess
ruptures or is incised, and a tract 1s formed between the anal crypt
and the perianal skin. Bacteria, secretions and feces enter the ‘tract
and keep it open by constantly “feeding” it. There is also some
tendency to epithelial ingrowth at both ends of the tract, which inter-
feres with healing. The patient often gives a history of a perianal

Fic. 83 (left).—Anal fistulas. The ternal opening of the fistulous tract is usu-
ally located 1n an anal erypt and the external opening in the perianal area. Three
types of fistulas are depicted according to the relationship of the tract to the anal
sphincter, that is, the tract may pass nside, outside and through the sphmcter
muscles,

Fic. 84 (right).—Internal and eaternal hemorrhoids. Note their relationslup
with the anorectal line.

“boil” which ruptured, healed and then re-formed. Pain may not be
a prominent symptom. Usually the annoying discharge, discomfort
and itching bring the patient to the physician,

Anal fistulas are recognized by the presence of an external open-
mg which communicates with an internal openmng located in an
anal crypt (Fig. 83). A malleable surgical probe can sometimes be
passed through the tract, or dilute methylene blue solution can be
injected into it. The fistula may be simple and direct, or tortuous,
branching and complicated, The tract or tracts can pass inside,
through or around the anal sphincter. Occasionally, both the external
and internal openings are located within the anal canal or rectum.
When Bstulas involve the deep portions of the sphincter, special
operative procedures are rcquired to preserve anal continence.

Operative treatment is required for the cure of chronic anal
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fistulas. Incision, or in some cases excision, is indicated to allow heal-
ing by granulation. The wound is not sutured because the:c is
danger of invasive mfection; it is left open and allowed to “heal
from the bottom.” During the postoperative period, frequent in-
spection is necessary to insure healing without a “bridging-over” of
the skin

Hemorrhoids (Fig. 84) are varicosities of the anorectal veins.
Eaternal hemorrhoids are covered by skin and develop from the
external hemorrhoidal plexus; internal hemorrhoids are covered by
mucous membrane and develop from the internal hemorrhoidal
plexus. Combined internal and external hemorrhoids are common. The
development of hemorrhoids appears to be related to a local increase
in venous pressure from impaired venous flow due to chronic con-
stipation, pregnancy, portal obstruction, pelvic or rectal tumors and
other conditions which favor venous stasis. As in the case of varicose
veins of the lower extremities, there are probably other predisposing
congenital or acquired factors involving the strength of the meso-
dermal supporting tissues, the venous valves, etc.

Bleeding is the outstanding symptom. Ulceration and thrombosis
of hemorrhoids also occurs, resulting in pain, often of severe degree.
There may be associated prolapse, discharge and perianal jtching.

In mild cases, local measures, including a nonconstipating diet
and the avoidance of conditions which cause sudden increases in
venous pressure, may be adequate. For bleeding, the injection of
small amounts of sclerosing solution into the perihemorrhoidal area
(not into the hemorrhoid) has been widely used. Usnally such in-
jections give temporary relief. The surgical treatment of choice is
excision of the hemorrhoids. The objective of the operative treatment
15 removal of the hemorrhoids while preserving the normal skin-
mucosal relationship and normal sphincter function.

The postoperative care requires attention to wound healing and
the prevention of scarring or stenosis of the anal canal. In some
cases, digital dilatations are required. Usually, neither restriction of
the diet nor prolonged bed rest are necessary.

Cryptitis is an inflammation of the anal crypts and anal glands
which ofte.n leads to comI{lications. The anatomic features of the
an?lre.ctﬁd line ]?I’Odlspose this area to retention of infectious material
and inflammation with abscess formation. The localized process is
?r)T{lltxs (Fig 82). The complications are perianal, perirectal or
ischiorectal, according to the location of the abscess.
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The treatment of eryptitis constitutes an important prophylactic
measure for the prevention of other anorcctal complications. The
recognition of cryptitis is not difficult. There is pain and anal muscle
spasm, Bleeding is uncommon. The anorectal line is usually tender
and indurated. On direct inspection the inflamed crypt can often be
demonstrated with a hooked probe. Local measures are used to
overcome retention and inflammation. It is sometimes necessary to
incise the lower border of the crypt, including the anal valve, thus
insuring adequate drainage.

Anorectal abscesses, or perianal abscesses which lie near the
anal canal, may develop from infection of the skin glands as well
as from infections of the anal crypts. Perircetal abscesses generally
originate from infection of the anal crypts and lie along the rectal
wall. Ischiorectal abscesses are complications of cryptitis, fissure,
fistula or other anorectal infections. The abscess is localized to the
area between the anus and the ischial tuberosities. There is severe
pain, swelling and tendemess, The area must be drained and allowed
to heal by granulation. A chronic fistula may ultimately form. )

Angl pruritis, a complaint rather than a specific disease, i
caused by a variety of local and systemic disturbances. Often the
cause is obscure. In severe forms it is characterized by persistent :{nd
intractable itching of the perianal area and frequently the genital
area, It occurs more commonly in men than in women and is some-
times associated with an overt emotional disturbance. Attention must
always be directed toward a possible emotional problem if no Jocal
cause for the symptoms can be established. .

The skin changes are slight or marked, depending on the severity,
the duration and the effects of scratching and medication. Typically
the skin is pink, thickened, moist and excoriated.

Anal pruritis can result from any local condition which produces
irritation of the skin, such as poor hygiene, diarrhea, chronic anal
discharge or fungus or parasitic infections.

Every effort should be made to locate and eliminate all sources
of irritation. Factors relating to the general health of the patient m'lISt
be investigated. Diabetes must always be considered. Many oint
ments and lotions are available for local application, most of which
give temporary relief, Patients in whom no local lesion can be
demonstrated and who do not respond to the usual measures are
sometimes subjected to more radical treatment, including: irradiation,
alcohol infiltration, undercutting (denervation) with excision of the



THE LOWER ALIMENTARY CANAL 389

perianal skin, and tattooing with mercuric salts, all of which give
varying degrees of success,

Rectal prolapse is a condition in which a portion of the bow.el
wall protrudes through the anal opening. The protrusion may consist
of mucous membrane only (incomplete prolapse) or of the entire
thickness of the bowel wall (procidentia).

Mucosal prolapse is common in adults and is often associated with
internal hemorrhoids. In mild prolapse, conservative treatment,
such as measures to soften the stool, prevention of straining and
sustained reduction of prolapse, often proves adequate. ‘When hemor-
rhoids are associated, operative treatment may be required.

Complete prolapse is brought on by straining, constipation or
diarthea. It is common in children; less frequent in the adult. Com-
plete prolapse can be recognized by the concentric arrangement of the
folds of mucous membrane and palpable two thicknesses of bowel wall
where the mass protrudes through the anal orifice. In incomplete pro-
lapse the mass is smaller and is covered by radiating folds of mucosa
(as in the spokes of a wheel).

When a complete prolapse is treated conservatively, the response
is usually favorable in the infant or child; but radical surgical
measures are necessary for severe degrees of prolapse in the adult.

Adenomatous polyps of the rectum and colon arise from appar-
ently normal mucous membrane. They are composed of glandular
elements covering a connective-tissue stroma. Microscopically, the
epithelium of polyps shows a wide range of changes, from a normal
cellular pattern to areas of premalignant and/or definitely malignant
changes (Fig. 76, on p. 371). Polyps range from flat (sessile) to
pedunculated tumors. They vary in size from 1 mm. or less to 2 or
3 cm. or more. They may occur as single or multiple lesions. Some-
times they are widely separated; at other times, they are diffusely
distributed throughout the large bowel.

Patients with untreated adenomatous polyps of the rectum and
colon who live long enough will probably develop carcinoma. This
prediction is based on observations that (1) with the passage of
time this type of polyp tends to undergo malignant changes and (2)
tc’:; Cl;r-lown high incidence of polyps associated with large-bowel

then there are no symptoms, and they are found during a routine

tion or an ion for an lated condition. The more
polyps of the colon are looked for, the more often they are found.
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Slight bleeding is the only significant symptom. The predisposition
to the recurrence of adenomatous po]yps is so great that, once the
diagnosis is established, it can gencrally be predicted that the patient
will have more polyps. All patients with demonstrated adenomatous
polyps of the rectum and colon require frequent checkups (usually
3 to 6 month intervals). This entails sigmoidoscopic and banum
(especially air-contrast) studies of the colon. .

Large polyps, both pedunculated and sessile, must be considered
malignant until proved otherwise. Biopsy excision or biopsy of several
areas is indicated according to the grass appearance of the lesion.
A complete destruction or removal of the tumor through the sigmoido-
scope or through a transabdominal operation is necessary according
to the location, size and biopsy findings. If unequivocal malignant
changes are present, more radical treatment is indicated. Tiny polyps
are destroyed by electrosurgical methods.

Diffuse generalized polyposis is a familial disease which usually
appears before the age of thirty. As a rule, there 15 progressive -
volvement of the colon and ultimate neoplastic changes. Symptoms
are due to mucosal ulceration and interference with normal bowel
function, The diagnosis 15 often suggested by the history of an unu-
sually high incidence of cancer of the bowel in the patient’s forebears
and is confirmed on examination. Under these circumstances, the
physician must r 1 mation of all blood-relatives. In
some patients, local removal of the polyps and planned regulﬂf
follow-up observations is possible, For those patients with established
diffuse polyposis, the removal of the entire colon is required. B

Pilonidal cysts and sinuses are defects of developmental origin
located over the sacrococcygeal area. They consist of epithelial-med,
hair-containing cysts or sinuses. They often become nfected, pro-
ducing acute or chronic abscesses. Trauma may precipitate or aggra-
vate the condition. They are seen chiefly in young adults, both male
and female.

The pathogenesis of pilonidal sinus has been variously ascribed to
faulty invagination of the ectoderm of the median raphae, to malde\(el-
opment of the terminal spinal canal, and to haws driven into or buried
in the skin of the intergluteal cleft. The existence of a pilonidal eyst
is suggested by one or more small openings or dimples located in the
intergluteal cleft.

Pilonidal cysts complicated by acute infection require warm packs,
drainage and antibiotic therapy. Recurrences are common, and the con-
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dition tends to become chronic. Complete excision is usually necessary
for cure.

Measures Cornionry Usep v ANoReCTAL Diseases—~Hygiene of
the Perianal Arca.~Hygiene includes: frequent cleansing and drying;
avoidance of irritation; and the use of cotton wipes and witch hazel
Jotion,

Sitz Baths—The patient sits in a tub of warm water for fifteen
minutes, two or three times daily. The temperature of the water may
be increased during the course of the bath but need not be “as hot
as the patient can stand.”

Warm Compresses—Frequent applications of saline or mildly
medicated solutions to peranal area are advised.

Lotions and Qintments (including fungicides).—These often prove
helpful.

Suppositories.—~The “-caing” preparations (Nupercaine,® Surfa-
caine,® butacaine, etc.) often produce semsitivity reactions; they
should be used cautiously.

Qther Measures ~Analgesics, sedatives, antibiotics, change in diet
and bowel care (see below) should be considered.

Surgical Measures.—These include: Excision, incision, stretching
(divulsion) of the sphincter, or division of the subcutaneous portion of
external sphincter.

Injection.—Sclerosing, anesthetic, or tattooing solutions are used
advantageously by those trained in this field.

Bowel care.~The bowel care requires consideration of—

Diet (bland, low-residue, nonallergic or general )

Lubricants (hygroscopic [methyl cellulose], petrolatum,
agar)

Antibiotics (locally, systemically or combined )

Antispasmodics, antiperistaltics (belladonna, opium, etc.)
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CHAPTER 17

The Biliary Tract

THE BILIARY TRACT is a complex system for the
conduction, concentration, pressure regulation and delivery of hepatic
secretion to the intestine (Fig. 85). The system consists of the right
and left hepatic ducts, the common hepatic duct, the cystic duct and
gallbladder, the common bile duct and the sphincter of Oddr The
common hepatic duct lies above the union of the cystic duct with
the common duct; the common bile duct lies below this union. The
proximal common bile duct lies within the free margin of the lesser
omentum; the distal portion passes behind the duodenum, then
through the head of the pancreas and enters the posteromedial wall
of the second portion of the duodenum obliquely. The common duct
1s about § cm. in length and 8 mm. in diameter, or somewhat smaller
than a pencil. The proximal or supraduodenal portion of the common
bile duct, the hepatic artery and the portal vein are all located in
the right border of the lesser omentum, which forms the anterior
boundary of the epiploic foramen (Winslow). The first two structures
lie anteriorly, the duct to the right and the artery to the left; and the
portal vein lies behind.

The gallbladder is a thin-walled, grayish blue, pear—shaped sac
which is attached to the inferor surface of the right lobe of the lver.
It is about 10 em. long and has a capacity of roughly 50 ml. Its bulbous
portion is called the “fundus,” and its narrowed portion the "ampulla."
Frequently, overlying the cystic duct there is a diverticulum-like en-
largement of the ampulla, known as “Hartmann’s pouch.” The ampulla
of the gallbladder 1s continuous with the cystic duct, which enters the
common duct.

The cystic duct is about 25 cm. in length and 34 mm in diameter.
It contains mucosal folds, or the spiral valves of Heister, which are

394
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Gallbladder
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Fic. 85.—Anatomic relationships of gallbladder, bile ducts, duodenum and head
of pancreas. The four davisions of the common bile duct and its position with respect
to the hepatic artery and portal vein are shown. The most frequent pattem of the

duct system and the vascular supply is depicted, but variations from this pattern are
the rulc rather than the exception,

probably concerned with the regulation of bile flow. The cystic duct,
which is often tortuous and has a beaded appearance, passes down-
ward and to the left to join the common duct; and the cystic artery
arises from the hepatic artery and passes under the common hepatic
duct to the gallbladder. These three structures—common duct, cystic
duct and cystic artery—form an anatomic triangle (Calot), the base of
which is the cystic artery.

The duodenal papilla (Vater) is a nipple-like projection located
within the duodenum about 10 cm. from the pylorie valve, which



CHAPTER 17

The Biliary Tract

THE BILIARY TRACT is a complex system for the
conduction, concentration, pressure regulation and delivery of hepatic
secretion to the intestine (Fig, 85). The system consists of the right
and left hepatic ducts, the common hepatic duct, the cystic duct and
gallbladder, the common bile duct and the sphincter of Oddi. The
common hepatic duct lies above the union of the cystic duct with
the common duct; the common bile duct lies below this union. The
proximal common bile duct lies within the free margin of the lesser
omentum, the distal portion passes behind the duodenum, then
through the head of the pancreas and enters the posteromedial wall
of the second portion of the duodenum obliquely. The common duct
is about 8 cm. in length and 8 mm. in diameter, or somewhat smaller
than a pencil. The proximal or supraduodenal portion of the common
bile duct, the hepatic artery and the portal ven are all located in
the right border of the lesser omentum, which forms the anterior
boundary of the epiploic foramen (Winslow). The first two structures
lie antenorly, the duct to the right and the artery to the left; and the
portal vein lies behind.

The gallbladder is a thin-walled, grayish blue, pear-shaped sac
which is attached to the inferior surface of the right lobe of the liver.
It is about 10 cm. long and has a capacity of roughly 50 ml. Its bulbou’s’
portion is called the “fundus,” and its narrowed portion the “ampulla.
Frequently, overlying the cystic duct there 15 a diverticulum-like en-
largement of the ampulla, known as “Hartmann’s pouch.” The ampulla
of the gallbladder is continuous with the cystic duct, which enters the
common duct.

The cystic duct is about 2.5 cm, in length and 3—f mm. in diameter.
It contains mucosal folds, or the spiral valves of Heister, which are
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osis); and when complete obstruction to the gallbladder outlet occurs,
the bile pigment is absorbed, producing so-called “white bile.” Like-
wise, under conditions of obstruction or inflammation, mucus is
secreted in increased amounts. When the mucosa is damaged, the
muscularis and serosa are also damaged. Inflammatory cell infiliration,
edema, scarring and a variable degree of interference with lymphatic
and blood flow develops. Over a period of time the entire wall becomes
thickened and contracted and there is loss of normal function.

The function of the gallbladder is integrated with that of the
sphincter of Oddi and the duodenum through autonomic and humoral
mechanisms. The smooth operation of this system depends on a normal
flow of hepatic bile, an open biliary tract, an absorptive gallbladder
membrane, a distensible and contractible gallbladder wall, a func-
tioning sphincter of Oddi and a balanced control mechanism. Obvi-
ously, there may be many conditions of organic and functional origin
which can interfere with the smooth operation of any segment of the
system and cause clinical symptoms.

The liver secretes bile continuously, but the output is increased
during meals, Before food passes into the duodenum, the sphincter of
Odd: is closed, hepatic bile enters the galibladder and, by a process
of absorption of water by the gallbladder, the bile is concentrated
up to ten times its original volume. When, after eating, gastric chyme
enters the duodenum, a hormone, cholecystokinin, is released into the
blood from the duodenal mucosa. This causes the gallbladder to con-
tract and empty its contents into the common duct and duodenum,
the sphincter having already opened. Bile (and pancreatic juice) enter
the duodenum in spurts as contraction of the gallbladder continues.
By the time the stomach has emptied, the gallbladder is also empty.
The sphincter now closes, the gallbladder then relaxes and again
begins to fill. When the gallbladder has been removed or has been
rendered functionless by disease, the mechanism for the concentration
ancl1 storage of bile is lost and bile flows into the duodenum continu-
ously.

The pathogenesi_s of Biliary tract disease is not completely under-
stood. While there is much evidence to indicate that it results from
metabolic disturbances rather than infection, infection often is super-
irx}poscd, once the disease is initiated. The association of gallbladder
dfsense with aging, pregnancy, obesity and degenerative vascular
diseases suggests that disorders of lipid metabolism, especially choles-
terol, are important. Gallstones are commonly associated with bil.iary
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represents the end of the common bile duct and the main pancreatic
duct. Ordinarily the common bile duct and the main pancreatic duct
unite at the ampulla of Vater, a slightly dilated portion of the com-
mon duct. The sphincter of Oddi is a ring of smooth muscle fibers
which encircles the duct system between the ampulla and the papilla
and serves to regulate the flow of bile and pancreatic juice into the
duodenum and to prevent regurgitation of fluid from the duodenum
mto the ducts.

The blood supply of the biliary tract, in common with other fore-
gut derivatives, is derived from the celiac axis, The hepatic artery
from the celiac axis gives off several branches to the stomach, duo-
denum and pancreas, and, via the cystic artery, supplies the gall-
bladder. It terminates as the right and left hepatic arteries. The hepatic
artery is the sole source of arterial blood flow to the liver, and occlu-
sion of this vessel usually leads to liver necrosis and death.

The veins of the biliary system dmin to the portal vein. The
lymphatics accompany the arteries and drain to nodes around the
common bile duct, the celinc axis and the liver hilum, as well as
directly to the lwver.

The gallbladder and bile ducts receive their nerve supply from
the autonomic nervous system through splanchnic and vagal fibers
Visceral pain from this area is referred to the upper abdominal zone,
and often to the back, the right scapula, the right shoulder and inter-
scapular areas through communications in the cord (T5to T9).

Variations in the anatomic pattern of the biliary tract are exceed-
ingly common~they may be said to be the rule rather than the excep-
tion. Both ducts and blood vessels are subject to anomalies of structure
and position. The importance of these variations lies in the fﬂC.t fh“t
too often they are not recognized at operation, and accidental injury
to the common duct or to the hepatic blood supply occurs. The
danger of injury is minimized if the structures are dissected out and
identified before they are ligated or divided. When the common (%uct
is injured, scarring with stricture formation follows and the patient
may die or suffer permanent invalidism.

The gallbladder wall is composed of three layers—the mucosa,
the muscularis and the serosa. The mucosa is a soft, folded, velvety
epithelial membrane which absorbs water, electrolytes, probably
some bile salts and possibly cholesterol, Here, too, mucus is secreted
into the bile. Disturbances in gallbladder absorption or secretion often
lead to precipitation of cholesterol crystals in the mucosa (cholester-
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ing response. Special intravenous media (Cholografin®) which afford
almost immediate visualization of the gallbladder and duct structures
are also available.

When there is disease of the biliary tract, the cholecystogram
may show that the gallbladder fills poorly or net at all, that it con-
tains radiopaque or radiolucent stones or that it empties poorly or not
at all. Whatever the radiographic findings may be, they must be
correlated with the clinical findings before evaluation of the patient’s
condition can be said to be complete. When the x-ray findings are
equivocal, the test should be repeated.

Disturbances of the pressure-regulating function of the biliary
tract are common, They may have their origin in the gallbladder, the
common duct, the sphincter of Oddi or the regional structures
{ stornach, duedenum, pancreas, ete.) and may be caused by inflamma-
tion, infection, stones, stenosis, tumors or neurogenic {autonomic)
influences Sometimes after cholecystectomy the patient may have
persistent complaints or new symptoms which are due to loss of the
pressure-regulating function of the biliary tract, or “biliary dyskinesia.”
In most cases, and provided that there is no organic disease, the com-
mon duct gradually dilates and the symptoms disappear,

A number of smooth-muscle relaxing drugs are effective in the
control of the symptoms of biliary dyskinesia as well as those of
biliary colic due to stone. The spasmolytic drugs include: mitro-
glycerin, amyl nitrite, papaverine, atropine and, in severe colic,
Demerol.®

Biliary tract disease starts in the gallbladder, where it may remain
localized; or it may extend to the duct structures, then the liver and
sometimes the pancreas. In the gallbladder it leads to pathologic and
physiologic alterations of the gallbladder wall and stone formation
(chronic cholecystitis with cholelithiasis). If the stones cause com-
plete obstruction of the gallbladder outlet, acute cholecystitis, empy-
ema of the gallbladder or hydrops of the gallbladder results accord-
ing to the duration of the obstruction and inflammation. Acute
obstructive cholecystitis may lead to ulceration, gangrene or rupture
of the gallbladder and to formation of a pericholecystic abscess, bile
peritonitis or cholecystoenteric fistula. ’

When the disease process extends to the common duct, stones
may be formed within the duct or may pass into the duct from the
gallbladder. The duct becomes dilated as a result of partial obstruc-
tion and inflammation. Infection is then frequent]y superimposed.
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tract disease and may develop suddenly over a period of months or
intermittently in “showers,” When precipitation once occurs in the
gallbladder, the stones may grow by accretion. It is not difficult to
understand the pathogenesis of pigment stones which are often
encountered in patients with congenital hemolytic anemia. In this
condition, large amounts of bilirubin are excreted in the bile; and
with concentration of this substance in the gallbladder, precipitation
occurs.

Whatever the underlying causes of gallbladder disease may be, the
pathologic changes which follow include: scarring of the gallbladder
wall, deposition of cholesterol crystals in the mucosa, stone formation
and altered absorption. Stasis and excessive concentration of the bile
follows. As the concentration of bile salts is increased, cholesterol
goes out of solution and erystallization occurs. A nidus for stone forma-
tion thus appears, and soon more cholesterol, bilirubin, caleium or
other substances are added.

Gallstones are single or multiple, small or large, smooth or irregu-
lar, round or faceted, soft or hard objects. They are brown, blacllc or
grayish in color and, when cut and polished, may resemble a precious
gem. Some gallstones are composed of many concentric rings, which
are, to some degree, an indication of the age and life history of the
stones. Usually the stones in any one patient are similar in size, shape
and composition.

Gallstones may le free within the gallbladder lumen or may
completely fill it. If they suddenly become impacted in the ampulla
or cystic duct, they cause obstruction and precipitate acute cholecys-
titis. Small stones often pass through the cystic duct into the common
bile duct; large stones sometimes erode through the gallbladder and
neighboring duodenum or colon, forming a cholecystoduodenal or
cholecystocolic fstula. If the stone is unable to pass through the
narrowed portions of the bowel ( duodenojejunal angle, ileocecal
valve, sigmoid colon), intestinal obstruction due to obturation occurs.

X-ray examination of the galibladder (cholecystography) con-
stitutes the single most important method for the evaluation of gall-
bladder function and the demonstration of stones. This test depends
on the ability of the gallbladder to concentrate and evacuate l}il.e
that contains a radiopaque organic iodine compound. The “dye” is
usually given orally the mght before the exammation; and the x?ext
morning, films of the gallbladder are made. F ollowing thus, the patient
is given a fat meal and the films are repeated to observe the empty-
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choleeystitis with stones is rapid and the follow-up results are good.
The follow-up results are generally poor when lttle evidence of
gallbladder disease and no stones are found at operation. For this
reason, cholecystectomy should not be undertaken unless the clinical
and x-ray evidence clearly implicate the gallbladder as the source of
trouble. As is true in many surgical conditions, the follow-up results
are best when the operative and pathologic findings can be definitely
correlated with the clinical picture.

Acute CHOLECYSTITIS

When the outlet of the gallbladder becomes suddenly and com-
pletely obstructed, acute cholecystitis follows. The usual cause of
the obstruction is a gallstone impacted in the gallbladder ampulla or
the cystic duct. On rare occasions, an inflammatory edema due to
infection or irritation of the mucosa by concentrated bile or reflux
of pancreatic juice may close the gallbladder outlet even in the
absence of stones. When obstruction occurs, there is stasis of bile,
mucosal irritation, increased mucus secretion and production of an
inflammatory exudate. Infection may then be superimposed. The gall-
bladder becomes distended, and soon interference with the blood,
lymphatic and tissue fluid interchange in its wall occurs. Ischemia,
ulceration, necrosis (Fig, 86) and perforation of the gallbladder wall
may then develop unless the obstruction is relieved. The obstruction
can be relieved spontaneously by displacement of the stone (into the
gallbladder fundus or through the cystic duct), by rupture of the
gallbladder or surgically by removal of the stone. Frequently, the
obstruction persists; and after the initial acute inflammatory reaction
(empyema of the gallbladder) has subsided, a chronic condition
known as hydrops of the gallbladder appears. In hydrops the gall-
bladder is often greatly distended, thin walled and filled with water-
clear mucus.

Acute cholecystitis is generally a complication of chronic chole-
cystitis. There is likely to be a history of previous indigestion, upper
abdominal distress, qualitative food intolerance and biliary col’ic. The
acute attack appears suddenly, with severe epigastric and right upper
quadrant pain and tendemess, often with referred pain to the back and
right shoulder, nausea and vomuting, fever and sometimes chills

There is striking upper abdominal tenderness and muscle gl:xard-
ng, most pronounced over the gallbladder area. The gallbladder is
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Soon the liver is involved as a result of cholangitis and back pressure,
and a varying degree of biliary cirrhosis develops. Similarly, the
process may extend to the pancreas, with the production of chronic
or recurrent acute pancreatitis.

CunoNic CHOLECYSTITIS

Gallbladder disease occurs in both men and women predominantly
after the age of forty. It is rare in childhood. Often the symptoms first
appear during the period of active sex life of the individual, but serious
disturbances do not appear until later in life. Although common in
“fertile females, who are fair, fat and forty,” the disease is by no means
limited to this category. It is usually associated with gallstones, and
symptoms result from impaired gallbladder function, bile stasis and
disturbed digestion.

The patient complains of upper abdominal distress or pain,
together with fulness and belching after meals, which is aggravated
by the ingestion of fatty, fried or bulky foods. There is heartbum,
nausea and sometimes vomiting of bile. Intermittent attacks of cohe,
often radiating into the back, shoulder or scapular area may be
prominent. Constipation, flatulence and bloating are common.

There arc few significant physical findings in uncomph'catefi
cases. Tenderness over the gallbladder region may be all that is
found. Generally the gallbladder is not palpable and the liver is not
enlarged, .

Likewise, there are no noteworthy changes in the blood, urine
or stool. Plain x-rays of the gallbladder area may show cnlcim_n-
containing radiopaque stones, or a chalecystogram may reveal radio-
lucent stones with absent or poor gallbladder filling,

Surgical treatment is recommended for established chronic chole-
cystitis with stones. The operation consists of removal of the gall-
bladder, careful examination of the common bile duct and exploration
of the duct, if indicated. The indications for common duct exploration
include: (1) existing jaundice or a history of jaundice, (2) palpable
stones within the duct, (3) enlargement or thickening of the duct,
(4) many small stones in the gallbladder or a large cystic duct
which would allow passage of stones and (5) stones or other abnor-
malities noted in x-ray studies made during the operation (operative
cholangiography). .

Usually, recovery from cholecystectomy for uncomplicated chronic
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In the differential diagnosis of acute cholecystitis, the following
diseases should be considered: perforated peptic ulcer, acute intestinal
obstruction, acute appendicitis, acute pancreatitis, renal colic and
acute caronary thrombosis. If the diagnosis is obscure, special studies
may be required and they should be made promptly. The special
studies include: plain films of the abdomen and chest, intravenous
pyelography, a serum amylase test and an electrocardiogram.

The treatment of acute cholecystitis depends on the general con-
dition of the patient, the local condition as indicated by the clinical
findings, and the duration of acute disease. Immediate operation is
necessary in some patients; and delayed operation (after the acute
process has subsided), in others. In certain, seriously ill patients the
operative treatment consists of simple drainage of the gallbladder
(cholecystostomy) aund removal of gallstones. In general, however,
cholecystectomy is the preferred operation and may be performed
erther shortly after the onset of acute cholecystitis (within forty-eight
hours) or, electively, after the acute process has subsided (usually
after about six weeks). During all phases of the illness, there is need
for the intelligent use of all the important nonoperative measures,
including gastrointestinal decompression, parenteral fluids, antibiotic
drugs, ete.

Obviously, treatment of acute cholecystitis must be individualized
according to the circumstances. However, certain generalizations are
possible. Good-risk patients with established acute cholecysttis of
relatively short duration (less than forty-eight hours) can be subjected
to cholecystectomy. Most patients with established cholecystitis of
greater duration should be treated conservatively and subjected to
elective cholecystectomy under more optimal conditions later. When,
however, while the patient is under observation, the signs and s -
toms indicate progression of the disease and thz.:tw L

pture of the gall-

bladder is impending, or when the diagnosis is in doubt, early
operation iy indicated.

Conraton Duer Stones

The possibility of stones within the common bile duct should be
considered in all patients who present evidence of biliary tract
disease. When present, common duct stones are practically always
associated with gallbladder stones; but after removal of the a{l-
bladder, they may be retained within the common duct or ma)% be
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often palpable as a globular mass at the right costal margin, with the
mass moving on respiration, Murphy’s sign of acute gallbladder inflam-
mation is positive. The sign consists of a sudden arrest of inspiration
because of pain when the hand is held over the gallbladder area and
the patient 15 asked to take a deep breath.

The urine is normal, except in acute cholecystitis complicated

r' - e "\:.‘:;?E"""""T" R |
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Fi16. 86 —Acute obstructive cholecystitis wath tension necrosss of the gallbladder
fundus. Rupture of the gallbladder has not yet occurred An impacted stone “{ﬂs
removed from the neck of the gallbladder, and drainage was estabhshed by chole-
cystotomy The patient made an uneventful recovery.

by dehydration, alkalosis, ketosis or diabetes. It should be recalled
that cholecystitis and diabetes mellitus are often coexistent.

The blood findings are those of acute inflammation and are
therefore nonspecific. Leukocytes in excess of 15,000/cu. mm with 2
predominance of polymorphonuclear elements is a common finding.
The red cell values are unchanged except as they are influenced by
dehydration

Plain x-ray films of the abdomen often reveal radiopaque stones,
since about 20 per cent of the patients with gallstones have calcium-
containing calculi Plain films will also be helpful with respect to
differential diagnosis, to the extent that they often serve to rule mft
other common causes of acute abdominal pain. Cholecystography is
of no value, because the obstructed gallbladder does not fill with dye.
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bilirubin and serum alkaline phosphatase, and practically normal
hepatic function tests. When the obstruction is persistent, hepatic
function becomes more and more impaired. The liver profile ultimately
comes to resemble that of diffuse parenchymal disease. The prothrom-
bin level falls, the flocculation tests become positive and the serum
proteins, particularly the albumin fraction, are decreased. (See
Chapter 18, on the Liver.)

All patients with impaired hepatic function with or without ob-
structive jaundice should be placed on a short, but intensive, regimen
to improve liver function before operation. This should include cor-
rection of fluid and electrolyte imbalance, restoration of normal blood
values, correction of the prothrombin deficiency, a high intake of
carbohydrate, protein and vitamins and the administration of broad-
spectrum antibiotics, if indicated.

The surgical treatment consists of removal of stones from the com-
mon bile duct and the re-establishment of its patency, together with re-
moval of the diseased gallbladder. The duct is closed around a T-tube
drain, the short arm of which is placed inside the duct. X-rays of
the duct after the injection of contrast medium are often taken before
closure of the abdomen, to demonstrate that the duct has been com-
pletely cleared and is open. The T-tube is usually removed in about
ten days, and the opening in the duct closes spontaneously.

CANCER OF THE GALLBLADDER AND BILE Ducrs

This is an infrequent type of cancer which is nearly always en-
countered in patients who have pre-existing biliary tract disease and
gallstones. The association suggests that chronic irritation from stones
plays a role in the pathogenesis of cancer, but the point remains
unproved.

The tumor can arise in any portion of the mucosa of the gall-
bladder, grow into the wall and lumen and eventually occlude the
gallbladder outlet. The tumor may spread to the liver and the common
duct directly, as well as to the regional nodes through lymphatics.
Usually by the time operation is undertaken, the condition has alre
become incurable.

The signs and symptoms of carcinoma of the biliary tract are
similar to thost; of benign disease except that in this condition the
course is one of progressive deterioration. With obstructi -
bladder becomes distended with white bile and tumo:.k lI):;r(:‘]hveeng;:gt

ady
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formed within it. Thus, patients who complain of persistence or recur-
rence of biliary tract symptoms months, or years, after cholecystectomy
may harbor common duct stones.

Common duct stones are a frequent cause of obstructive jaundice.
The stones (or stone) usually pass into the terminal portion of the
duct and by means of a “ball valve” mechanism produce intermittent
jaundice, with colicky pain, chills and fever, pruritus, light stools and
dark urine. If the stone becomes impacted within the duct, the jaundice
is likely to be persistent. In some instances the stone is “silent” and
painless. Jaundice which results may closely simulate the clinical
picture of obstructive jaundice due to cancer of the head of the
pancreas. In still other cases, jaundice may not appear because the
degree of obstruction is insuflicient to cause bile retention. The pres-
ence of common duct stones should be suspected from a history of
recurrent attacks of pain, fever, chills, and changes in the color of the
stool and urine, even in the absence of a history of jaundice.

The findings on physical examination are not remarkable except
when there is overt jaundice and hepatic insufficiency. The gallbladder
is generally not palpable, because long-standing inflammation and
thickening have caused it to become contracted and nondistensxb'le
This is an important point in the differentiation of benign from malig-
nant types of obstructive jaundice (Courvoisier’s rule). In malignant
obstruction of the common bile duct due to cancer of the head of the
pancreas, the gallbladder is thin-walled, distensible and often palpable.

With common duct stones, there is soreness and tenderness in the
right upper quadrant. The liver border is firm and extends below ﬂ}e
costal margin. Often the sclerae are discolored or “muddy” even in
the absence of jaundice. There may be excoriations of pruritus, in-
frequently vascular “spiders” and occasionally subcutaneous hemo.r-
rthages due to the bleeding tendency that accompanies prothrombin
deficiency. Weight loss and weakness are usual, but generally not so
advanced as when due to mahgnant disease of the pancreas or bile
ducts.

The laboratory studies are important when there is evidence of
duct obstruction and impaired liver function, In these conditions the
alterations in the urine, stool, blood and liver tests (liver proﬁle)
will depend on the degree and duration of duct obstruction and liver
damage Patients with complete common duct obstruction of short
duration (weeks) generally have bilirubin but no urobilinogen in the
urine, no bile pigment in the stool, moderate elevation of the serum
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of the common duct results in obstructive jaundice. Soon the liver
becomes enlarged and nodular. Fever, chills, vomiting and rapid loss
of weight and strength follow.

Curative surgical treatment is possible only when the disease is
localized to the gallbladder. Not infrequently, conditions are favor-
able for cure when early cancer of the gallbladder is found in patients
operated on for benign disease. Palliative surgical treatment for ad-
vanced conditions is unrewarding, and radiation therapy is rarely
helpful.

POSTCHOLECYSTECTOMY SYNDROME

The term “postcholecystectomy syndrome” has been applied to an
ill-defined group of symptoms which sometimes appear after chole-
cystectomy. The symptoms are similar in many respects to those of
primary discase of the biliary tract and consist of epigastric distress,
especially after eating, fulness, belching and sometimes regurgitation,
intolerance to fatty foods, ete. They may be the result of residual
disease of the bile ducts (e.g.,, common duct stone) or dysfunction of
the sphincter mechanism (dyskinesia), or due to disturbances beyond
the bile ducts (chronic pancreatitis, hiatal hernia of the stomach,
peptic ulcer, duodenal diverticuli). In the Iatter group, removal of the
gallbladder could not be expected to relieve all symptoms.

In order that the patient be given the best chances for relief of
the distress for which he has consulted the surgeon and submitted to
operation, it is necessary that the diagnosis of gallbladder disease be
correct, that those diseases which simulate galibladder disease be ex-
cluded, that the discased gallbladder be removed, that the duct
structures be cleared if necessary and that the postoperative care be
good. If these conditions are fullfilled, postcholecystectomy symptoms
will be few and usually transient.
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CHAPTER 18

The Liver

THE LIVER is the largest organ in the body. It
weighs about 1,500 Gm. in the normal adult. Aside from traumatic
injuries, abscesses and occasional neoplasms (primary or localized
metastatic tumors), most conditions of the liver are not amenable
to direct surgical measures. More often the liver is the site of physio-
logic or biochemical alterations which arise from metabolic, nutritional
or infectious causes, bile duct or vascular obstructions and congenital
or neoplastic diseases. These states lead to localized or diffuse changes
in hepatic structure and function, Thus the liver may be affected by
a wide variety of acute and chronic conditions, and it becomes neces-
sary to think in terms of liver function whenever the total body
economy has been or is to be taxed. In fact, the liver should be re-
garded as the great dynamic chemical factory and regulatory center
of the body which participates in an endless number of known and
unknown metabolic processes.

Liver function depends largely on the integrity of the polygonfll'
cell, which is often damaged in hepatic disease. The other major
components of the liver include: the Kupifer cells, which are a part
of the reticuloendothelial system; the bile duct system; the vasculat
network, ie., the hepatic artery and its branches, the portal system,
the hepatic sinusoids, the hepatic veins and the hepatic Iymphatic
system, and the stroma, a connective tissue framework which plays an
important role in the reaction of the liver to injury.

The liver has a double interconnecting blood vascular systeo:
The hepatic artery supplies about 25 per cent of the blood entering
the liver and is the chief source of oxygen. The portal vein contributes
about 75 per cent of the blood to the liver and conveys the pmducts
of digestion, as well as insulin and other substances. The hepatic
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sinusoids receive blood from both the arterial and the venous inflow
systems and drain to the central veins, which convey blood to the
hepatic veins, which in turn drain to the systemic circulation (inferior
vena cava).

The bile ducts of the liver are in intimate relationship with the
polygonal cells and serve as conduits for the passage of bile from
the liver to the intestine. The bile canaliculi lie between the cords of
hepatic cells and drain to the interlobular ducts, then to the left and
right hepatic ducts, which form the common hepatic duct at the
liver nlus. The common hepatic duct becomes the common bile duct
where the cystic duct enters the duct system. The common bile duct
terminates at the papilla of Vater in the second portion of the
duodenum.

The liver has a remarkable degree of both functional reserve and
regenerative capacity. This is illustrated by the fact that in the experi-
mental animal about 80 per cent of the liver can be removed without
severe functional impairment and, following this, regeneration will
occur with restoration to normal size in six to eight weeks. Further-
more, even when serious liver damage is produced, all hepatic
functions may not be disturbed to the same degree. Some hepatic
functions may be greatly impaired while others remain normal or
neatly normal. This has been called “dissociation” of functions. It is
related to the type and degree of hepatic cell damage and varies
according to time factors. It is possible that some functions which may
be altered at one time, then become normal and others become
disturbed. It should be apparent that hepatic functions are subject
to great variation and must not be judged simply on the basis of
function tests, but instead must be evaluated with respect to all
available clinical and biochemical data.

Broadly speaking, the functions of the liver (Fig. 87) may be
considered under three categories: metabglism, detoxification and ex-
cretion. Many materials enter the liver, where they are reduced to
intermediate compounds, reconstituted, and stored or excreted in the
orginal form or in new forms. The polygonal cell performs most of
this metabolic work. Monosaccharides entering the liver are poly-
merized to glycogen and stored, or metabolized to the production
of protein or fat, or formed into the polysaccharide heparin. Amino
acids liberated in the intestine through digestive processes and trans-
ported to the liver are aggregated into new protein molecules which

are required for maintenance and growth of tissues, or converted into
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other types of amino acids, or deaminized and converted into carbo-
bydrate or fat. The amino groups (NH:) that are split off are syn-
thesized to urea in the liver. Fatty acids are also reshaped by the liver
for storage or combustion. Liver fats are in dynamic equilibrium with
body fats; and in the liver most fats are merely in transit, only a
small portion being stored. Fats may be oxidized to ketone bodies
and bumed, converted into carbohydrate, used in the synthesis of
cholesterol or phospholipid or stored.

‘The liver is the main reservoir of sugar in the body. Here, during
absorption, glucose is converted to glycogen and stored. Glucose is
delivered to the blood stream and to the tissues as needed between
meals. Although many factors are involved, the liver plays a dominant
role in the regulation of the blood sugar. Under conditions of liver
injury, the hepatic cells are depleted of glycogen reserves and become
increasingly susceptible to the damaging effects of various toxic agents
(chloroform, bacterial toxins, anoxia, etc.). This is the basis for the
time-honored practice of administering large amounts of carbohydrate
to patients with liver disease.

The liver is concerned in the elaboration and maintenance of the
plasma and tissue proteins. Albumin, fibrinogen and prothrombin are
products of liver metabolism, while the globulins are formed outside
the liver, particularly in the cells of the reticuloendothelial system. In
serious hepatic disease the levels of the circulating proteins are often
decreased. In health, some newly synthesized protein is stored in the
lver, where it can be easily mobilized. Under conditions of malnutri-
tion, these stores become depleted; and, as is the case when liver
glycogen is depleted, the hepatic cells become more susceptible to the
mjurious effects of endogenous and exogenous toxins. On the other
hand, when the liver contains increased amounts of fat, it also exhibits
an increased susceptibility to the effects of hepatic toxins. Optimum
protection to the liver from these adverse effects can be afforded by
relatively high levels of carbohydrate and protein storage and low fat
storage.

Vitamin metabolism and hepatic function are also interrelated.
In liver disease with failure of bile production or secretion, poor
intestinal absorption of the fat-soluble substances (vitamins A, D, E
and K) occurs, In advanced liver disease, defects in intermediary
metabolism can Jlead to faulty utilization or storage of other essential

5“"45‘“““35, especially the B complex and erythrocyte-maturing factors.
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The liver is also concemned in the metabolism of minerals, such as
iron, copper, manganese and zine.

The liver forms and excretes bile continuously, and thus serves as
ong of the main excretory organs of the body. Bile is chiefly a mixture
of water, bile pigment, bile salts and cholesterol. Bile pigment is
formed from hemoglobin released from red blood cell breakdown.
Hemoglobin is a specific protein, globin, to which heme, the pigment
radical, is attached. Iron is essential for the respiratory properties of
heme. The heme molecule is made up of iron and four pyrrole nngs
united by methene bridges (—CH). In some manner, the heme ring
is broken at the alpha methene bridge by the reticuloendothelial cells.
The result is a straight-chain iron-biliverdin-globin compound whic.h
has the characteristic color of the verdohemoglobins. This substance is
rapidly reduced to a bilirubin-globin complex. Bilirubm is separated
from its protein portion in the liver and excreted. After reaching the
intestine, bilirubin is converted to urobilinogen through the action of
bacteria. A whole fanuly of urobilinogens and urobithns is formed,
and these in large measure account for the normal brown color of
the feces. Some urobilinogen is reabsorbed and retumns, via !he.poml
system, to the liver. Here some is transformed back to bilirubin and
re-excreted, and a small amount enters the systemic circulation and
is excreted by the kidneys.

The bile salts, sodium taurocholate and sodium glycocholate, are
produced in the liver and secreted in the bile. They are formed by
the conjugation of cholic and desoxycholic acid, derived from choles-
terol, with taurine and glycine. Normally, the bile salts are reabsorbed
from the mtestine and resecreted. Thus the body conserves bile.saItS
by means of an enterohepatic cycle. With either intrahepthc or
extrahepatic blcckage to bile flow, bile salts accumulate in the
circulation. The pruritus of jaundice, which is most severe in extra-
hepatic obstruction, is believed to be due to excessive amounts of
bile salts in the blood.

Normally, cholesterol and fatty acids are joined in the liver to form
cholesterol esters, which constitute approximately 70-75 per cent
of the total circulating cholesterol. The exact role of the liver m the
metabolism and excretion of cholesterol and cholesterol esters is m-
completely understood. In hepatic disease the levels of these sub-
stances are altered, most often in the direction of mcreased levels with
obstruction of the bile passages and decreased levels in hepatic paren-
chymal disease; but the findings are quite variable.
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JAUNDICE

Jaundice exists when there is retention of bilirubin in the blood.
It is produced by three primary disturbances:

1. Excessive breakdown of red blood cells (hemolytic jaundice,

acholuric jaundice, prehepatic jaundice)

2, Disturbances of the hepatic parenchyma (hepatocellular jaun-
dice, retention jaundice, intrahepatic jaundice or medical
jaundice)

3. Obstruction to bile outflow from the liver (obstructive jaundice,
regurgitation jaundice, posthepatic or extrahepatic jaundice, or
surgical jaundice)

The clinical and laboratory features of hepatocellular and obstruc-
tive jaundice are often quite similar. It is important, therefore, for
the clinician to have a clear understanding of the basic mechanisms
which produce these conditions, the methods available for differen-
tating them and the types of treatment required. It should be apparent
that surgical treatment in the former is likely to be harmful, while
delay incident to medical treatment in the latter may also be harmful.

Hemolytic jaundice usually poses no serious problems in diagnosis
or treatment. In its uncomplicated form it is unassociated with disease
of the liver or bile passages and will not be considered further in this
discussion.

Hepatocellular jaundice results from primary mjury to the liver
cells, It is due to infections, hepatotoxic agents, nutritional deficiencies
or metabolic disorders which lead to interference with the bilirubin
transport mechanism, as well as other disturbances in hepatic cell
function. It is not amenable to surgical treatment and js sometimes
referred to as “medical jaundice.”

Obstructive jaundice is usually due to the following conditions:
1. Common bile duct stone or stones (choledocholithiasis)

2. Malignant tumor obstructing the bile ducts (the tumor may be

a primary cancer of the head of the pancreas, of the ampulla of

Vater or of the gallbladder and bile ducts, or secondary meta-

static cancer to the liver hilus or the liver parenchyma)

Stricture of the common bile duct or common hepatic duct,

usually following duct injury during cholecystectomy

4. Constriction or compression of the common bile duct as a
tesult of chronic pancreatitis

5. Congenital atresia or aplasia of the bile ducts in the newborn

[
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When obstruction to the bile passages develops, there is inevitably
some associated damage to the liver cells from interference with
hepatic circulation, back pressure in the bile passages and bile stasis
and infection, leading to hepatic cell injury and impaired function,
with fibrosis and permanent damage if obstruction is prolonged. The
degree of liver damage is directly related to the degree and duration
of the obstruction to the bile flow. In the carly stages of obstructive
jaundice there may only be slight alterations in liver cells, and the liver
function tests are usually normal.

The patient with jaundice poses at least three important questions:
Is the jaundice of hemolytic, obstructive or nonobstructive origin? I
the jaundice is of obstructive origin, what is the pmbablc cause or
causes? Is operative treatment indicated, and, if so, when should 1t
be undertaken?

The differential diagnosis of jaundice can be estabhshed in the
great majority of cases (about 80-85 per cent) on the basis of a careful
analysis of the clnical history, physical examination and a few simple
tests of the blood, urine and stool. In a small group of patients, re-
peated observations and more complicated tests of Dbile pigment
metabolism and liver function are necessary; and in the remainder,
usually the diagnosis cannot be established short of abdominal
exploration.

Generally, jaundice does not call for emergency treatment and
there is time to observe and study the patient. This does not mean,
however, that prolonged or unreasonable delay should be permn!te.d
simply because an accurate anatomic and pathologic diagnosis is
desirable 1f, meanwhile, the patient’s condition is deteriorating and the
chances for possible beneficial operative treatment are decreasing. In
general, the period of observation and preoperative treatment in sur-
gical jaundice should not exceed a week or ten days, and it is usually
less than this,

History

In considering the diagnosis, careful should be made
of the patient’s age, sex, body habitus, past health, exposure to in-
fectious diseases, hepatotoxic agents, viral hepatitis, dietary intake,
alcoholism, blood or plasma transfusions and chlorpromazine (Thora-
zine®) administration. The Iatter drug has been found to produce
obstructive jaundice of the intrahepatic type, which physiologically
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and pathologically closely simulates that caused by extrahepatic block,

The mode of onset of jaundice and its relationship to pain, fever,
chills, malaise and asthenia, rapid weight loss, nausea and vomiting
will in many instances give a clue to the underlying disturbance,
Similarly, the course of the jaundice (increasing, constant, fluctuating
or decreasing), especially if corroborated by someone other than the
patient himself, may be an indjcation of the underlying mechanism
of its production. There is also a correlation between the degree of
the interference with bile flow and changes observed in the color of
the urine and the stool. For example, commenly the patient will
observe that the urine becomes dark and the stool becomes light
colored shortly before the onset of jaundice. During the course of
jaundice, and often fated with imp! in the patients
symptoms, the urine will become lighter and the stool will become
more normal in appearance. Cyclic changes of this type over a period
of days or weeks may be correlated with intermittent or partial ex-
trahepatic obstruction, such as occurs with a “ball valve” obstruction
due to common bile duct stone. On the other hand, obstruction of
the common bile duct due to carcinoma of the head of the pancreas
is more likely to produce rapid, complete and progressive or sustained
obstruction to bile flow without significant amelioration or fuctuation
in the intensity of the jaundice or the color of the urine or stool.
During this period the symptoms may also be expected to become
more severe and the patient’s general condition to deteriorate, Another
item of some diagnostic importance is the association of obstructive
jaundice with persistent blood (usually occult) in the stool. In the
absence of an obvious cause for melena and jaundice, the possibility
of an ulcerating and obstructing tumor of the papilla or ampulla of
Vater must be considered.

Severe and relatively intractable generalized pruritus favors the
diagnosi.s of obstrut_:tive jaundice but, per se, does not suggest the
underlying mechanism of its production. The cause of pruritus is
unknown, although it is presumed to result from the retention of bile
salts. It is significant that pruritus disappears almost immedia
following the release of obstruction to the flow of bile.

tely

Puysicar ExaminaTion

) There are f:cmin ttems in the general examination which are
important in differential diagnosis. These include: the general ap-
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pearance of the patient and the intensity of the jaundice (which can
be correlated roughly with the serum bilirubin level); the signs of
weight loss and nutritional depletion; the degree of anemia; the
presence of vascular spiders, chiefly over the trunk, upper estremtics
and the shoulder girdle; the presence of dilated veins over the abdo-
men (caput medusae), which are collateral channels around the
obstructed portal system (e.g.,, Lacnnec's cirrhosis); the size, consist-
ency and nodularity of the liver; ascites; distended palpable gallblad-
der; splenomegaly; and the presence of other masses or enlargements
which may suggest the existence of abdominal cancer.

X-ray EXAMINATION

The radiographic studies may be helpful, but negative findings do
not preclude constderation of those conditions which are suggested by
the clinical examination. For example, in cancer of the head of the
pancreas the duodenal loop may be widened by the tumor, but the
absence of this sign does not necessarily exclude this diagnosis. The
presence of a persistent deformity in the second portion of the duo-
denum at the location of the papilla of Vater suggests the presence
of a tumor, but the absence of this finding does not rule out such'ﬂ
tumor. Stones in the galibladder and/or common bile duct may contain
enough calcium to make them opaque to x-rays. If gallstones are sect,
the presumptive diagnosis could be jaundice due to calculous obstruc-
tion of the common duct, but the absence of stones on the plain film
does not rule out this diagnosis.

When the patient is jaundiced, the usual method of cholecystog:
raphy is not helpful and may be harmful. There is usually insufficient
excretion or concentration of iodine-containing media to produce a
shadow on the x-ray film. Recently an iodine-containing prepﬂ'l‘ﬂtlof‘
(Cholografin®), which may be given intravenously and which is
rapidly excreted by the liver, has proved useful for demonstrating the
bile ducts even 1n presence of incomplete or partial blockage If the
serum bilirubin level does not exceed about 3.5 mg./100 ml, the duct
system can often be opacified by this substance; but if the degree of
retention exceeds this level, it 1s unlikely that the examination will
be helpful. By the use of Cholografin,® one may, in questionable
cases, establish the presence (or absence) of obstruction to the duct
system, the amount of dilatation and possibly the cause of the
obstruction.



THE LIVER 417

A summary of the clinical data which may be helpful in the
differential diagnosis of jaundice follows:

Past HisToRy:

1. Previous episodes of jaundice (hemolytic crises) and jaundice in
other members of the family suggest the possibility of congenital hemolytic
icterus.

9. A previous history of gallbladder colic suggests stone (or stones) in
the common bile duct.

3. A history of a previous operation on the biliary passages suggests the
possibility of stricture of the common duct or a remaining common duct stone
{or stones).

4. A history of recent administration of hep ic drugs suggests
hepatocellular jaundice.”

5. A history of a recent acute 1llness suggests infectious hepatitis.

6. A history of chronic illness and/or of alcohclism and malnutrition sug-
gests hepatic cirrhosis.

7. A history of administration of blood, plasma or intravenous medica-

tion followed in about three months by jaundice suggests homologous serum
hepatitis.

ONSET:

1. A sudden onset of right upper quadrant pain, with chills and fever,
followed by jaundice suggests stones in the common duct.

2. A sudden onset of jaundice, chills and fever, associated with an en-
larged and painful liver, suggests hepatitis.

3. A slow onset of painless jaundice suggests obstruction due to cancer.
CoursE:

a@ 1. Jaundice appearing rapidly and then leveling off suggests intrahepatic
1sease,
2. Fluctuating or recurrent jaundice suggests common duct stones.

1%. Progressive jaundice with light stools and dark urine suggests neo-
plastic disease.

Pamn:

1. Heavy, dr\:sgging upper abdominal pain suggests hepatic disease.

2, Sharp, colicky pain suggests common duct stones.

3. Severe deep, boring back pain, or lack of pain may suggest cancer of
the pancreas,

DiGESTIVE DISTURBANCES:

L. A history of gallbladder symptoms over a period
possn},)ili‘:y of common duct stones. r of years suggests the
struc:-ion.m)mm, rapid weight loss, and asthenja suggest malignant ob-

*Unlike the jaundice resulting from most h
{'Thorazine®) sometimes prod ini drugs, chl i
e ) somet cs pi u.oe: l;lsle clinical and lahoratory picture of obstructive
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3. A lustory of an inadequate food intake and alcoholsm suggests the
possibility of cirthosis.
Prunrrus:

Varable and of httle diagnostic value; but if severe, favors obstruction,
either benign or malignant.
AGE AND Skx:

1. Jaundice in early life suggests a hemolytic or intrahepatic ongin.

Fic. 88.~Coun oisier’s rule 1n obstructive jaundice: A, when obstructive ]aun]-
dice is due to stone 1n the common bile duct, the gallbladder tends to be small,
contracted and not palpable, B, when obstructive jaundice is due to cancer of the
head of the pancreas, the gallbladder tends to be lurge, distended and palPﬂb!e~
These findings are explained on the basis of pre-existing scarring and lack of is-
tensibility due to chrome mfl i hol ith cholelithiasts, which 15

m is with S 1
usually assoctated with common duct stone, and absence of scarnng with normal
distensibiluty of the gallbladder in neoplastic obstruction,

2. In later ife, especially in the male, cancer of the pancreas and cirtho-
sis are common.

3. In later Iife, especially in the female, galibladder disease and common
duct stones are common.
SPIDER ANGIOMATA:

Favor parenchymal liver disease but are not diagnostic. .
Liver ENLARGEMENT:

1. If early in the course of jaundice, suggests intrahepatic disease.

2. If late, suggests extrahepatic disease.

3. A smooth, soft, tender liver suggests hepatitis.

4. A firm, nodular liver border suggests cirrhosis or metastatic cancer.
SpLENIC ENLARGEMENT:

1. Suggests hemolytic jaundice.
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2, Consider congestive splenomegaly secondary to cirthosis if other signs
of hepatic disease are noted. .

GALLBLADDER ENLARGEMENT:

1. If distended and palpable, favors neoplastic obstruction of the com-
mon duct (Courvoisier’s rule, Fig. 88).

2. If gallbladder is not palpable, no diagnostic implication; but odds
would favor caleulous obstruction (ball valve) or parenchymal liver disease
rather than malignant obstruction.

ASCITES:

1. Favors the diagnosis of cirrhosis or metastatic cancer to the liver or
peritoneum.

9. Absence of ascites favors diagnosis of benign extrahepatic obstruction
if jaundice is of long standing.

LIVER FUNCTION TESTS

There are many tests available for the evaluation of various liver
functions. Obviously, no single test can be expected to indicate the
host of activities which take place in this complex organ. Further-
more, the dynamic quality of liver metabolism is such that changes in
the direction of either impairment or improvement may occur rapidly.
Thus 1t is necessary to secure several tests of liver function, when they
are indicated, and to perform them serially if necessary. The tremen-
dous reserve and regenerative capacity of the liver and the tendency
to dissociation of functions, already mentioned, points up the need for
careful evaluation when the physician is faced with the problem of a
chronically 11l patient who presents normal laboratory findings. It is
possible for the liver to be “sick” despite negative laboratcry ﬁndings.

The liver function tests (Table 18) can be used to detect and
measure various types of hepatic insufficiency, to estimate residual
damage after recovery, to follow the trend of the disease, to evaluate
the preoperative surgical risk, to aid in the selection and timing of
surgical procedures and to assist in differentiating the type of jaundice.
Because some grouping of laboratory procedures is necessary for
oricqtation, these tests may be considered in two categories: excretion
and metabolism. Since the detoxifying functions of the liver are actu-
ally metabolic functions, they may be combined under one heading.

Excrerory Funcrions

SERM BILIRUBIN.—-As previously stated, the breakdown of red

blood cells in the reticuloendothelial system yields a bilirubin-glnbin
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complex which is carried to the liver, where the globin is split off and
free bilirubin is excreted in the bile. This is a greatly aversimplified
statement of the changes that occur.

Van den Bergl's original conception of the different reacting por-
tions of bilirubin is still useful. He recognized two types of reactions
occurring in different types of body fluids. When the diazo-reagent was
added to bile or to the serum of patients with obstructive jaundice, a
reaction occurred promptly. However, when this reagent was added
to hemorrhagic fluid from body cavities or to blood serum from pa-
tients with hemolytic jaundice, a reaction was slow to develop. He
noted that if alechol was added, the reaction became maximal almost
the same moment. The direct reaction is that which occurs promptly
after the addition of the diazo-reagent alone; the indirect reaction
is that which occurs after the addition of diazo-reagent and alcohol.
The concept that there are two types of bilirubin—one “free” and
yielding a prompt or direct reaction with diazo-reagent, the other
bound to protein and giving a delayed or indirect response to diazo-
reagent~was based on these observations,

The terms direct and indirect van den Bergh reaction fell into
discard when it was determined that one could not, by this means,
differentiate obstructive from hepatocellular disease, since practically
all sera from jaundiced patients contain some of both fractions. In
spite of this, the reaction still has considerable usefulness. The original
pracedure has been modified by arbitrarily measuring the direct reac-
tion at one minute and the total at the end of fifteen to thirty minutes.
The difference between the direct reacting fraction and the total
bilirubin is the indirect fraction. The upper limit of normal is: 0.25
mg./100 ml, for one minute bilirubin and 1.0 mg. for total bilirubin,

The value of the bilimbin partition lies in the significance of the
one minute portion. Frequently in mild or early hepatic disease the
total bilirubin Jevel will be normal, while the one minute bilirubin is
abnormally elevated. The one minute bilirubin is of particular value
in hepatitis in both the early and the convalescent stages and in mild
cirrhosis. Usually, in uncomplicated hemolytic icterus the preponder-
ance of elevated bilirubin is in the indirect fraction,

Ieterus Index.~The ordinary method for determining the icterus
index consists in comparing the patient’s serum to a standard solution
of 1:10,000 p ium dichromate, the color i ity of which is taken

.xsllllmity. 'Ot;her factors which add color to the serum during the tests
will p

3
gs. The most common causes of error
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are carotenemia, hemoglobinemia, lipemia and the presence of pymole
compounds. Although the test is satisfactory for most clinical purposes,
chemical determination of serum bilirubin is usually preferred. The
normal values are 2-8 units.

Brozsurrnarein,—Bromsulphalein (BSP) retention is a most use-
ful test of hepatic function in nonjaundiced patients and is of particu-
lar value in detecting marginal degrees of hepatic dysfunction. This
substance is removed from the blood by the liver and excreted in the
bile. Recent work indicates that BSP is picked up by the parenchymal
cells, stored for a variable length of time and then excreted. The
Kupffer cells probably play no part in BSP removal or excretion. The
test is performed by introducing intravenously 5 mg. of the dye/kg.
of body weight and removing a blood sample at forty-five minutes
for the colorimetric determination. A value greater than 5 per cent
retention 1s abnormal.

In hepatic disease, BSP removal is impaired by cellular failure
and/or decreased hepatic blood flow. Reduced hepatic blood flow
decreases the rate of BSP removal regardless of the functional stflte
of the liver cells. In cardiac failure, abnormal levels of BSP retention
may occur simply because decreased hepatic blood flow exists. Emer-
gency BSP determinations have been advocated as an aid in the
differential diagnosis of acute gastrointestinal hemorrhage from eso-
phageal varices associated with cirrhosis and peptic ulcer. Although
the test is of value in this fon, one must ber that shock
from blood loss may be responsible for false positive reactions.

ALKALINE PuospuaTase.—“Phosphatase” is a term applied to one
or more enzymes hydrolyzing phosphoric acid ester substmte.s. The
several methods employed in 1its determination are all similar in that
they measure the phosphate set free as inorganic phosphate when the
enzyme present in the blood is permitted to act on a phosphonc ester
substrate under standardized conditions. The Bodansky method is
commonly used in this country. The normal range is 1-4 Bodansky
umts.

The exact nature of circulating phosphatase is unknown. The. en-
zyme 15 produced in bone and m other tissues, meluding the liver.
Rapidly proliferating cells, such as certain carcinoma cells or regen-
erating liver cells, are particularly prolific in their production of this
substance. Biliary excretion of phosphatase is well established, and
it has been shown that all of the rise associated with obstruction of the
biliary passages is not due to delayed excretion per se. The highest
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blood levels of alkaline phosphatase are found in obstructive jaundice;
however, considerable elevation occurs in the absence of jaundice in
such conditions as bone tumors and metastatic carcinoma of the liver.
In experimental animals, ligation of a small segment of bile ducts
will produce elevated phosphatase values without bilirubin retention.
Thus it appears that there 1s a mechanism present for the selective
retention of phosphatase. Proliferating bile duct epithelium is espe-
cially prone to produce abnormal results, and high levels are often
encountered in biliary cirthosis.

It has been observed that, when the alkaline phosphatase is above
15 Bodansky units and jaundice is deepening, obstruction is likely;
whereas, if the level is below 10 Bodansky units, diffuse damage of the
hepatic parenchyma is probable, The diagnostic value of the test is
limited by the fact that moderate rises may occur in jaundice due to
either obstruction or hepatitis, However, normal values are unusual
in obstructive jaundice.

Unine anp Fecar BiLe anp Urosinocen.—The tests for bile and
urobilinogen in the stool and in the feces are of considerable clinical
importance. They are simple and easy to perform: the reagents are
stable; and much uscful information can be obtained through their
routine use.

Under normal conditions (Fig. 89, A) 40-280 mg. of urobilinogen

appears in the feces per day and 0.5-3 mg, in the urine. Alterations in |

the excretion of these substances can be detected by simple qualitative
methods or exact quantitative tests.

Patients with uncomplicated hemolytic jaundice (Fig. 89, B) form
bilirubin in abnormal amounts, but hepatic function is generally
normal. There is increased urobilinogen in the stool and in the urine.
Bilirubin does not appear in the urine. Patients with jaundice due to
bepatocellular disease (Fig. 89, C) have increased amounts of uro-
bilinogen and bilirubin in the urine and some urobilinogen in the
stool. Patients with jaundice due to complete bile duct obstruction,
e.g., cancer of the head of the pancreas ( Fig. 89, D), have large
amounts of bilirubin in the urine but no urobilinogen in the urine or
feces. With intermittent bile duct obstruction (e g., “ball valve”
common duct stone), intermittent increases in bilirubin in the urine
and urobilinogen in the unne and stool are observed if daily deter-
pmations are made.

Simple methods have been devised for the detection of bilirubin
in the urine, and kits for this purpose can be obtained. A color reaction
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Fic. 89.~Bile pigment excretion in normal and jaundiced patients. 4, norm?-
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the urine, D, obstructive jaundice (complcte). No urobilinogen is excreted
stool or urine. Bulirubin 15 excreted in the unne.

is produced which can be graded from a trace to 4+, and a relatively
accurate semiquantitative appraisal obtained, o of
The standard method for the semiquantitative detcrmmf.!UO“ ¥
urine urobilinogen is the dilution method of Wallace and Diamond-
A more simple procedure is that of grading Ehrlich’s test ont a mie
to 4+ basis. With practice, the color intensity can be graded closely
enough to make the test useful clinically. ,
The feces are tested for urobilinogen in a similar manner. Sn'l(-‘b‘s3
urobilin is also present in normal feces, the relative amount of d:d
substance is determined by detecting the green fluorescence impart
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to fecal filtrates when a saturated alcoholic solution of zinc acetate is
added (Schlesinger test).

MerasoLic Fuxcrioxs

The tests of the metabolic functions of the liver may be considered
as they pertain to carbohydrate, fat and protein.

Glucose metabolism remains relatively unaltered in liver diseases
except in such conditions as severe cirrhosis and massive hepatic
necrosis. For this reason, specific tests for glucose metabolism have
not proved of practical diagnostic value.

GavracrosE ToLERaNcE.—Galactose is a sugar which is metabolized
solely in the liver, where it is converted to glycogen. Any impairment
of this reaction will cause abnormal amounts of galactose to appear in
the blood and urine. The most commonly used test is performed by
giving 100 ml of a 25 per cent solution of galactose intravenously
and analyzing blood samples for galactose at sixty, seventy-five and
ninety minutes. Normally the liver can metabolize about 25 Gm. of
galactose in one hour, and any remaining in the blood after this
period constitutes a positive test.

It is generally believed that the galactose tolerance test is suitable
for estimating the carbohydrate metabolism of the liver. Approximately
80 per cent of the patients with obstructive jaundice have normal
tolerance tests, while only 30 per cent of patients with hepatocellular
disease have normal tests. These results are no better than those ob-
tained with other function tests; therefore, the test is not widely used.

CuorEsTEROL AND CHOLESTEROL EsteRs.~The most important
measure of liver fat metabolism is the blood cholesterol. Although
the exact role of the liver in cholesterol metabolism remains unknown,
it has been observed that alterations in the levels of free and esterified
cholesterol occur in liver disease and obstructive jaundice. Cholesterol
is normally present in bile, and the increased blood levels which
occur in association with obstruction to bile outflow are understand-
able; but the d d levels of cholesterol which occur with severe
hepatic damage are more difficult to explain. Because factors beyond
the liver are known to influence cholesterol metabolism, it is perhaps
better to regard these abnormalities in cholesterol as indications of
liver dysfunction rather than as tests of liver function. In obstruction.
the rise in total cholesterol level tends to parallel that of bilirubin,

while in severe parenchymal di: the chol ol tends
the bilirubin rises, ends to fall as
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Fic, 69,~Bile pigment excretion in normal and jaundiced patients. ‘:_" m?:
Urobilinogen (and wrobilin) is excreted in the stool Some Elmblem’am
absorbed from the gut and excreted in the urine, B, bemolytic jaundice. o

of urobili are 1 in the stool and unne. C, bfpamn“h;z:{ o
dice, Usohilinogen is excreted in the stool and urine, Bilirubua is also excrél
the urine. D, of ive jaundi lete). No urobili is excreted in
stool or urise. Bilirubin is excreted in the unne.

is produced which can be graded from a trace to 44, and 2 relatively
accurate semiquantitative appraisal obtained. o of
The standard method for the semiquantitative deteruun."atx)n?1
urine urobilinogen is the dilution method of Wallace and DiamonC.
A more simple procedure is that of grading Ehilich’s test on 2 m‘l’e
to 4+ basis, With practice, the color intensity can be graded closel
cnough to make the test useful clinically. .
The feces are tested for urobilinogen in a similar manner. Since
urobilin is also present in normal feces, the relative amount of %
substance is determined by detecting the green fluorescence impart
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to fecal ltrates when a saturated alcoholic solution of zinc acetate is
added (Schlesinger test).

Meraporic Funcrions

The tests of the metabolic functions of the liver may be considered
as they pertain to carbohydrate, fat and protein,

Glucose metabolism remains relatively unaltered in liver diseases
except in such conditions as severe cirthosis and massive hepatic
necrosis. For this reason, specific tests for glucose metabolism have
not proved of practical diagnostic value.

Gavracrose ToLERsNCE.—Galactose is a sugar which is metabolized
solely in the liver, where it is converted to glycogen. Any impairment
of this reaction will cause abnarmal ameunts of galactose to appear in
the blood and urine. The most commonly used test is performed by
giving 100 ml. of a 25 per cent solution of galactose intravencusly
and analyzing blood samples for galactose at sixty, seventy-five and
ninety minutes. Normally the liver can metabolize about 25 Gm. of
galactose in one hour, and any remaining in the blood after this
period constitutes a positive test.

It is generally believed that the galactose tolerance test is suitable
for estimating the carbohydrate metabolism of the liver. Approximately
80 per cent of the patients with obstructive jaundice have normal
tolerance tests, while only 30 per cent of patients with hepatocellular
disease have normal tests. These results are no better than those ob-
tained with other function tests; therefore, the test is not widely used.

CuoLesTEROL AND CHOLESTEROL EsTERs.—The most important
measure of liver fat metabolism is the blood cholesterol, Although
the exact role of the liver in cholesterol metabolism remains unknown,
it has been observed that alterations in the levels of free and esterified
cholesterol occur in liver disease and obstructive jaundice. Cholesterol
is normally present in bile, and the increased blood levels which
occur in association with obstruction to bile outlow are understand-
able; but the d d levels of chol ol which occur with severe
hepatic damage are more difficult to explain, Because factors beyond
the liver are known to influence cholesterol metabolism, it is perhaps
better to regard these abnormalities in cholesterol as indications of
liver dysfunction rather than as tests of liver function. In obstruction,
the rise in total cholesterol level tends to parallel that of bilirubin;

while in severe parenchymal disease the cholesterol t t
the bilirubin rises. ends to fall as
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The normal cholesterol level is subject ta great individual varia-
tion but is relatively constant for any one patient. Thus, senal
determinations arc often important. The generally accepted normal
range is 150-250 mg./100 ml.

In the past, the regulation of cholesterol esters has been ascribed
entirely to the liver, but recent studies have shown that esterification
occurs in the blood as well as in the liver, The cholesterol ester level
is rather constant at 70-75 per cent of the total cholesterol. In paren-
chymal liver disease, there is generally a decline in both the cholesterol
and cholesterol esters; however, the decrease in the ester fraction ts
out of proportion to that of the total cholesterol. Considerable im-
portance has been attached to a decreasing ester fraction, and a large
degree of fall has been considered a sign of poor prognosis. Neverthe-
less, 1t was noted that in some cases of pure obstructive jaundice a
rapud fall in cholesterol esters occurred without any other evidence
of diffuse liver disease. It has also been shown that there is an inverse
relationship between the serum bilirubin and the cholesterol ester
levels, regardless of the cause of the bilirubinemia. Thus, one must
be careful when interpreting low ester values in jaundiced patients.
As with the serum alkaline phosphatase, there may be a rapid rise in
cholesterol and chelesterol ester levels during periods of liver cell
regeneration. Generally, the serum bilirubin tends to fall at this time.

The determinations of other fractions of the blood lipids are more
complicated and of little practical value in the management of
patients with liver disease.

Hippuric Acw.—Benzoic acid is conjugated with glycine in d}e
liver to form hippuric acid, which is excreted in the urine. The main
site of glycine synthesis is the liver; therefore, a deficiency of glycm.e
resulting from liver damage will decrease the formation of hx’pp}mc
acid. The usual test is to administer a solution of 1.77 Gm. of sodium
benzoate intravenously and collect all urine voided during the first
hour. The minimal output of ppuric acid is 0.7 Gm. Values below
this level indicate diffuse cellular damage, provided adequate pre-
liminary intake of carbohydrate and protein has occurred and there
is good remal function. Comparative studies have shown that the
test is somewhat more sensitive than the galactose tolerance and
cholesterol partition but less sensitive than the urine urobilinogen and
the BSP determinations.

Prasma ProtEms—It is well established that the liver is the site
of albumin formation. It is not surprising, therefore, that serum
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albumin level is decreased in hepatoccllular discase. Hypoalbumin-
emia is the most consistent alteration of the serum proteins found in
patients with chronic advanced liver discase. The present concept is
that the decrease in albumin is due to failure of liver synthesis rather
than to failure of protein intake. The normal values are: serum al-
bumin, 3.2—4.2 Gm./100 ml; scrum globulin, 28-3.8 Gm.; and total
serum proteins, 6.0-8.0 Gm.

Less constant is the rise in total serum globulin and the reversal
of the albumin-globulin ratio. The globulins are, for the most part,
synthesized outside the liver, and the mechanism of their reciprocal
increase with albumin is unknown.

It is fair to say that, if the serum proteins are abnormal, the
probabulities are that severe hepatic dysfunction exists; but it must be
remembered that normal levels may be found in the presence of
liver disease.

ProtaROMBIN.—Prathrombin formation is directly related to vita-
min K absorption and to the capacity of the liver to utilize this
vitamin in the formation of prothrombin. The absence of bile salts
from the intestine, with failure of absorption of vitamin K, or severe
hepatic cell damage with failure of prothrombin synthesis, causes a
reduction in plasma prothrombin and a bleeding tendency. Hypo-
prothrombinemia can be detected by the use of one of several methods
for estimating prothrombin. If low values are found, synthetic vitamin
K can be administered; and the rate and magnitude of the response
to vitamin K, as measured by serial prothrombin tests, will be an
indication of this liver function (prothrombin response test). In ob-
structive jaundice a prompt rise in prothrombin will generally follow,
while in hepatocellular jaundice the response will be roughly propor-
tional to the extent of cellular damage. From a practical viewpoint,
however, the one-stage prothrombin test is not a very sensitive indica-
tor of hepatic function; and the test is further limited by the laboratory
accuracy in performing it. In surgical patients the value of the pro-
thrombin determination lies largely in the detection of a hemorrhagic
tendency and in the control of Dicumarol® treatment for thmml;’o.
embolic disease.

Froccuramox Tests.—The seroflocculation tests are not strictly
T Sines the T st ol e serum protins aud
alterations in liver function. os¢ substances, they reflect

Cephalin-Cholesterol Floccul ion—Hanger (1939) noted that
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the sera of subjects with hepatic parenchymal damage flocculated a
colloidal suspension of cephalin-cholesterol complex. It has been
found that the chief factor responsible for this reaction is a labile
alteration in the albumin factor. This factor, which is present in
normal sera and apparently elaborated by the liver, prevents floccula-
tion of the colloidal cephalin-cholesterol suspension. In liver disease
the stabilizing substance is decreased and flocculation occurs. Positive
results are reported as 1+ to 4+, depending on the amount of
flocculation present. The forty-cight hour reading is more dependable
than the twenty-four hour, and all sera should be observed for this
longer period before a final decision regarding positivity or negativity
is made. In most laboratories a 2 + or greater reaction in forty-eight
hours is considered positive. Values less than this are frequently
encountered in febnle and other presumably nonhepatic disorders.

The cephalin-cholesterol flocculation is one of the most sensitive
tests and probably the most useful of all the currently emplo)"*d
flocculation reactions. It is nearly always positive in early hepatitis
and in active cirthosis. A persistent, highly positive reaction is an
omen of poor prognosis in cirthosis and chronic hepatitis. The test is
generally negative in obstructive jaundice until cholangitis and/or
severe cell damage supervene. .

Thymol Turbidity.—~Thymol and other phenolic reagents precipi-
tate globulin from certain pathologic sera, notably that from paticn.ts
with liver discase. The precipitate consists of a globulin-thymol-lipid
complex. Positive thymol flocculation occurs in the presence of ele-
vated gamma or beta globulin, but there is no correlation with total
globulin level. In addition, phospholipid must be present, and if there
is a lowered albumin leve), flocculation occurs more rapidly. .

In most laboratories, 5 units or greater is considered a positive
test. There is a high incidence of abnormal values (about 90 per cent)
in parenchymal liver disease. A positive thymol test may be considered
suggestive of liver disease. A strongly positive value implies signiﬁ(fam
hepatic involvement. Under these conditions, other confirmatory liver
function tests should be positive.

Zinc Sulphate Flocculation.—Patients with liver disease frequently
have high levels of serum gamma globulin. Weak solutions of ?inc
sulphate precipitate this substance, and this reaction has been utilized
as a test of liver damage. .

The generally accepted normal value is 4-12 units. The reaction
is positive in diseases with an abnormal content of serum gamma
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globulin, and in this respect it parallels the erythrocyte sedimentation
rate. The reaction is, therefore, nonspecific for liver discase and is less
reliable than the cephalin flocculation or the thymol turbidity, Despite
its nonspecificity, the zinc sulphate flocculation is a valuable test of
hepatic  dysfunction, especially if used in conjunction with the
cephalin-cholesterol reaction.

TREATMENT OF THE PATIENT WITH IMPAIRED
LIVER FUNCTION

When the patient has been fortified with adequate amounts of
carbohydrates, proteins and vitamins, he is better able to withstand
the stresses of anesthesia and operation. On the other hand, when the
patient is “nutritionally bankrupt,” he is most susceptible to shock,
infection, edema, delayed wound healing and other complications.
In large mensure, the adequacy of the metabolic response is dependent
on the functional capacity of the liver.

Under conditions of impaired liver function, much can be done
to bolster the liver function by proper dietary management. Natural
foods give the best results. When the oral roufe js unavailahle, artificial
feedings and/or parenteral solutions must be used. At present, how-
ever, complete nutntional balance cannot be established or maintained
through the parenteral route alone,

The therapeutic regimen should include the following items:

Dict —The diet should have a high protein, high carbohydrate
and moderate fat content. An intake of about 3,000 calories is recom~
mended, consisting of approximately 350 Gm. of carbohydrate, 125-175
Gm. of protein and 70-100 Gm. of fat. Butter, cream and eggs should
not be excluded. The diet should be palatable and attractively served.

Vitamins.—Vitamins should be supplied m adequate amounts (pa-
renteral routes if necessary), including A, B complex, D and K.

Antibiotics.—~The broad-spectrum drugs, given by mouth if pos-
sible, are indicated, especially if there is evidence of sepsis. The tetra-
cycline drugs are excreted in high concentration in bile.

Blood Transfusion.—The blood vohime, hemoglobin and serum
protein levels should be restored to normal or near normal, Fluid and
electrolyte imbalances must be corrected.

Operative Intervention—The type and time of surgical treatment
depends on existing conditions.
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the sera of subjects with hepatic parenchymal damage flocculated a
colloidal suspension of cephalin-cholesterol complex. It has been
found that the chief factor responsible for this reaction is a labile
alteration in the albumin factor. This factor, which is present in
normal sera and apparently elaborated by the liver, prevents floccula-
tion of the colloidal cephalin-cholesterol suspension, In liver disease
the stabilizing substance is decreased and flocculation occurs, Positive
results are reported as 1+ to 4+, depending on the amount of
flocculation present. The forty-cight hour reading is more dependable
than the twenty-four hour, and all sera should be observed for this
longer period before a final decision regarding positivity or negativity
is made. In most laboratories a 2+ or greater reaction in forty-eight
hours is considered positive. Values less than this are frequently
encountered in febrile and other presumably nonhepatic disorders.

The cephalin-cholesterol flocculation is onc of the most sensitive
tests and probably the most useful of all the currently employed
flocculation reactions. It is nearly always positive in early hepatitis
and in active cirrhosis. A persistent, highly positive reaction is an
omen of poor prognosis in cirrhosis and chronic hepatitis. The test is
generally negative in obstructive jaundice until cholangitis and/or
severe cell damage supervene.

Thymol Turbidity.—~Thymol and other phenolic reagents precipi-
tate globulin from certain pathologic sera, notably that from pnﬁ?ﬂfs
with liver disease. The precipitate consists of a globulin-thymol-hPld
complex. Positive thymol flocculation oceurs in the presence of ele-
vated gamma or beta globulin, but there is no correlation with total
globulin level. In addition, phospholipid must be present, and if there
is a lowered albumin level, flocculation occurs more rapidly.

In most laboratorics, 5 units or greater is considered a positive
test. There is a high incidence of abnormal values (about 90 per cent)
in parenchymal liver disease. A positive thymol test may be considered
suggestive of liver disease. A strongly positive value implies significant
hepatic involvement. Under these conditions, other confirmatory liver
function tests should be positive.

Zinc Sulphate Flocculation.~Patients with liver disease frequently
have high levels of serum gamma globulin. Weak solutions of zin¢
sulphate precipitate this substance, and this reaction has been utlized
as a test of liver damage.

The generally accepted normal value is 4-13 umts. The reaction
is Positive in diseases with an abnormal content of serum gamma
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PORTAL HYPERTENSION

The condition in which the venous pressure in the portal system
is elevated above normal levels (about 150 mm. H.0) as a result of
obstruction located cither outside (extrahepatic) or inside (intra-
hepatic) the liver is called “portal hypertension™ (Fig. 90). Most

Fic,
tension re
of massny .
ranly by with the ken-Bla} tube. P | anastomasts

was planned, but the patient refused operation and I £ ;
ras Planned nd later died of hemorrhage an

commonly, portal hypertension is caused by cirrhosis of the Ii

often 1t is caused by thrombosis or comy o s
;ﬁsease, etc.) of the portal or splenic ve
eatures are: enlargement of the spleen (congestive spl :
the blood changes of hypersplenism (eg., aner%u’a, leukgp‘:;?? i!gligzzi
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F1c. 90.~Portal vein obstruction with portal hypertension and esophageal van-
ces. The coll 1 lation in eatral and i obstruction are
shown. A single vein is used to represent a plesus of veins, 4, nm:mal portal e
relationships. Note the coronary vein of the stomach and short gastric vems, bonl 01
which icate with the hageal plexus. Also note the obliterated umbthica
veins. B, isolated splenic vein obstruction (thromboss, cancer, parasitic disease;

veins, coronary vein and short gastric vems 7P0-r;z-\-c_:;\-ml,- (;;splenectomy and SPI‘";{"
renal shunt should be considered for bleeding from vanices. { From Learmonth, 148 )v
and MacPherson, A. L. §, Surgery of portal hypertension, Lancet 2:882, 1948.
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designed to shunt blood from the portal to systemic veins and thus
to effect a reduction in partal vein pressure. The results from these
operations appear to be better than those from other procedures.

Ligation of the Hepatic Artery~If the arterial inflow to the liver
is decreased, the competition between arterial and portal inflow is said
to be climinated and the portal pressure falls, This procedure may
result in hepatic necrosis and death from liver failure and is not
recommended.

Splencctomy.—Although portal pressure is decreased temporarily
by remaval of the spleen, the symptoms of portal hypertension soon
return. Simple splenectomy is thercfore inadvisable. Splencctomy com-
bined with immediate splenorenal anastomosis is recommended.

Patients with portal hypertension frequently have diffuse liver
disease and are poor candidates for immediate surgical treatment.
They must be carcfully selected and prepared for operation, Shunting
operations are difficult, postoperative complications are common, and
the liver disease may progress despite the fact that a satisfactory Jower-
ing of portal pressure has been achieved. The treatment of portal
hypertension is difficult under the best of circumstances.
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bopenia); esophageal varices (Fig. 91), recurrent bleeding from
ruptured varices; and usually signs of cirrhosis of the liver. Associated
findings may include: ascites, hemorrhoids, dilated abdominal veins
(collateral channels), malnutrition and some degree of liver failure.
The esophageal varices represent dilated collateral veins between the
portal and caval systems. The varices tend to rupture and bleed mas-
sively. Portal hypertension is an exceedingly complex problem, and
treatment is difficult. The extrahepatic type of portal hypertension is
most amenable to surgical correction but is the least common type.

Recurrent hemorrhage from esophageal varices is a serious compli-
cation and demands consideration of operative treatment. At the
present time, two general approaches to these problems are available:
(1) direct measures to control or remove the varices and ( 2) indirect
measures designed to reduce the portal pressure.

Dimect MEASURES FOR TREATMENT OF BLEEDING
ESOPHAGEAL VARICES

Ball Tamponade (Sengstaken-Blakemore tube).—Temporary
emergency control of bleeding is provided by compression of the
varices with an inflatable balloon.

Injection of Varices.—By means of sclerosing solutions through an
esophagoscope, temporary control of bleeding may be secured. Re-
current hemorhage is usual.

Resection of a Segment.—Following resection of a segment of'the
varicosed esophagus, an intrathoracic esophagogastric anastomosis 1
established Results are often unsatisfactory.

“Reefing.”~By “reefing” or suture of the varicosities through the
opened esophagus by transthoracic operation, obliteration of the
varicosities and immediate control of bleeding may be accompllshed,
but recurrent hemorthage is likely. The portal hypertension is not
relieved.

INDIRECT MEASURES FOR BLEEDING
ESOPHAGEAL VARICES

Portacaval or Splenorenal Shunt.~The portal vein is anastomosed
to the inferior vena cava (end to side or side to side), or the 5p19.3“
is removed and the central end of the splenic vein is joined to the side
of the renal vein. The kidney is not removed. These procedures aré



CHAPTER 19

The Pancreas

THE PANCREAS is a retroperitoncal gland lying in a
transverse position at about the Jevel of the first lumbar vertebra. It
extends from the convexity of the duodenum to the hilum of the spleen
and roughly forms a horizontal inverted letter J. The hooked part of
the ], or head, lies within the duodenal sweep and over the right renal
vessels and the inferior vena cava. It 1s traversed by the common bile
duct, as well as by the pancreatic ducts, in their course to the duo-
denum. In addition to the head, the pancreas is composed of the
narrowed neck, which overslies the superior mesenteric vessels and
portal vein; the body, which lies on the aorta; and the tail, which
passes anterior to the left kidney. The mesentery of the transverse
colon arises from the anterior border of the body and tail of the
pancreas. Most of the pancreas lies above the mesentery and in the
posterior wall of the lesser peritoneal cavity. Anteriorly, the pan-
creas lies on a level with the stomach, the transverse portion of the
colon and the omenturn.

The pancreas is a yellowish white, lobulated, soft structure which
1s similar in many respects to the parotid and submaxi]lary glands. It
15 liberally supplied with blood vessels, lymphatics and nerves. In
keeping with 1ts foregut origmn, its blood supply is derived chiefly
from the celiac artery and 1its nerve supply from the vagus and
splanchnics (T5 to T9).

The duct system consists of two parts: (a) the main pancreatic
duct (Wirsung), which begins distally in the tail and extends the
length of the gland to enter either the ampulla of Vater, the papilla of
Vater or the duodenum independently; and (b) the accessory pan-
creatic duct (Santorini), which drains the upper portion of the head
and enters the duodenum independently, proximal to the papilla of

435
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clinical manifestations of acute pancreatitis, chronic pancreatitis, can-
cer of the pancreas or functioning islet cell tumors are prominent. No
doubt there are many patients with carly or occult pancreatic disease
who are treated for other conditions, including the psychoneuroses,
or are dismissed without treatment. Some of these errors on the part
of physicians can be attributed to a lack of understanding of the
disorders of the pancreas and the measures available for their detec-
tion and treatment. It must be admitted, however, that even under
the best of circumstances the recognition and treatment of pancreatic
disease is often difficult.

There are certain clinical findings which point to disturbances of
the pancreas and which should suggest to the physician the need
for investigating this organ by all the means at his disposal, including,
in selected cases, surgical exploration. The important signs of pan-
creatic disease follow:

1. There is upper abdominal (foregut) pain, which may radiate
to either side of the abdomen and/or straight through to the back.
The pain can be intermittent or constant, mild or very severe. Often
it is aggravated at night when the patient is supine, and is relieved
when sitting up, bending forward or pressing on the abdomen. In
contradistinction to the story in peptic ulcer, the pain is worse after
eating.

2, Weight loss tends to be rapid and progressive in pancreatic
diseases associated with duct obstruction and/or parenchymal destruc-
tion. Loss of weight in pancreatic cancer is outstanding and often
antedates the appearance of other signs.

3. Indigestion, loss of appetite, fulness after meals, heartbum,
belching, nausea, distaste for food or a peculiar taste in the mouth
should suggest the possibility of pancreatic disease if the symptoms
cannot otherwise be accounted for.

4. Disturbed bowel function with frequent, loose, bulky, light-
?olored and often foul-smelling stools results from poor digestion of
ingested fat and protein.

. 45. Jaundice may be present, but the sigmficance of this sign as an
{ndlcahon of pancreatic disease has been overemphasized. While it
Is true that obstructive jaundice can result from edema, inflammation
or neoplastic infiltration of the head of the pancreas, jaundice does
not. commonly appear with lesions of the body or tail. The absence
Df jaundice, therefore, does not rule out the possibility of Ppancreatic
disease; nor does the presence of obstructive jaundice necessarily
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Vater. It also communicates with the main pancreatic duct within the
gland.

Physiologically the pancreas is a dual organ, The exocrine portion,
which constitutes the bulk of its substance, is concerned with the pro-
duction and delivery of digestive enzymes to the intestine. The endo-
crine portion, the islands of Langerhans, is the source of hormones
concerned with the metabolism of carbohydrates (insulin and
glucagon).

The external secretion of the pancreas is a colorless, slightly
mucoid enzyme-rich alkaline fluid amounting to about 400-600 ml.
daily. Some pancreatic fluid is secreted contmuously, but its volume
and enzyme concentration vary according to neurogenic and hof-
monal stimulation, The neurogenic stimulation of the pancreas is
provoked by cating and results in the secretion of juice high in enzyme
content; the hormonal stimulation, which occurs through secretin
liberated from the duodenum in response to food and acid, results in
the secretion of large amounts of juice high in bicarbonate and low in
enzymes.

The main pancreatic ferments—trypsinogen, amylase and lipase—~
are specific substances concerned with the digestion of protein,
starches and fats, respectively. Other enzymes, including chymotryp-
sin, carboxypeptidase, lactase, maltase and sucrase, are also present
but in lower concentration. Trypsinogen normally is activated to tryp-
sin by enterokinase and by trypsin itself and calcium jons in the
intestine. Pancreatic lipase splits neutral fats nto fatty acids and
glycerol and aids in the emulsification of liquid fats. Lipase in com-
bination with bile salts accelerates the digestion of fats.

The intemal secretions of the pancreas are elaborated by the
islet cells and discharged directly into the blood stream. The islands
of Langerhans, formed by a process of sequestration and growth of
highly vascularized cells of the pancreatic duct system, are most
numerous in the tail and body. Insulin and glucagon are produced
by the beta and alpha cells, respectively, and participate in the co.m-
plex processes of carbohydrate metabolism. The many interesting
facets of this subject cannot be detailed here.

CLINICAL CONSIDERATIONS

Disorders of the pancreas are probably much more common than
generally realized. Usually the diagnosis is made only when the
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disease beyond weight loss, abdominal tendemess, occasionally a
distended gallbladder and rarely a palpable epigastric mass. If it is
borme in mind that the pancreas lies deep within the abdomen, com-
pletely covered by other structures, the limitations to palpation will
be better understood. Eacept when the patient is very thin, the
abdominal muscles well relaxed and the discase process eatensive,
palpation of the pancreas will be unrevealing. The finding of a dis-
tended gallbladder in a patient with obstructive jaundice (Cour-
voisier’s rule) is, however, suggestive of pancreatic cancer (Fig. 92)
but does not necessarily indicate advanced cancer.

In suspected acute pancreatitis, the Jaboratory finding of an
elevation of the serum amylase or the serum lipase is diagnostic. In
chronic diseases of the pancreas the blood enzyme studies are nonmal
and of no value, but pancreatic sceretion tests are often helpful.

For the pancreatic secretion test, pancreatic fluid is collected
from the duodenum undiluted with gastric juice, using a double-
lumened tube, one lumen of which allows for removal of gastric
fluid and the other pancreatic juice (mired with duodenal secretions
and bile). After base-line observations are made, the pancreas is
stimulated by injecting secretin intravenously, and postinjection sam-
ples are obtained. The total volume and the bicarbonate and enzyme
content of the specimens taken before and after secretin injection
are then determined and compared with known normal values.

Other tests of pancreatic function include studies of the enzyme
and fat content of the stool and determination of starch tolerance.
The Iatter test is designed to measure the activity of the pancreatic
carbohydrate-splitting enzymes as indicated by changes in the blood
sugar after ingestion of a standard starch meal.®

Xeray studies are often helpful in both acute and chronic pan-
creatic diseases. In acute pancreatitis, one may find evidence of as-
sociated biliary tract disease, as indicated by radiopaque gallstones.
Some.times there is displacement of the stomach or colon by a pan-
creatic mass. In the chronic conditions, evidence of biliary tract
disease and areas of calcification within the pancreas are common.
O.ccasionally the duodenum is displaced or the ducdenal loop is
widened by a pancreatic mass. X-ray examination of the pancreatic
duct system cannot be made except during operation,

°The level of radioactivity of the blood and stool after ingestion of a standard

amount of I'** labeled fat is also an index of pancreatic enz Y
1 yme secretion, The test
still in the expertmental stage of its development but may soon be used cl;if;ll;’s
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indicate that a lesion of the head of the pancreas is the cause. Benign
diseases of the biliary tract often closely simulate pancreatic cancer.

6. Emotional disturbances are associated with abdominal pain.
Patients with pancreatic cancer, and occasionally those with chronic
pancreatitis, often complain of depression, crying spells, insomnia and
inability to concentrate—symptoms which may be ascribed by the

Fic. 92.—Obstructive jaundice due to carcinoma of the head of the pancreas it
2 39 year old man Note the enlarged palpable gallbladder, a finding consistent with
Courvoisier’s rule. Radical pancreatoduodenectomy (\Whipple) was successfully
performed,

physician to a psychoneurosis. Sudden changes in behavior or per
sonality, together with abdominal pam in a previously well person,
should suggest the possibility of pancreatic cancer.

7. Recurrent attacks of superficial venous thromboses, or migratory
thromboses, are often associated with carcinoma of the pancreas and
occasionally with carcinoma of the alimentary tract or the lung. A
hypercoagulabulity of the blood, ascribed to trypsin in the circulation,
15 believed to cause spontaneous venous clotting. .

There are no important physical signs in early chronic pancreatic



Fic. 93.—The pancreas and bile ducts in pancreatitis. A, the pancreas and its
duct system. Note the papilla of Vater on the posterior medial wall of the second
portion of the duod B, the “ channel” b the bile duct
and the main pancreatic duct. Reflux of bile and activation of pancreatic ferments
are possible when closure of the termnal common duct occurs from edema, stone or
spasm of the sphincter of Oddi. This is the basis for the “common channel” theory
of path is of acute it ic edema, | hage or necrosis

is. C,
follow activation of proteolytic and lipolytic enzymes within the pancreas by inter-
action with ble,
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DISEASES OF THE PANCREAS

In this discussion, only conditions of surgical importance will be
considered. These include: acute and chronic pancreatitis, cysts of
the pancreas, cancer of the pancreas and islet cell tumors.

AcUTE PaNCREATITIS

The pancreas may become involved in an acute inflammatory
process in which localized or diffuse edema, hemorrhage or necrosis is
the predominant pathologic finding. The type of reaction which ap-
pears probably depends more on the severity of the specific insult
than on the mechanism of its production. In other words, acute edema-
tous pancreatitis, acute hemorrhagic pancreatitis and acute gangrenous
pancreatitis are most likely not different diseases but variations of the
same pathologic process.

In acute pancreatic edema a segment, or in some instances the
entire gland, is swollen. Small areas of subperitoneal hemorrhage and
fat necrosis often develop. The clinical manifestations tend to be '1855
severe than in other forms of pancreatitis, and usually the patient
recovers but often suffers repeated attacks. In hemorrhagic and gan-
grenous forms of acute pancreatitis, the changes are more extensive
and usually life threatening. There is widespread digestion of vessels
and bleeding into and around the pancreas, The entire gland may
undergo necrosis and liquefaction, Areas of fat necrosis develop 1
both the retroperitoneal and intraperitoneal regions; and an abundance
of brothlike, enzyme-rich fluid collects in the abdominal cavity. The
disease may be reversible or rapudly fatal. It is always serious, and the
proguosis must be guarded.

The pathogenesis of acute pancreatitis is incompletely understof)d,
but intrapancreatic activation of digestive enzymes and autodigestion
of the pancreas appears to be basic. It is easy to understand how,
once initiated, the process can become self-perpetuating until the en-
tire gland (and the individual) is destroyed. How the process is set
off, however, is another matter. It is well known that injuries to the
pancreas {contusion, operative trauma, etc.) can precipitate af-“ff'e
pancreatitis. Likewise, infections such as mumps and acute hepatitis
may be complicated by acute pancreatitis, but infections are rare].y
the primary cause of acute pancreatitis. Spontaneous pancreatic
hemorrhage or embolic occlusion of the pancreatic arteries may also
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to the istands of Langerhans; and the serum bilirubin is above normal
if drainage of the comman duct is impaired.

The serum amylase determination is, by all odds, the most impor-
tant diagnostic measure, It should be secured immediately in ail
instances of acute abdominal pain in which the possibility of acute
pancreatitis exists, Levels above 500 units (Somogyi method) are to
be expected, and 1,500 units or more are not uncommon. By the third
or fourth day the values are usually normal (80-150 units). The
urinary diastase and serum lipase tests may be of confinmatory
diagnostic value.

Dirrenestiat. Diacosis.—Conditions which must be differen-
tiated from acute pancreatitis include: perforated peptic ulcer, acute
ntestinal obstruction, acute obstructive cholecystitis and acute ap-
pendicitis, Mesenteric vascular ocelusion or strangulation of the
bowel due to volvulus may closely mimijc the clinical picture of
acute p titis, Acute di of the biliary tract, especially im-
paction of a common duct stone, can duplicate the picture of acute
pancreatitis and may in fact be associated with acute pancreatitis on
the basis of bile reflux through a common channel. Other catastrophic
illnesses which simulate acute pancreatitis are: dissecting aortic
aneurysm and coronary infarction.

Trearstent.~The treatment of acute pancreatitis is nonoperative
except (1) when the diagnosis is in doubt, (2) when there is an
associated condition which aggravates the pancreatitis (e.g, common
duct stone) or (3) when complications of pancreatitis, such as abscess,
cyst or intestinal obstruction, develop.

The nonoperative treatment of acute pancreatitis includes:

1. Prevention and treatment of shock. Blood transfusions are
necessary. °

2. Correction of fluid and electrolyte imbalance by parenteral
means,

3. Control of ileus and prevention of distention by nasogastric
suction.

4

- Relief of pain by use of Demerol® rather than morphine. The
latter causes spasm of the sphincter of Oddi. Splanchnic nerve
block with procaine often provides effective pain relief and
appears to hasten recovery through release of local vasospasm,
Depression of pancreatic function through avoidance of oral
feedings, remaval and neutralization of gastric acid and admin-
istration of anticholinergic drugs.

w
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precipitate acute pancreatitis, It has also been shown that obstruction
to the duct system (edema, stone or tumor) while the gland is actively
secreting will produce acute pancreatitis. Recently, acute pancreatitis
has been produced experimentally by the induction of a local
Schwartzmann reaction,

The “common-channel” theory ( Opic, 1901) is applicable to many,
but not all, instances of acute pancreatitis (Fig. 93). In about 60 per
cent of all persons the terminal portions of the common bile duct and
the main pancreatic duct unite before they enter the duodenum. Any
obstruction to the common outlet—whether it be due to a gallstone,
local edema or spasm of the sphineter of Oddi-will in fact convert
the duct systems into a continuous tube or a common channel, Under
these circumstances, bile can flow into the pancreatic ducts, activate
enzymes and thus initiate autodigestion. In view of the fact that,
percentage-wise, the arrangement of the duct systems favors reflux
of bile, it is surprising that pancreatitis does not occur more often
than it does.

CrivicaL Finbincs.—Acute pancreatitis occurs in both sexes and
at any age but is most common in females during middle hife. Often
there is a history of biliary tract discase, alcoholism or previous attacks
of pancreatitis,

The onset of the disease is usually abrupt and may follow a'hem')’
meal. There is sudden upper abdominal pain, often excruciating 1
degree, which is referred to the back or scapular areas. Nau.seay
vomiting and retchmg are common. In severe pancreatitis the signs
of shock soon appear. Imtially, the abdomen is flat, and tendemness and
muscle spasm are localized to the middle or upper zones. The bowel
sounds decrease or disappear, and soon distention develops from
paralytic ileus. Abdominal tenderness and muscle guarding may
become diffuse. Sometimes a mass can be felt in the pancreatic area,
and on rare occasions a blujsh discoloration is observed about the
umbilicus (Cullen’s sign) from retroperitoneal extravasation of b!ovd-
A mild degree of jaundice frequenlly develops as a result of reglonal
swelling around the common duct 3

The laboratory studies often confirm the diagnosis. There i
moderate to marked leukocytosis; the serum amylase 15 increased
for a short time (twenty-four to forty-eight hours) and then f:.llls
rapidly; the serum calcium is lowered (tetany may appear), owing
to the loss of ionizable calcium nto areas of fat necrosis, the blood
sugar is elevated and the urme contains sugar if there is damage
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diabetes and control frequent stools; but usually pain persists and
narcotic addiction becomes a problem. If associated discase of the
biliary tract exists, it should be treated surgically, with the hope that
if there is a common channel condition it can be corrected. In some
instances, division of the sphincter of Oddi (spbincterotomy) may
prove effective. Occasionally, resection of a portion, or rarcly the
entire pancreas, is necessary. Several other operations have also been
proposed for chronic pancreatitis, but nonc have pmvcd very satis-
factory.

CysTS OF THE PANCREAS

Both truc and false (or pseudo) cysts develop in the pancreas.
True cysts are those lined with cpithelium; they may be the result of
obstruction to the duct system with continued sccretory activity
proximal to the obstruction, or they may be produced by a multi-
loculated tumor such as a cystadenoma. Pscudo cysts have a fibrous
or granulation-tissue lining and result from traumatic or spontaneous
pancreatic hemorrhage and neerosis. They are filled with fluid con-
taining pancreatic secretion, blood, inflammatory exudate and necrotic
tissue. The cyst fluid often contains enzymes in high concentration;
and if the cyst communicates with a major duct, external drainage will
be followed by a prolonged discharge of pancreatic juice.

True cysts of the pancreas cause symptoms only as they expand
and compress regional structures. Pseudo cysts associated with acute
or chronic pancreatitis cause pain, nausea, vomiting and a slowly
developing abdominal mass which may reach the size of a football.
Obstructive jaundice and diabetes often complicate the picture,

The clinical diagnosis is established by x-ray studies, which serve
to locate the mass in the pancreatic area and to exclude tumors of
stomach, colon, liver, kidney and adrenal origin. Final dx’agnosis
usually depends on abdominal exploration.

Surgical treatment of pancreatic cysts includes: excision, pan-
creatic resection, external drainage (marsupialization) and internal
drainage (cystogastrostomy or cystoenterostomy ).

CARCINOMA OF THE PANCREAS

Cancer of the pancreas is a relatively common type of visceral
veoplasm. It usually occurs beyond the age of forty and is three times
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6. Prevention and control of secondary infection of the damaged

tissues by use of broad-spectrum antibiotics.

7. Prevention and treatment of hypocalcemic tetany.

8. Treatment of diabetes, should it exist.

When acute pancreatitis is une.\'pectedly encountered at operation,
the pancreas should not be disturbed unless localized areas of necrosis
requiring drainage are found. The biliary tract should be examined
for associated disease and, if necessary, drainage of the gallbladder
or common duct instituted. More extensive operations in already criti-
cally ill patients often lead to death. The nonoperative measures out-
lined above should be continued during the postoperative period.

CHRONIC PANCREATITIS

Recurrent attacks of mild or moderate acute pancreatitis appear
to cause fibrosis, constriction of ducts, destruction of the glnndular
tissue and formation of cysts and areas of calcification in the pancreas.
The entire gland eventually becomes hard, nodular and enlarg.ed-
The secretory function and often the hormonal function become im-
paired. Occasionally, narrowing of the common bile duct, in its course
through the pancreas, results in obstructive jaundice. The clinical
course in chronic pancreatitis is characteristically protracted, progres-
sive and more or less disabling. .

The patient complains of chronic and recurrent abdominal pains,
usually aggravated by eating and relieved by vomiting. There is per-
sistent abdominal soreness and tendemess. The deficiency of pancreatic
secretion results in inadequate digestion and absorption of food, with
weight loss and failure to gain. Diabetes is sometimes discovered
before the diffuse nature of the pancreatic disease is recognized. The
clinical findings may also indicate the presence of associated biliary
tract disease; and at operation extensive changes in the pancreas, as
well as in the bile ducts, will often be encountered.

The diagnosis of chronic pancreatitis is established by the history;
the presence, sometimes, of an abdominal mass (enlarged pancreas
or pancreatic cyst); the stool changes; the secretin test for pancreatic
function; and the x-ray findings. The latter may reveal pancreatic
calcification, deformities of the duodenum or cysts displacing the colon
or stomach. 3

The treatment of chronic pancreatitis is most difficult. Medical
measures may serve to improve the patient’s nutrition, control the
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depend on exclusion and suspicion. This is the time to consider opera-
tion. In many cases the main diagnostic problem concems the differ-
entiation of malignant from benigu obstructions of the common duct.
Sometimes the diagnosis can be correctly made on the basis of the
existing clinical and laboratory picture; but because this, too, is subject
to serious errors, exploratory operation is indicated in mast instances.
(See Chapter 18, on The Liver.)

The surgical treatment of cancer of the pancreas is, for the most
part, palliative. Occasionally, patients with cancer of the pancreatic
head have been cured by radical resection of the proximal pancreas
and adjacent structures (duodenum, distal common bile duct and distal
stomach) and reanastamosis, or the Whipple operation. The morbid-
ity and mortality which attend such an operation are understandably
high; and, furthermore, operation is frequently not applicable. The
disease is often incurable by the time operation is undertaken, or the
patient is unfit for such an extensive operation. Cancer of the body
and tail are somewhat more amenable to surgical resection; but here,
again, often the disease has already spread beyond the pancreas.

Palliative surgical treatment consists in providing a by-pass for
the obstructed bile passages. This can be accomplished by cholecysto-
gastrostomy, cholecystoduodenostomy or cholecystoenterostomy. The
patient is thereby relieved of jaundice and the intractable itching
which often accompanies it. Although some improvement in his
general condition usually results from operation, pain may continue

and survival time is relatively short, averaging about six to eight
months.

IsLer CeLL Tunors

Islet cell tumors are benign, or rarely malignant, adenomas of the
islands of Langerhans. They are single or multiple, small (1-2 em.)
circumseribed, highly vascularized masses, most commonly located in
the tail or body of the pancreas. They occur at all ages, but most often
in young or middle-aged people. Islet cell tumors may be functional
producing insulin in excess of physiolagic needs, or they may be non:
functional.

Often the history is quite characteristic of hypoglycemic shock.
The patient may complain of recurrent attacks of weaknes: .

he | < s, confusiy
fainting or epileptiform convulsions, which develop during the f:sstl::;

state and are relieved by eating. For any one patient the attacks tend
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more frequent in men than women. The tumor develops i the pan-
creatic head in about 75 per cent of cases and in the body and tail in
25 per cent. Initially there is an area of localized woody hardness;
but as the growth expands and infiltrates, it causes obstruction to the
duct system, destruction of the glandular tissue and, if strategically
located with respect to the common bile duct, obstructive jaundice.
The disease spreads by contiguity, as well as through lymphatic and
vascular channels to the peripancreatic tissues, the regional and distant
nodes and the liver.

Early in the course of pancreatic cancer there may be little to
suggest the correct diagnosis. Pain is highly significant, but it occurs
in only about half the cases. The pain is often similar to that of
chronic pancreatitis; and, in fact, the clinical aspects of both diseases
are frequently so much alike that the di can be distinguished
only by means of biopsy or necropsy. The pain is dull, boring and
deep seated. It often goes “straight through to the back” or is referred
to the scapular areas. The nocturnal character of the pain and the
positions of relief have already been mentioned. Indigestion, nausez,
vomiting, loose stools, rapid and severe weight loss are usual. Migra-
tory phlebitis, diabetes and psychic aberrations should suggest the
possibility of pancreatic cancer.

Often the diagnosis is made after months have passed and when
jaundice appears {tumors of the pancreatic head) or when the signs of
malignant disease become unequivocal. In some instances the ciag-
nostic mystery could have been solved much earlier, and the patient
could have been spared much mental and physical anguish, by a more
thoughtful investigation of his complaints and by early recourse 0
abdominal exploration

There is little in the way of objective findings in early pancre'atlc
cancer. The abdominal mass is rarely palpable. There may be slight
icterus and obvious malnutrition. The x-ray studies may be helpful,
but normal findings do not exclude this disease. Distortion of the
duodenal papilla is a clue to carcinoma of the ampulla of Vater.
Blood in the stool from ulceration into the duodenum, associated with
obstructive jaundice, points strongly to ampullary (pancreatic) car-
cinoma.

The secretin test often is an aid to diagnosis if properly made.
Determinations of the fat and enzyme content of the stool and the
starch tolerance are indicated in obscure diagnostic problems.

When all the evidence has been gathered, the diagnosis may still
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to follow the same pattern and to develop under similar circumstances.
That is, an attack may always occur in the early morning hours, after
a missed meal or after strenuous exercise. Commonly the disorder is
erroncously called “idiopathic” epilepsy, after which the investigation
is terminated and anticonvulsive drugs are given indefinitely. Such
management would appear to represent a serious breach of medical
practice, because hyperinsulinism due to islet cell tumor, in contradis-
tinction to most other pancreatic conditions, is curable.

The diagnostic triad of Whipple is worth remembering: (1} cen-
tral nervous system symptoms, which may be neuromuscular, vaso-
motor or psychic, often resembling epilepsy; (2) onset of symptoms
during the fasting state, associated with blood sugar levels below
50 mg./100 ml; and (3) immediate recovery following oral or paren-
teral administration of sugar.

Hyperinsulinism must be differentiated from hypoglycemia due
to other causes, such as hepatic disease, endocrine disturbances (pitui-
tary, adrenal, thyroid) and functional hypoglycemia. Often the diag-
nosis must be made by exclusion and proved by exploration.

Medical treatment may be adequate in mild cases; but with pro-
gression of symptoms, operation becomes necessary. Exploration of the
pancreas in search of one or more islet cell tumors is indicated in all
but the mildest cases. The tumor or tumors are often visible on the
surface of the pancreas or can be felt within the substance of the
gland. Infrequently, diffuse hyperplasia of the islets, rather kha.n
isolated tumors, is encountered. Partial resection of the pancreas I8
indicated under these circumstances, but the results of such treatment
are not so good as those which follow removal of a functioning tumor.
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Accessory spleens arc cctopic aggregations of splenic tissue com-
monly found in the region of the splenic hilus, less often in other
portions of the embryonic dorsal mesogastrium in which the spleen
is formed. Accessory spleens are similar in all respects to the spleen
except for size and shape. They are single or multiple, small, round,
reddish masses which vary in size from a few millimeters to several
centimeters. The importance of accessory spleens lics in the fact that
they are functional and must be removed when splenectomy is under-
taken for hematologic disorders.

The spleen is covered by a thin capsule of peritoneum and fibrous
tissue which is continuous with the splenic stroma. The fibrous
trabeculae which divide the spleen into compartments contain the
large vessels which enter the parenchyma. The trabeculae also con-
tain smooth-muscle cells which give the spleen a certain degree of
contractibility.

The splenic parenchyma consists of a white pulp (malpighian
corpuscles), which surrounds the terminations of the splenic arteries,
and of a red pulp, which communicates with splenic veins. Lying
between the arteries and veins are arterioles, capillaries, venous sinuses
and venules, The spaces between the venous sinuses of the red pulp
are filled by the splenic cords containing reticuloendothelial cells,
lymphocytes, monocytes, macrophages and leukocytes. The relation-
ship between the circulating blood elements and the specialized fixed
and wandering cells is an intimate one, and here much of the work
of the spleen is performed.

There has been much discussion as to whether the splenic circula-
tion is closed or open, or both closed and open. The closed-theory
proponents maintain that the blood flows directly from the arterial
capillaries to the splenic sinuses and to the veins, The open-theory
proponents maintain that the sinuses are fenestrated and that blood
passes back and forth through the fenestrations into the pulp cords.
‘The proponents of the coxybined open and closed theory maintain that
the spleen has a divided circulation which permits red cells and plasma
to pursue different pathways, Red cells can be stored in the sinuses
arfld glasma can an.zude freely into the pulp cords. Thus, sequestratjox;
of red cells, filtration of plasma and diapedesis of cells can occur, The

evidence appears to favor a combined type of splenic ci i
ide circulatio
this issue has not yet been settled. P ™ but

The functions of the spleen are:
Blood Production~The spleen is an im,
. —Th portant blood-formi
organ during embryonic life, but later it forms only lymphccytl::“&



CHAPTER 20

The Spleen

THE SPLEEN is a soft, bluish red, fist-sized organ
located high and deep in the left side of the abdominal cavity. It lies
in apposition to the posteroinferior surface of the diaphragm, the
costal arch and the stomach. Its upper, smooth convex surface is free,
while its lower, concave hilar surface is fixed by pentoneal ligaments.
The hilus les in close relationship with the tail of the pancreas. The
man splenic vessels pass from the superior surface of the pancreas
directly into the splenorenal ligament and thence to the hilus. The
lower border of the spleen lies near the retroperitoneally located left
adrenal and kidney.

The weight of the spleen varies according to the amount of blood
that it contains, but the weight averages about 150 Gm. In consistency,
the spleen is similar to that of other soft viscera, resembling most
closely the liver. Although anchored by peritoneal attachments, the
spleen is quite mobile and subject to shifting and displacement from
internally or eaternally applied forces; and therefore, several factt{ﬁ
make the spleen particularly vulnerable to injury. These include: its
superficial location and its consistency, friability and mobility. .

Three double-layered peritoneal folds constitute the main splenic
ligaments and are attached at the hilus to form the splenic pedicle.
From the front the ligaments are: (1) the presplenic fold, an avas-
cular sheet lying between the gastrocolic ligament and the hilus;
(2) the gastrosplenic ligament, containing the short gastric vessels,
which runs between the greater curvature of the stomach and the
hilus; and (3) the splenorenal ligament, containing the splenic artery
and vein, which is attached to the tail of the pancreas and the hilus.
Several smaller and less important peritoneal folds are attached fo
the diaphragm, colon and spleen. All of these structures must be
divided and their vessels ligated in splenectomy.

450
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of splenic enlargement in the latter discase is attributed to the fact that
the platelets are so small and so casily. destroyed that they cause little
reaction in the spleen.

The term “hypersplenism” has been applied to those conditions
in which the spleen, by virtue of a functional increase of some normal
processes, produces hematologic disturbances. Hypersplenism can be
either of primary or of secondary origin. Primary hypersplenic con-
ditions tend to develop in the absence of demonstrable splenic, bone

CLINICAL ELEMENTS
DISEASE DESTROYED

Essential
Thrombocytopenic Purpura

Platelets
Congenital
Hemolytic Anemia ? Red Cells

Primary {Neutrophils

Splenic Neutropenia

Primary
Pancytopenia

J

Fic. 94.—Role of spleen in “primary” hypersplenic syndromes. { From Zollinger,
R. M., ef al.: Surgical aspects of hypersplenism, J.AM.A. 149:24, 1952.)

marrow or systemic disease, The secondary hypersplenic syndromes
are hematologic disturbances resulting from splenic disease and
splenomegaly. Secondary hypersplenism is most commonly associated
with cirrhosis of the liver, Hodgkin’s disease, the leukemias, sarcoidosis
and multiple myeloma. Splenectomy may also influence the blood
picture favorably in secondary hypersplenism, but the results are
often less pronounced.

When, as a result of bone marrow aplasia, the spleen reverts to its
embryonic function of producing myeloid elements (agnogenic mye-
loid metaplasia ), it often constitutes the cluef source of the blood ele-
ments. Removal of the spleen under these conditions may lead to
failure of hemopoiesis, and death. Agnogenic myeloid metaplasia is
t.herzfnre an important contraindication to splenectomy.

ongestive splenomegaly with secondary hypersplenism i -
lieved to be the result of portal hypertensicrg’. PZxP;al l!;;::r:n;;o: E;s
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certain disease states (e.g., myeloid leukemia), the spleen reverts to
its original function of complete hemopoiesis and produces red cells,
white cells and megakaryocytes.

Regulatory Influence on the Blood Elements—The spleen nor-
mally is the site of destruction of worn-out blood cells, and it also
exerts a restraining influence on the bone marow, possibly through
specific humoral substances. Removal of the spleen is followed by tem-
porary leukocytosis, thrombocytosis and, occasionally, erythrocytosis.

Reticuloendothelial and Lymphoid Functions—These functions
include: phagocytosis, bacterial and particle fixation, antibody pro-
duction, hemoglobin degradation and iron storage.

Blood Rescruoir—~Storage of blood and mobilization of stored
bloed in response to adrenergic stimuli occur in animals but do not
appear to be important in man.

CLINICAL CONSIDERATIONS

Removal of the spleen in an othenvise healthy person results in
no permanent impairment of health. The blood levels gmduall;’
return to normal, and there are no observable changes in the patient’s
Tesistance to infection or in his response to trauma and shock. The
remaining reticuloendothelial and lymphoid tissues are apparently
capable of taking over the functions of the spleen.

Removal of the spleen for certain hematologic diseases frequently
causes the blood findings to revert to normal. This is often strikingly
exemplified by the response which follows splenectomy for the primary
hematologic conditions in which no local (splenic or bone marrow)
or systemic disease is recognized ( Fig. 94). Thus, removal of the
spleen for platelet deficiency (idiopathic thrombocytopenic purpura),
red cell deficiency (congenital hemolytic anemia), neutrophil de-
ficiency (primary neutropenia) or deficiency of all the myeloid c€1.15
(primary pancytopenia) often results in the cure of the hematologic
disease. In these conditions it is believed that, for some reason, the
spleen has become hyperactive and either sequestrates and destroys
excessive numbers of blood elements or limits the maturation and dis-
charge of blood elements from the bone marrow.

The hyperactive or hyperfunctioning spleen, associated with the
foregoing clinical conditions, is usually enlarged and palpable (sple-
nomegaly). An important exception is noted in idiopathic thrombo-
cytopenic purpurz, in which spl galy is The absence
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red cell fragility, bleeding and clotting times, clot retraction, pro-
thrombin level and the Coombs test. The Iatter is an aid in differen-
tiating acquired from congenital hemolytic anemia.

Liver function studies arc indicated when the clinical picture
suggests combined hepatic and splenic disease, as, for example, in
congestive splenomegaly with cirrhosis. Under these circumstances
the esophagus should also be examined for varices by radiographic
and endoscopic technics. The status of the portal circulation can be
investigated in selected cases of splenomegaly by measuring portal
venous pressure and by demonstrating the portal system radiographi-
cally (splepoportography). This is accomplished during operation or
occasionally by introducing a needle directly into the spleen percu-
taneously. These are special and potentially dangerous investigative
technics and should only be performed by those who are experienced
in their application.

CLINICAL CONDITIONS

The wmost common surgical conditions of the spleen will be con-
sidered. These include: traumatic rupture of the spleen, the hyper-
splenic syndromes and congestive splenomegaly.

TRAUMATIC RUPTURE OF THE SPLEEN

Although the spleen is located in a relatively well-protected por-
tion of the abdomen, it may be lacerated or ruptured by apparently
slight trauma. Most often, splenic ruptures are the result of direct
blows to the margin of the left rib cage, which overlies the spleen.
Commonly there will be local signs of contusion or fractured mibs.
Sometimes injury to the spleen results from indirect trauma, as, for
example, from a fall, or a blow from a steering wheel, Not infre-
quently, the spleen may be lacerated by a penetrating object, such as
a bullet, knife or even the jagged end of a fractured rib.

The injury to the spleen may cause tearing of its capsule, lacera-
tion of its vascular pedicle or disruption of the splenic pulp. With
laceration of the capsule or pedicle, bleeding occurs into the peri-
to.nenl cavity. If bleeding is of severe proportions, the resulting clinical
picture is that of a catastrophic abdominal condition. I the bleeding is
less severe but persistent, the onset of signs of hemurrhage maygbe
delayed but the symptoms may be expected to be persistent and pro-
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caused by sustained blockage of the portal blood flow. The portal
block may be caused by scarring, thrombosis, inflammation or com-
pression proximal to the liver or within the liver. In congestive spleno-
megaly, one or more blood elements are depressed, the spleen is
enlarged, and abnormal venous collateral channels pass between the
portal and systemic venous systems.

Enlargement of the spleen is also caused by a large number of
inflammatory, neoplastic and infiltrative conditions. Abscesses of the
spleen are uncommon, or at least are uncommonly recognized. Tuber-
culosis is the usual cause of splenic abscesses. Splenic enlargement of
varying degree is, however, encountered in a number of systemic
infections, including chronic malaria, typhoid fever, infectious mono-
nucleosis, Felty’s syndrome and sarcoidosis.

Splenomegaly due to tumors of the spleen is also uncommon. Bo}h
primary and metastatic neoplasms of the spleen occur, but their rarity
suggests that the spleen possesses a special type of immunity. Cysts of
the spleen develop from parasitic infestation (echinococeus) or from
organization of splenic hematomas or abscesses. The diagnosis may
be apparent if calcium is found in the cyst wall on x-ray examination.

There are a number of metabolic disturbances which are associated
with splenomegaly. These conditions include: Gaucher's disease,
Niemann-Pick’s disease, Hand-Schiller-Christian’s disease and Let-
terer-Siwe’s disease. The splenomegaly is often extreme and .resul.ts
from the storage of excessive amounts of lipids or polysaccharides in
the reticuloendothelial cells. There is associated involvement of other
elements of the reticuloendothelial system, including the liver, Iymph
nodes and bone marrow, as well as hematologic changes of secondary
hypersplenism and pronounced clinical changes. Splenectomy may be
of palliative value but is infrequently indicated in these diseases.

The presence of disease of the spleen may be suggested by 2
history of splenomegaly, by abnormal bleeding into the skin or from
the body orifices, by chronic anemia with recurrent hemolytic crises
and jaundice or by unusual sensitivity to infections associated with
leukopenia or pancytopenia. In most conditions, there will be enlarge-
ment of the spleen, The margin of the spleen may be palpable at
the costal margm or may, in some instances, extend into the pelvis.

The laboratory studies are of great importance to diagnosis. In
complicated cases the help of a hematologist should be enlisted.
Hematologic studies often include: peripheral blood and bone mfm'OW
smears, thrombocyte counts, search for spherocytes, determination 0
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crease in the blood pressure. The respiratory rate is often elevated as a
result of impaired ventilation from pain, fractured ribs, ete, With
continued bleeding and prior to the onset of shock, the temperature
tends to rise slightly.

The laboratory findings may or may not be belpful. Leukocytosis is
to be expected after any injury and cannot be regarded as evidence
for or against splenic rupture. The red cell count, hemoglobin and
hematocrit values are normal until hemodilution occurs a few hours
after blood loss; then they tend to fall. Serial determinations should
be made at two, three or four hour intervals when the patient is
under observation for suspected visceral injury.

X-ray studies are often helpful. If fractured ribs are found over
the splenic region, the suspicion of splenic rupture is reinforced.
Occasionally, an associated hemothorax, pneumothorax or rupture of
the diaphragm may be indicated by the chest films. Sometimes the
normal splenic shadow is larger than it should be, and the air-
containing stomach and/or colon are found to be displaced. Infre-
quently, air in the peritoneal cavity due to perforation of a hollow
abdominal organ will be associated with splenic rupture.

Aspiration of the peritoneal cavity for free blood is sometimes
advised when the diagnosis of rupture is in doubt. This diagnostic
procedure is only helpful when blood is found on aspiration, and it
is, of course, potentially harmful.

Splenectomy is the only treatment for splenic rupture. The opera-
tion should, if possible, be performed before the patient has passed
into the stage of severe shock. Because the diagnosis cannot always
be established with certainty, often abdominal exploration is in order
when the signs suggest visceral injury with intraperitoneal hemorrhage
but the nature and extent of the injury are unknown.

Matched blood must be secured and administered in amounts
sufficient to restore and maintain circulatory dynamics. A nasogastric
tube should be introduced and suction applied to determine the
presence of blood, to empty the stomach and to avoid the danger of
aspiration of vomitus under anesthesia. Ideally, the patient should be
out of shock at the time of operation; but when there is massive
hemorrhage, correction of shock depends on the control of bleedin

In these circumstances, therefore, emergency splenectomy cousﬁmti
an all-important resuscitative measure.

The operation is performed under general anesthesia. i
pedicle is isolated, its vessels ligated, gand the spleen raemTt;l\]li;.PIIg:z
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gressive as the left upper quadrant hematoma enlarges, When bleeding
occurs into the spleen and within its capsule, either the bleeding may
stop spontaneously or catastrophic hemorrhage may follow delayed
rupture, days or weeks after injury.

Splenomegaly from any cause increases the danger of splenic
tupture, Rupture may follow minor abdominal injury and sometimes
occurs spontanecously. Patients with splenic enlargement should be
wamed about this hazard.

The signs and symptoms of rupture of the spleen depend on the
degree of fragmentation, the severity of the local and diffuse pen-
toneal irritation due to blood and the amount and rate of blood loss.
Obviously, the clinical picture is subject to great variation, but the
possibility of splenic rupture must be considered in all patients who
suffer abdominal, thoracic or combined abdominothoracic injuries.

There will usually be a history of direct or indirect injury to the
splenic area. Following the injury, which is not necessarily severe, t'he
patient appears to recover, then passes into a period of “delusive
calm” and Iater exhibits the signs of progressive hemorrhage and shack.

Initially, there is pain in the left upper quadrant and lower chest,
aggravated by breathing, coughing or turning. The pain is often re-
ferred to the left shoulder (Kehr's sign) over the phrenic nerve from
the left subdinphmgmatic area. Nausea and vomiting are not Tikely
to be prominent symptoms except when associated injuries to other
abdominal organs exist. There is tenderness and splinting of the left
side of the chest if direct injury to the splenic region has occurred.
Fractured ribs may be palpable. Superficial abrasions, contusions and
hematomas of this region are commonly observed.

The abdominal findings may not be too unusual soon after the
injury has been sustained. Tenderness and muscle spasm in the upper
abdomen, particularly on the left, is often localized, then later becomes
diffuse. The abdominal muscles, however, are not rigid, as they are
in perforated peptic ulcer, because blood is much less irntating to
the peritoneum than gastric secretions. Some degree of rebound
tenderness will be present. If a hematoma forms and enlarges, a mass
may be felt in the left upper quadrant. Usually the bowel sounds
become hypoactive and disappear as blood spreads throughout the
peritoneal cavity.

Except in massive hemonhage, the onset of signs of shock are
delayed, but those of impending shock may be recognized. They may
consist of only a persistent increase in the pulse rate and a slight de-
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it follows an acute infectious diseasc. Spontancous cercbral and
retinal hemorrhage are particularly scrious complications, The splcen
is not enlarged.

The diagnostic blood findings are:

1. Reduction in the level of blood platelets
2, Prolonged bleeding time
3. Prolonged clot retraction time

The bone marrow is normal or shows increased megakaryocytes
and erythroid elements. Capillary resistance is deereased, as demon-
strated by the appearance of petechiac with the Rumpel-Leede tour-
niquet test. The secondary purpuras must be carefully excluded if
surgical treatment is to be of value.

The condition of the patient, rather than the acuteness or chronic-
ity of the disease, must be the determining factor in planning treat-
ment. Cortisone or ACTH may induce a remission and, in some in-
stances, possibly a cure. Splenectomy (including all accessory splenic
tissue) is the preferred treatment and usually results in prompt cessa-
tion of active bleeding, a decrease in the bleeding time, an immediate
and sustained rise in the platelet count and disappearance of petechial
hemorrhages and ecchymoses.

While the concept of hypersplenism as the basic mechanism in
the development of this disease has much to support it, splenic
hormones influencing hemopoiesis in the bone marrow, faulty matura-

tion of the megakaryocytes or auto-immune platelet destruction may
also be important factors.

IniopaTHIC NEUTROPENIA

In idiopathic, or primary, splenic neutropenia, the spleen is en-
larged and filled with large numbers of neutrophils in various stages
of disintegration. The bone marrow may be normal or may show
an increase in the myeloid series. The clinical manifestations of this
condition are: a tendency to increased infections, fatigue, weakness,
mouth ulcers and leg ulcers. The diagnosis is established by bIooé

studies, including the bone marrow. Splenectomy may constitute ef-
fective treatment.

IplopaTHIC PANCYTOPENIA

In idiopathic pancytopenia (primary spleni i
plenic hematopen
the blood elements of bone marrow origin are decreased. l’;’helasi;lezlxll
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and clotted blood is evacuated; and after a search is made for injury
to other organs, the abdomen is closed.

CoNGENITAL HEMOLYTIC JAUNDICE

Congenital hemolytic jaundice (spherocytosis, primary hemo-
Iytic jaundice) is a chronic, often mild, disease characterized by per-
sistent and variable jaundice, splenomegaly and anemia. Hemolytic
crisis may occur. Gallstones (bilirubin type) are common, The diag-
nosis is confirmed by laboratory findings:

1. Spherocytes in the perspheral blood

2. Increased fragility of erythrocytes in hypotonic salt solution (normal,

0.3-0.5%)

3. Hig]:l reticulocyte count and presence of immature red cells in the

I

1t is probable that a hereditary defect in red cell generation in
the bone marrow results in the production of spherocytes. The spleen
removes and destroys the abnormal cells while the normal red cells
“die” after a fe span of about 120 days. Destruction of large num-
bers of spherocytes and possibly impaired liver function and over-
activity of the bone marrow leads to jaundice, The jaundice is oft?ﬂ
chronic; but acute hemolytic crises may produce intermittent anemid,
jaundice, abdominal pain, weakness, dyspnea, palpitation, etc.

The results from splenectomy are excellent in typx'cal cases
Operation is inadvisable during acute hemolytic crises and shou!d
be deferred unless the serious condition of the patient demands it
Blood transfusions are withheld, if possible, during criscs becausé
there 1s a possibility of aggravating the hemolytic process. Propéfl)'
grouped and cross-matched sedimented red cells suspended in saline
may be lifesaving in some instances. ACTH or cortisone often 1
duce a remission of the acute process.

IvioraTiIC THROMBOCYTOPENIC PURPURA

In idiopathic, or primary, thrombocytopenic purpura, the patient
gives a history of widespread subcutancous hemorrhages occurrng
spontaneously or after mimnor injury. Hemorrhage also occurs from the
bowel, bladder, nose, uterus or other organs. The discase may -’1PP":ar
suddenly in a severe form or may develop slowly and progress it:lsld'
iously. It is more frequent in children than in adults, and sometimes
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develop. This complication can be puvcnkcd or delayed by provxdmg
an artificial by-pass between the splenic vein and the left renal vein
(splenorenal shunt) at the time of splencctomy.
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is enlarged, and the bone marrow is hyperplastic. A favorable response
may follow the administration of ACTH or cortisone. Secondary hyper-
splenism due to a systemic discase must be considered and, 1f possible,
ruled out before splencctomy is performed.

CONGESTIVE SPLENOM {EGALY

Banti, in 1883, described a syndrome or disease (Banti’s disease)
characterized by anemia, splenomegaly, cirrhosis of the liver and
ascites. Later he and other investigators belicved that the syndrome
was the end stage of splenic anemia. They considered that the proc-
ess began with anemia and splenomegaly and then progressed to
cirthosis of the liver and finally to ascites. Recent studies suggest that
this condition is the result of portal hypertension. Portal hypertension
is produced by intrahepatic or extrahepatic blockage to portal flow,
which may result from a variety of discases. The most common causes
of intrahepatic blockage are: portal cirrhosis and schistosomiasis; the
most common causes of eatrahepatic blockage and thrombosis, caver-
nous transformation and eaternal compression of the portal vein (or
splenic vein) by tumors or inflammatory processes.

Whatever the cause of portal hypertension, the spleen is affected
and congestive splenomegaly with secondary hypersplenism re'sultS-
The splenic sinusoids become dilated and “engorged. There is an
accompanying connective-tissue reaction which causes the spleen to
become hard and its capsule to become thickened and fised to the
parietal structures by vascular adhesions. The pressurc in the portal
system (including the splenic vein) is elevated (two or more times
normal of about 150 mm. of water), and numerous collateral channels
between the portal and caval systems are demonstrable. The most -
portant routes of collateral flow are to the veins of the abdominal
wall (which form the caput medusa), to the esophageal plexus,"o
the pelvic veins and to the hemorrhoidal veins. The esophageal veins
are of prime clinical importance because the varices which develop
here often rupture and lead to massive hemorrhage and death.

Congestive splenomegaly cannot be treated effectively by simple
splenectomy except in the rare instances where the obstruction is con-
fined to the splenic vein. When the block is located in tke portal vein
or in the liver, as it is in most cases, splenectomy affords only a 5}.10rt
period of clinical improvement, following which other comp]icatflons
of portal hypertension, including rupture of esophageal varices,
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cal judgment or specialized treatment which he may be unable to
provide is needed, he will request the help of those best able to give it.

Fortunately for both the patient and physician, nature’s indomi-
table drive to survival and recovery (vis medicatrix naturae) includes
many acute conditions of the abdomen. The patient will often recover
without, with, or in spite of, treatment. In some conditions, unfortu-
nately, the changes within the abdomen are irreversible, and without
surgical treatment the patient will die~for example, the vicious
cycle of intestinal obstruction, where operative treatment alone can
reverse the process and save the patient’s hife. There are other abdom-
inal conditions in which operation does no good (e.g., acute pan-
creatitis); and still others (extra-abdominal disturbances) in which
operation is generally harmful. The decision, therefore, “to operate
or not to operate” must be based on good clinical judgment, which
comes with knowledge and experience.

CLINICAL. ASPECTS

The entire clinical picture must be studied, and each bit of evi-
dence weighed. Often there are bits of information, clues, perhaps
hunches, which the clinician ties together to help him make a diag-
nosis which is most likely to be correct. Some of these clues pertain
to the patient’s age, sex, habitus, past and present history, appearance,
emotional background, etc.

In the newborn, congenital anomalies often produce acute con-
ditions of the abdomen. Disturbances of the gastrointestinal tract
(usually obstruction) may result from imperforate anus, malrotation,
volvulus, atresia of the gut, meconium ileus, tracheoesophageal ﬁstu!a’
or diaphragmatic hemiation. In the first few weeks of life, hyper-
trophic pyloric stenosis and megacolon may give rise to symptoms of
obstruction. Later in infancy, 1leocolic or ileoileal intussusceptinn ma;
occur. At this time, “colics” or infections (e.g., urinary tract) ari
common and may resemble acute surgical conditions. In childhood
and young adult life the incidence of appendicitis is high. In ado-
lescent and young adult females, hemorrhage from a ruptured
graaﬁax.l follicle may mimic acute appendicitis. In females, l:]urin
the.chx]d-bean'ng period, ectopic pregnancy and infech'ons’ of thg
genital tract are possible causes of lower abdominal pain. An ovaria
cyst which has become twisted on its pedicle, pelvie iz.lﬂamman' iy
septic abortion and endometriosis are also consid’eraﬁons. o



CHAPTER 21

Acute Surgical Conditions
of the Abdomen

ACUTE CONDITIONS of the abdormen are generally
produced by inflammatory, obstructive or vascular mechanisms and
are manifested by abdominal pain, gastrointestinal symptoms and
varying degrees of local and systemic reaction. They require urgest
treatment, often including emergency operation. They range from
easily recognized conditions to complex or ohscure disturbances, the
diagnosis of which may be most difficult. There are few specific tests
or cxaminations which may be relied on to give clear-cut answers (0
these problems. Their urgency usually precludes prolonged investigd-
tions and deliberations and calls for prompt and decisive action
Although in some conditions x-ray studies are helpful, there are certain
deBinite Jimitations to the use of radiographic methods. Similarly,
most labaratory tests have limited diagnostic value.

The diagnosis of acute conditions of the abdomen, therefore,
frequently resolves itself into arriving at a judgment based on the
evidence derived from an accurate and complete history, & Caf‘{f“l
physical examination, a few laboratory tests and selected x-ray studies.
From these data it is possible to analyze the clinical picture in terms
of disturbed structure and function, to synthesize a working diagnosts
or differentisl diaguosis and to prescribe rational treatment. While
gathering the evidence, the physician must weigh the possibﬂities and
probabilities in terms of specific distarbances. He mtust also consider
the need for prophylactic, supportive and cosrective measures, and he
will time these measures se that investigation and treatment proceed
concurrently. He must recognize the fallbility of his observations anc
interpretations and the variability of biologic phenomena. When criti-
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SYMPTOMS

Pawv.—An analysis of the character of the pain is essential to
diagnosis. The items which should be considered include: the mode
of onset, location, intermittency or constancy, radiation, severity,
accentuation and relief, and progression or regression. If analgesics
(especially morphine) have been administered before examination,
assessment is difficult. These drugs tend to cloud the patient’s re-
sponses and to obscure the physical signs upon which the physician
must base his diagnosis. Even in the absence of analgesics, there is

A

Fic. 95.—Primary zones to which visceral pain of alimentary tract origin is re-
ferred A, Zone 1 (epigastric area), from disturbances arising in the foregut deriva-
tives, These mclude: h, duod {to the duodenal papilla), liver, bile ducts
and pancreas. B, Zone 2 {umbulical area), from disturbances arising in the midgut

. denal papilla, the

C, Zone 3 (hypo-

o a i agul WELLS dTIVES, These include:
, the g and sigmoid colon and the

the left half of the trans
rectum.

great variation i pain patterns and individual responses, but some
generalizations are possible,

As previously stated (in Chapter 13, on The Pentoneum), visceral
pain is characteristically vague and poorly localized. It may be pro-
jected or referred into somatic zones through neural communications
m the brain or cord. Pain of gastrointestinal origin, with few excep-
tions, is referred to three zones, located in the midline of the abdomen
(Fig. 95). Disturbances of the stomach, ducdenum, gallbladder and
pancreas cause referred pain in the upper zone (epigastric); the small
intestine, appendix and large intestine proximal to the mid’transverse
(.;olon in the middle zone (umbilical); and the distal large intestine
in the lower zone (hypogastric). On the other hand, when the parietal
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In the adult male, perforated peptic ulcer and, in the adult female,
acute obstructive cholecystitis are second only to acute appendicitis
as causes of acute abdominal conditions. With advancing age (usually
beyond forty), vascular and neoplastic diseases appear with increas-
ing frequency and may precipitate acute abdominal pain. Embolic
and thrombotic occlusion of the mesenteric vessels, although uncom-
mon, should be borne in mind, particularly when the patient has
evidence of cardiovascular disease.

Neoplastic diseases usually do not produce acute abdominal
symptoms, but the physician is often misled unless he carefully
evaluates the antecedent history. Carcinoma, especially of the large
bowel, may precipitate acute colonic obstruction. Small-bowel obstruc-
tion is most often caused by strangulation in a hemnia. If there is no
obvious hernia, then a search should be made for an occult hernia in
the femoral ring, If the patient has an abdominal scar and signs of
intestinal obstruction, the odds will favor peritoneal bands or fld‘
hesions as the cause. A history of a previous intestinal obstruction
due to adhesions strongly predisposes the patient to similar troubl.e.

The patient’s build and temperament may be a clue to diagnosis.
The patient with peptic ulcer is often an emotional, energetic, dn‘vl'ﬂg’
thin male who has been subjected to unusual pressures. The patient
with gallbladder disease commonly is an obese female who has had
many children. But it should be remembered that acute gallbladder
disease and perforated ulcer may occur in either sex and any body
type. Patients with sigmoid diverticulitis are often fat and elderly.
Acute pancreatitis occurs in both males and females. A history lzf
pre-existing gallbladder disease or alcoholism should suggest this
diagnosis .

The past history may provide clues to direct diagnosis. Colicky
pain is produced by smooth-muscle stretching or spasm and may
arise from appendical, intestinal, biliary, tubal or ureteral obstruction.
Periodic bouts of indigestion and pain, especially nocturnal, are com-
mon in peptic ulcer. Be alert in atypical appendicitis. Many patients
with duodenal ulcer have been subjected to an unnecessary appen-
dectomy. A history of “colitis” should suggest the possibility of cancer,
diverticulitis or ulcerative or amebic colitis. Any disturbance in bowel
function when accompanied by blood in the stool should suggest
cancer first. All of the foregoing conditions may lead to acute abd?m-
inal symptoms when complications develop (perforation, obstruction,
inflammation or hemorrhage).
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peritoneum is irritated, pain, tendemess and muscle spasm appear
and are localized to the arca of somatic innervation. The abdominal
signs in perforated peptic ulcer, for example, are usually generalized
because diffusion of highly acid fluid causes intense irritation of the
parietal peritoneal surfaces (somatic). In acute cholecystitis, visceral
pain is usually referred to the upper zone of the abdomen and to the
back or right scapula; but when parietal peritoneal irritation occurs
(somatic), pain and tenderness are localized to the right upper
quadrant. The pain of pancreatic inflammation is referred to the
anterior upper zone and/or the back or interscapular area. Remember
that the pancreas is a deep-lying retroperitoneal organ; and localized
pain, tenderness and rigidity are not likely to be striking unless the
anterior parietal peritoneum is also involved. The common pain
patterns in acute abdominal conditions are shown in Figure 96.

The kidneys and ureters also lie retroperitoneally, and pain
arising from diseases of these organs is usually referred into the flank,
groin, genitalia or anterior aspect of the thigh. Abdominal pain and
tenderness vary but are often not prominent.

Acute diseases of the female pelvic organs may cause lower
abdominal pain, direct tendemess and pain on movement of the
uterus and adnexa. There may be pain low in the back or radiating
into the thighs. The signs and symptoms sometimes resemble those
of appendicitis, diverticulitis, intestinal obstruction or urinary tract
disease.

Nausea axp Voruring —Slight nausea and vomiting may be of
reflex origin and, as such, are nonspecific. Protracted vomiting is more
significant and may result from physiologic or mechanical obstruction
to the gastrointestinal tract; less commonly from metabolic imbalances,
drug toxicity, infections and central nervous system disturbances.
Vormting may not be an outstanding feature of acute abdominal con-
ditions caused by infection, hemorrhage or vascular occlusion unless
complicated by intestinal obstruction, gastric dilatation, peritonitis
or certain metabolic alterations.

ConstIPATION OR Diarruea.—Constipation or diarrhea should be
interpreted in terms of the entire clinical picture. With complete
bowel obstruction, unrelenting constipation (obstipation) appears
after the fecal matter beyond the block has been discharged. Com-
monly, obstruction is incomplete, and some gas and solid material
will b.e expel.led for a few days after the onset of symptoms of ob-
struction. This may lead to the conclusion that there is no obstruction,
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F16. 96,~Common pam patterns in acute abdomunal conditions A, acute ap-
pendiaitis. B, perforated peptic ulcer. Note radiation of pain to the nght shoulder.
C, acute cholecystitis, D, acute tis. E, acute sij 3ol . tcuhtss, F, acute
obstruction of the blood supply of the bowel, as in mesenteric embolism, mescatenc
thrombosis or strangulating mtestimal obstruction,
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peritoncum s irritated, pain, tendemess and muscle spasm appear
and are localized to the arca of somatic innervation. The abdominal
signs in perforated peptic ulcer, for example, are usually generalized
because diffusion of highly acid fluid causes intense iritation of the
parietal peritoncal surfaces (somatic). In acute cholecystitis, visceral
pain is usually seferred to the upper zone of the abdomen and to the
back or right scapula; but when parietal peritoneal irritation occurs
(somatic), pain and tendemess are localized to the right upper
quadrant. The pain of pancreatic inflammation is referred to the
anterior upper zone and/or the back or intcrscapu]ar area, Remember
that the pancreas is a deep-lying retroperitoneal organ; and localized
pain, tenderness and rigidity arc not likely to be striking unless the
anterior parietal peritoneum is also involved. The common pain
pattems in acute abdominal conditions are shown in Figure 96.

The kidneys and ureters also lie retroperitoneally, and pain
arising from diseases of these organs is usually referred into the flank,
groin, genitalia or anterior aspect of the thigh. Abdominal pain and
tendemess vary but are often not prominent.

Acute diseases of the female pelvic organs may cause lower
abdominal pain, direct tenderness and pain on movement of the
uterus and adnexa. There may be pain low in the back or radiating
into the thighs. The signs and symptoms sometimes resemble those
of appendicitis, diverticulitis, intestinal obstruction or urinary tract
disease,

Nausea anp Voaurmvg.—Slight nausea and vomiting may be of
reflex origin and, as such, are nonspecific. Protracted vomiting is more
significant and may result from physiologic or mechanical obstruction
to the gastrointestinal tract, less commonly from metabolic imbalances,
drug toxicity, infections and central nervous system disturbances.
Vomiting may not be an outstanding feature of acute abdominal con-
ditions caused by infection, hemorrthage or vascular occlusion unless
complicated by intestinal obstruction, gastric dilatation, peritonitis
or certain metabolic alterations.

ConsteaTion or Disrrues —Constipation or diarthea should be
interpreted in terms of the entire clinical picture. With complete
bowel obstruction, unrelenting constipation (obstipation
:rl::;rl the fecal matter beyond the block has been discharged. Com-

only, obstruction is incomplete, and some gas and solid material
will be expelled for a few days after the onset of sym;

A . toms of ob-
struction. This may lead to the conclusion that there is ng obsh—ucﬁsz;
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temperature, pulse, respiration and blood pressure are recorded; this
information provides a base line for later obscrvations. Careful ex-
amination of the heart and lungs should be carried out, bearing in
mind that disturbances in these organs may mimic acute abdominal
diseases. At this time also, the functional capacity of these organs is
assessed. If there is need for special laboratory tests, x-rays, electro-
cardiograms or consultations, the machinery for securing them should
be set in motjon.

The abdomen must be exposed completely for examination. The
examiner’s hands should be warm. A calm, reassuring and sympathetic
approach on the part of the physician is helpful. He should ask the
patient “Where js the painP”and should tell him to “point to it with
one finger.” This may give important clues. The examiner should use
special care when studying these arcas.

Inspection of the abdomen often reveals significant surgical scars,
hernias, striae, prominent veins, distention, bulging in the flanks,
masses, discoloration or visible peristalsis. If inspection is cursory and
the immediate attention is directed toward palpation, important
signs may be overlooked. Take time to look and think, as well as to
feel and think.

The next step is systematic palpation of the abdomen, beginning
at a distance from the area of maximal tendemess and alternately
testing and comparing each region with the opposite side. In the
general abdominal survey, a search should be made for areas of
tenderness, muscle spasm or induration, and then any specific areas
which may appear abnormal should be reviewed. When muscle spasm
is marked, deep palpation is painfu], uninformative and unnecessary.

Persistent localized tenderess is the most important sign of in-
flammation. If it cannot be determined for sure that tenderness,
muscle spasm or other important signs actually exist, the examination
should he repeated after a short interval. It should be remembered
that apprehension, suggestion, fatigue, exposure or lack of co-operation
may give false positive or negative responses. When equivocal physi-
cal findings are reproducible on successive examinations or when they
are verified by competent observers, they can be considered significant.

Percussion of the abdomen is helpful in demoustraﬁng gas or
fluid in the hollow organs or in the free peritoneal cavity, Gas in the

bowel under pressure gives a high-pitched percussion note. ‘When the
abdomen is enlarged and resonant, consider intestinal distention or
preumoperitoneum. In pneumoperitoneum the area of normal liver
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when in reality intestinal obstruction does exist. In acute appendiatis,
constipation due to early inhibition of the intestinal motility may be
expected. It may be associated with a sensation of cecal “gas stoppage”
which is not relieved by enemas. Less commonly, diarrhea occurs
with the onset of appendicitis, or may appear later when peritonits
develops. Diarrhea is often a prominent symptom in “food poisoning”
or acute gastroententis. Bouts of alternating diarrhea and constipation
suggest diverticulitis of the sigmoid or possible large bowel cancer.

Breeping,—“Tarry” or black stools generally indicate upper gastro-
intestinal hemorrhage. Rapid bleeding from any part of the gastro-
intestinal tract leads to the passage of liquid or clotted blood and
signs of exsanguination. The mixed blood and mucus stools (“currant
jelly”) of intussusception of infancy are quite typical.

OmuEn Syapronms.~All of the patient’s symptoms should be con-
sidered and logically and systematically analyzed with respect to the
organs most likely to give rise to acute conditions. These conditions
arise most commonly in the appendix, gallblzdder, stomach é}ﬂa
duodenum, pancreas, spleen, liver, small intestine, large intestiné,
the urinary tract and the female reproductive organs. An under-
st:mdx'ng of the structure and function, innervation, pen’toneal ct?\féf'
ing and anatomic relationships of these organs will aid the physician
in his interpretation of symptoms and signs to the end that 2 correct
diagnosis can be established.

Pravysicar. EXAMINATION

The general physical examination provides essential data. .fof
making the diagnosis, determining the urgency of the cundlhf)n»
assessing the patient’s physical state and operative risk, detecting
imbalances and preoperative needs, timing the operation, selecting
anesthesia and making a prognosis

The abdominal examination (including pelvic and rectal) pro
vides information which indicates the type and degree of the intra-
abdominal reaction upon which the differential diagnosis or direct
diagnosis can be based and the need for or against operation.

The patient is surveyed rapidly for fever, shock, hemorrhage,
anemia, dehydration, cardiac decompensation, etc. If necessary, essen
tial treatment is started immediately, and the detailed history and
examination are deferred temporarily.

The severity and character of the pain may be apparent. The
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temperature, pulse, respiration and blood pressure are recorded; this
information provides a base line for later obscrvations. Careful ex-
amination of the heart and lungs should be carried out, bearing in
mind that disturbances in these organs may mimic acute abdominal
discases. At this time also, the functional capacity of these organs is
assessed. If there is need for special laboratory tests, x-rays, electro-
cardiograms or consultations, the machinery for securing them should
be sct in motion,

The abdomen must be exposed completely for examination. The
examiner’s hands should be warm. A calm, reassuring and sympathetic
approach on the part of the physician is helpful. He should ask the
patient “Where is the pain?"and should tell him to “point to it with
one finger.” This may give important clues. The examiner should use
special care when studying these areas.

Inspection of the abdomen often reveals significant surgical scars,
hernias, striae, prominent veins, distention, bulging in the flanks,
masses, discoloration or visible peristalsis. If inspection is cursory and
the immediate attention is directed toward palpation, important
signs may be overlooked. Take time to look and think, as well as to
feel and think.

The next step is systematic palpation of the abdomen, beginning
at a distance from the area of maximal tenderness and alternately
testing and comparing each region with the opposite side. In the
general abdominal survey, a search should be made for areas of
tendemess, muscle spasm or induration, and then any specific areas
which may appear abnormal should be reviewed. When muscle spasm
is marked, deep palpation is painful, uninformative and unnecessary.

Persistent localized tendemess is the most important sign of in-
flammation. If it cannot be determined for sure that tendemness,
muscle spasm or other important signs actually exist, the examination
should be repeated after a short interval. It should be remembered
that apprehension, suggestion, fatigue, exposure or lack of co-operation
may give false positive or negative responses. When equivocal physi-
cal findings are reproductble on successive examinations or when they
are verified by competent observers, they can be considered significant,

Percussion of the abdomen is helpful in demonstrating gas or
fluid in the hollow organs or in the free peritoneal cavity. Gas in the
bowel under pressure gives a high-pitched percussion note. When the
abdomen is enlarged and resonant, consider intestinal distention or
pneumoperitoneum. In pneumopentoneum the area of normal liver



470 FUNDAMENTALS OF CENERAL SURGERY

dulness becomes resonant, Gastric distention produces an area of
increased resonance in the left upper quadrant or sometimes in most
of the upper abdomen.

Free fluid within the peritoneal space is demonstrated by testing
for a fluid wave and shifting dulness. In ascites, bulging in the flanks
may be observed. Small accumulations of peritoneal fluid often can-
not be demonstrated by physical signs alone.

Auscultation is most helpful for assessing the functional activity
of the bowel. Noises originating within the abdomen are produced
by peristaltic movements transporting the bowel contents. The
character of the bowel sounds is dependent on the thickness of the
wall, the size of the lumen, the content of the bowel, the intraluminal
pressure and the duration, frequency and vigor of the waves. Bowel
sounds frequently are audible without the aid of a stethoscope
(borborygmi).

Interpretation of bowel sounds can be learned only by practice
and experience. Normally they occur as gurgles, rustles and rushes.
They are influenced by digestion as well as by the emotional state.
When alterations in the bowel sounds (absent, hypoactive or h?'ger-
active) occur in association with other changes, they have clinical
significance. Inhibition of gastrointestinal function is a part of ‘the
reaction to local and general stress. For example, peritoneal irritation,
as well as an acute fracture of the femur, will cause a cessation of
bowel activity and a silent abdomen, The inhibition genenally does
not persist; and after hours, or days, sounds will again be heard as
function is resumed. )

The auscultatory findings encountered in established mcchanfca]
intestinal obstruction may be striking. The sounds are loud, booming,
thythmical and synchronous with colicky pain. As the bowel becomes
distended, the sounds become high pitched and take on 2 tinkling
quality. The character of the bowel sounds is an important clue t0
the differential diagnosis of intestinal obstruction. In paralytic ﬂ?us
the bowel sounds are absent or hypoactive. In mechanical obstmct'm“
they are hyperactive but later become hypoactive, as exhaustion,
vascular impairment and distention-inhibition of the intestine develop-

The physical examination must include rectal palpation in t_h‘e
male and pelvic and rectal palpation in the female. Acute prostatitis
and seminal vesiculitis in men may mimic acute intra-abdominal
conditions. Fecal impaction, pelvic abscesses or neoplasms may pr(?'
duce signs of intestinal obstruction. When an inflamed appendix
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lies low in the pelvis, there may be rectal tenderness and a palpable
rectal mass in the absence of abdominal signs.

Some diseases of the female pelvic organs produce acute abdom-
inal conditions. The pelvie examination may reveal a tubal or ovarian
mass, cnlnrgcmcnt of the uterus, evquisite tenderness on movement
of the cervix, bulging in the cul-de-sac or a bleody or purulent cer-
vical discharge. If any of these signs are encountered, acute pelvic
complications must be considered.

LABORATORY EXAMINATION

The urine and blood should be examined routinely. An analysis
of a catheterized urine specimen is desirable in the female. The specific
gravity and reaction of the urine is a rough index of the water and
salt balance. Albuminuria suggests impaired renal function. Glycosuria
in the absence of previous glucose infusion suggests diabetes. Keto-
nuria or acetonuria may indicate acidosis. Pus and blood in the urine
suggest disease of the urinary tract (e.g, ureteral stone) but can also
result from an inflamed appendix lying in proximity to the ureter or
bladder.

In dehydration states, the red cell and hemoglobin values are
increased as a result of hemoconcentration. Early in the course of
simple intestinal obstruction there may be no significant alterations
in the blood picture. The total leukocyte count and the percentage
of polymorphonuclear cells and immature forms are usually elevated in
acute inflammatory conditions. Conditions in which tissue necrosis
occurs (e.g, strangulated intestinal obstruction) are generally as-
sociated with a marked polymorphonuclear leukocytosis.

Other laboratory tests may be helpful. The erythrocyte sedimenta-
tion test is sometimes an aid in the differentiation of early acute
appendicitis from pelvic inflammatory disease. The red cell fall is
accelerated in conditions associated with infection and abscess forma-
tion. Smears and cultures of cervical and urethral exudates may reveal
the presence of specific pathogens (e.g., gonococcus).

The serum amylase test is essential when the possibility of acute
pancreatitis exists, This condition should be kept in mind in all
patients with acute upper abdominal pain. Serum amylase values in
excess of 150 units (Somogyi) are significant, but levels of 1,500-2,000
units or more are not unusual in the early stages (twenty-four to
forty-eight hours) of severe acute pancreatitis, The serum amylase
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level falls rapidly to normal after this short initial period. The serum
lipase determination, which is'preferred by some physicians, but which
requires more laboratory time, remains elevated for longer periods. It is
used less frequently than the serum amylase test.

X-ray EXaMINATION

Important information can be sceured from x-ray studies. Final
interpretation of the films is best based on combined study by the
clinician and the radiologist in order that the whole problem can
be considered.

Cenemlly, in patients with acute conditions of the abdomen, the
x-ray examination consists of two abdominal exposures (scout films):
a supine anteropostenor film and an upright film. When the patient
cannot be placed in the upright (sitting or standing) position, 2 lateral
decubstus film is made with the patient lying on his side (usually
left) and the x-ray beam directed horizontally through the abdomen.
A chest film may also be obtained at this time if indicated.

Eacept under special circumstances, administration of contrast
substances is contraindicated. A barium suspension given by mouth
or by rectum is likely to leak into the peritoneal cavity when petfora-
tion or impending perforation exists. Likewise, when there is an -
pending bowel obstruction, it may be made complete by introduction
of barium. When large-bowel obstruction is suspected, a barum
enema is sometimes required to establish the diagnosis. A ]udim’ousl'y
administered barium enema is an important diagnostic and therapeutic
(reduction) measure in intussusception of infants and children. If
urinary tract injury or disease is suspected, intravenous pyelonghY
is a readily available and probably harmless diagnostic procedure.

Scout films of the abdomen can often provide immediate informa-
tion which confirms the diagnosis, excludes certain diagnoses and
suggests previously unconsidered diagnoses. .

The flms may reveal specific alterations which are associated with
the following conditions:

Pneumoperitonetm.—Gas in erther or both subdiaphragmatic areas
in the upright film (or in the flank in the lateral decubitus film) is
almost pathognomonic of perforation of a hollow viscus. Most com-
monly the gas is due to a ruptured peptic ulcer or traumatic per
foration.

Distention.—~When an abnormal amount of fluid and gas is noted
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in the bowel and is associated with an increase in the diameter of
the bowel, one must consider intestinal obstruction, either mechanical
or functional in origin. Gas in the small bowel is normal in the infant
and young child but abnormal later in life.

Forgign bodies.—Gallstones, urinary stones, fetal parts, calcified
myomas, surgical sponges or instruments, shell fragments, etc.,, may
be encountered.

Localized Collections of Fluid or Gas.—The presence of localized
collections of fluid or gas may suggest intraperitoneal perforation and
abscess formation (e.g., appendicitis, diverticulitis and carcinoma}.

Enlargement or Displacement of Organs.—Retroperitoneal hemor-
rthage, subcapsular splenic hemorrhage, acute pancreatitis, hydro-
nephrosis, etc., may produce significant radiographic alterations.

Diacnosis axDp DIFFERENTIAL DIAGNoOSIS

Investigation and supportive treatment should proceed concur-
rently in most situations, and especially if a specific diagnosis is not
immediately apparent or cannot be established. This may be the case
when the initial pathologic process has been complicated by secondary
changes (e.g., sbock in acute pancreatitis). The clinical picture at
any one time is influenced by many variables and often changes
rapidly. A broad and overlapping classification which takes into ac-
count the changing clinical picture, the gravity of the pathophysiologic
disturbance, the urgency of the therapeutic problem and the serious-
ness of prognosis follows:

CatastropHE.~This category includes those conditions character-
ized by sudden severe and continuous abdominal pain, moderate
to extreme abdominal tenderness and myﬁpasi and shock or a
shocklike state. There is extensive tissue damage and fluid loss from
traumatic, chemical or vascular insult, Em~e'r—gency treatment, u;ally
including operation, is required. Without treatment, rapid and pro-
gressive deterioration of the patient’s general physical state may be
expected. Prognosis should be guarded.

Couc.—The onset of colic may be variable, but periodic pain due
to smooth-muscle spasm and serious disturbances in gastrointestinal
function are characteristic. Profound systemic reactions are generally
not encountered in the early stages but become severe as the process
advances. The need for treatment is urgent but is not so critical as in
the preceding category. The prognosis is good in cases seen early.
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level falls rapidly to normal after this short initial period. The serum
lipase determination, which is'preferred by some physicians, but which
requires more laboratory time, remains clevated for longer periods. It s
used less frequently than the serum amylase test.

X-ray EXAMINATION

Important information can be secured from x-ray studies, Fnal
mnterpretation of the films is best based on combined study by the
clinician and the radiologist in order that the whole problem can
be considered.

Generally, in patients with acute conditions of the abdomen, the
x-ray examination consists of two abdominal exposures (scout films):
a supine anteroposterior film and an upright film, When the patient
cannot be placed in the upright (sitting or standing) position, a lateral
decubitus film is made with the patient lying on his side (usnally
left) and the x-ray beam dirccted horizontally through the abdomen.
A chest film may also be obtained at this time 1f indicated.

Except under special circumstances, administration of contrast
substances is contraindicated. A barium suspension given by mouth
or by rectum is likely to leak into the peritoneal cavity when perfora-
tion or impending perforation exists, Likewise, when there is an -
pending bowel obstruction, it may be made complete by introduction
of barium. When large-bowel obstruction is suspected, a bfmum
enema is sometimes required to establish the diagnosis. A judiciously
administered barium enema is an important diagnostic and therapeutic
(reduction) measure in intussusception of infants and children. If
urinary tract injury or disease is suspected, intravenous pyelography
is a readily available and probably harmless diagnostic procedure.

Scout films of the abdomen can often provide immediate informa-
tion which confirms the diagnosis, excludes certain diagnoses and
suggests previously unconsidered diagnoses.

The films may reveal specific alterations which are associated with
the following conditions;

Pneumoperitoneum.—Gas in either or both subdiaphragmatic areas
in the upright film (or in the flank in the lateral decubitus film) is
almost pathognomonic of perforation of a hollow viscus. Most com-
monly the gas is due to a ruptured peptic ulcer or traumatic per-
foration.

Distention.—When an abnormal amount of fluid and gas is noted
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fater, as inflammation develops, the pain becomes more constant and
is associated with tendemess.
The need for immediate medical care when the clinical picture

TABLE 19.~Seeciric CONDITIONS ACCORDING TO CATEGORIES

Catastrophe

Colic

Inflammation

Scncican

Rupture of a hollow organ—
spontaneous or traumatic
{peptic ulcer, ectopic preg-
nancy, etc.)

Rupture of a solid organ—
usually traumatic {spleen,
hver, kidney)

Acute  vascular occlusion
(mesenteric accident, stran-
gulating obstruction)

Massive hemorrhage, peptic
ulcer, carcinoma, esopha-
geal varices, etc,

Acute i ] ot

NONSLRGICAL

Acute pancreatitis
Coronary thrombosis
Dissecting aneurysm

o

=small and large bowel
Acute appendicitis {see also
Inflammation, below)

Acute appendicitis
Acute cholecystitis
Acute diverticulitis

Fecal impaction
Buliary colic
Renal colie

+ Mesenteric lymphadenitis
zRegional ententis

-» Pelvic inflammatory disease
+ Ruptured ovarian follicle
.Unnary tract infection
5Pneumonia and pleuntis
~Hepatitis

_ Diabetic acidosis

.«Lead poisonmng

. Tabes dorsalis

Porphyria

is that of an abdominal catastrophe is suggested by the label “Pri-
ority I” in Table 20. The diagnostic and therapeutic implications of
this category should be apparent.

SoME CHARACTERISTICS oF COMMON ACUTE
CONDITIONS OF THE ABDOMEN

AcuTE ApPENDICITIS.~Pain begins in the epigastric or periumbilical
area and in a few hours shifts to the right lower quadrant. Nausea
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InFLAMMATION.~In acute inflammations of the abdomen (Fg,
97) the initial manifestations may not be severe, but pain and tender-
ness may increase and tend to become localized. Shock is absent until
the late stages. Fever and leukocytosis are usual. The bowel sounds
are hypoactive or absent. Tissue damage is likely to be extensive. Signs
of infection may be prominent. Operative and nonoperative measures

A, primary sites of

should be applied according to the diagnosis and indications. The
prognosis is generally favorable.

The need for surgical and nonsurgical treatment is also indicated
in Table 19.

Table 20 correlates the pathologic, clinical and therapeutic aspects
of the most frequent acute conditions of the abdomen. It shouh? b.e
stressed that such a categonization is helpful only insofar as it 15
used with good judgment. All of the acute abdominal conditions ar
subject to great variations, and more than one mechanism is Il}iel}’
to be involved. For example, in acute appendicitis the initial pain is
likely to be colicky as a result of obstruction of the appendical lumen;
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and vomiting nearly always follow the pain rather than precede it.
Localized right lower quadrant tendemess is the most significant
single diagpostic sign. Muscle spasm and rebound tendemcss are
usually present. There is a slight fever and leukocytosis.

Penrorated Urcer.—There may be a history of previous ulcer pain.
The acute episode begins suddenly with upper and then diffuse ab-
dominal pain. The signs of peritonitis are severe, and there is true
boardlike rigidity. The tendency for free peritoneal fluid to gravitate
down the right paracolic gutter to the right lower quadrant of the
abdomen and localize an inflammatory mass may confuse the diagnosis.
The upright flm will reveal air under the diaphragm in about 85 per
cent of cases.

Acute CuorecysTiTis.~In acute cholecystitis, there may be a his-
tory of indigestion and attacks of abdominal pain precipitated by
ingestion of fatty foods. Nausea and vomiting are usual. The pain is
located in the epigastrium and right upper quadrant and radiates to
the back and the tp of the right scapula. There is tenderness and
muscle spasm along the right costal margin, and the gallbladder is
often palpable. A low-lying gallbladder or a high appendix may be
a source of confusion. Gallstones are visible on the scout film of the
abdomen (in about 20 per cent of cases) if the calculi contain suf-
ficient calcium to make them radiopaque.

Acute INTESTINAL OnstRucTion.—A possible underlying etiologic
factor is suggested by an abdominal scar, a hernia or a tumor. The
organic obstructions are notable for intermittent, cramping abdeminal
pains which are synchronous with audible peristaltic rushes. Persistent
vomiting, distention and constipation are characteristic. In uncom-
plicated obstruction, there is no fever. The scout films of the abdomen
reveal dilated, gas- and fluid-illed loops of bowel.

Ruprurep Ectoric Precyancy.—~The important diagnosti )
in this candition are: sudden onset of lower fbduminal frn pel\ficps;?:
slight vaginal bleeding, tenderness on movement of the cervix and a;
pelvic m:[xss of ;aryilllig uc]onsistency. There may have been a missed
menstrual period, and the presumptive si

evident. Shg)ck develops mpli)d]y it I;.)he he g of Preghancy may be

morthage is exsanguinating.
AcutE TorstoN.—The pedicle of an ovarian tumor or gcyst (n§t

a nonmal ovary) or a uterine fibromyoma may become &wisted and
causebsu%den severe abdominal pain, nausea and vomiting. The tumor
may be difficult to palpate because of the extreme pai, y -
may b pain and muscle



TRE0duIAs [EUNSNMONSTS J0 22189p S1qELIA ¥ 5 orary Afymianag |
UONIANRE ‘D ') I Aq Paysafsng o

(uoperado ‘sopoyquue ‘spt
-ng ) &desorq e 30 Supuip
rdoid ispoipuodde  uy
uoperado Apwa foiqussod

Affensn sisoulerp  jeowunn

pojeorpur 3t

812435 0} o1
~19POW—UONOTIX  OjuIay
-S4s “sseur v uo)jo ‘wiseds
apsnur  formydox s
asngrp  uay  ‘pozijeo
~0[—SSIWIIPUD ©

s10003

ausoustrp

aq Lewt svz-x ‘ojefopour
0} 311s ‘uopdrar onudy

! Apaco ¢ °q
-1y SUInSAS 300100 forqrs

-sod jt spsouSvip ysiquisy

-sfs pqe  4sjou
‘uoguasIp ‘Junywoa

' uonjaTa ojua)shs 010A0s

P IPUI J¥ uof
Aqrea  fsorpnis  onsouSe
-1p fsomseout earpoddns

PUT SANEI[OSNSOL ojerpauruiy

pqe juops A1
-11 issoulopua) [eupmop
-qe foJms oydoys 1o

-up 4[ensn .ozuv.g ==.M

‘suted Suldwis juazmooyy

Yooys ‘urrd 019105 usppng

Gl t

-1 ‘smiBurdjes
Jnot ‘sunapIaAp ejmoe
‘sunskoojoyo onoe ‘st
~1puedde ojnoe “3 a—uop

: U
q 019np uopEuy

uasIxa Jo Surpuadury
oq Aew uonenlgens
f{opsnur yroowus)
urlio remosnur
Aofjoy  jo uopongsqQ

$150103U ‘spsoquIoryy
‘oBeyuowoy ‘uoneIojOg

Hut puay ‘ureg

*033 ‘1102 jesslam
‘orod  Arerjiq ‘woponns
-qo [eunsaup oae “3'9
=100 ‘(JusnnuIaqur) ueg

919
‘wsfmoue paimdnx ‘sis0q
~WoI{} dHIjuISIW ‘sune
-anued ajnoe ‘Aourudard
ardopa pamydnr “reon
Ppajeiojrad “8'a—(omdons
~£Ied) Yooys .omn.ﬁou ‘ureg

‘I

ZnTIaDYNVIY

| uarorg TvonNT1y

nsINviDagy

Naarivg

Arrvorug

o NIINOATY RILL JO SNOLLIGNOD) TLNDY NI SANOIALYD—~07 ATAVL

478



14y “quynhay worg)

“fmaprudop Prunsued oq 01 jou 9Iv pun sHup]

(6 *d ‘[ES6T "oul “813ysyqad Aoog Ieak
Puij (UnEn quasazdal olqe} ST uf e

t081OD] Ufed fouptiopay emdy jo sroulng
P L 15T Pozysudwd oq PINOYE i &

25ppri
- -1 jo uop
apsau 1Imaq fuws yasuo a0 <e7NSALOY 10
dpay oN ~Tejp Av1-X 15940 10 ,oof [UPU3S,, | N ¥ %G8 Up T 0L $au0ts moys vy dpy oN Aeryy +9
oHi0psE20
oy K198 pposoafT {pateA
01 *ioyisoyna spsopkaorap Sy | ~9[2 Oserfwe trLag 7 ynacg ¥ yn s fensn sy 't Aioivioqery ,m
Juaa
-atout Kzojeapdsax sputios
oupwopqe 30 UoR _ 1amon quasqy
JuASTSUDIU] PUL ~ognsaz ou fpunoq pasea1d «KQIpy3p OYAPIVOd
aratun NG ~a1 0u UATY 3P SPUNOS [IMO fuswopqe Jaddn punogr
‘uawopqe 12ddn ~wooup opiseNdy | tpunodat ‘opsuaia up osows sy | DU DITNOOT £ 9Ty PaTYEReTy ssaunpny, b
{rutson ogupIeA 010[ :e:?-o:_!.— 11Ju
-qQns 0y runeN *4 01001 132500 )8 Joutiouqny Truizonnng *d Z01~66 1ayApy I 001-66 ampradway, .w
rtwouqns °d 1 @
“Bugaws 89 saop ayippous o11q \ e
1§31 K334 ai0% ~oypdsar Supuns 1502051 J§ O owwif uRWOPgE ured syyuonsed L 9
0% foppudséq | 2ARq Aeut f8RIRSW 2018 ‘[if AlaIN2Y o i AINOY | J0OSRIOOQIOAY | TRURIIF A0V ION coursoaddy 7
h Fupyajas yonue vpxazouL soam %
PRTE] uopdasxy skempy yuoupword JoN 8q Auvur “xapait -[b 1nq ‘Hopdaa Fuppuop T
orpowsyds
aastun auppdious arbar | Suglous sasalian -piug Aq paroTy S et
Asoyeapdsar fuy 430q 07 5PIPOL Suped Jupsua> 2a1 *aupydous suop Y
uue pue 23p{roYs -yt 48 PRARY Hpuesuod "33 “acudiuy oS saspbas '3p equovtay | .
11 01 B0 -1 *paryuIof 30U 2% *[pat ARIC] wappns ‘%GL-09 ~qnoys puw xaeq Jumswod D TH e T .
gper tBupeuRes] uawrapqe 1ad0 g 39179 350 WIPRRG ] 5050 10 AXOIIL | O SOTEDSE “3raass | ©F B SomseRlay g O
eieu
opegy qiog ~puropad sopEa] sa[euIay Uy 2Ty 37 ‘apewd g o xag 1,
0¥ 1920 38 Auy 05-0¢ 08-0¢ 0F 100 OF 22pun AEnsn ofy |
.
NaaN, SLLILYAUINYT wEOTN) LI SILILSXOTTOND sLLIDIONZdaY
favaasos oyl 3200V Taiviosud aaa0y Eren

» NIV, TYNDNOQRY MI33()

40 SISONOVI(] TYIINTHILA(—'TT AT4V.L



478 FUNDAMENTALS OF GENERAL SURGERY

Acvute PancreaTrns.—There is sudden, usually severe, continuous
pain across the upper abdomen and into the interscapular or upper
lumbar region. There is associated nausea and vomiting, and often
slight jaundice develops. Signs of shock may be striking. Tenderness
1s marked, but muscle spasm may be slight because the inflammation
is largely confined to the lesser sac and retroperitoneal region. The
serum amylase test is often diagnostic in the carly stages.

Acute MesenTErc TuroMBosis.—Mesenteric occlusion can result
from arterial thrombosis or embolism (usually from the heart). Venous
mesenteric thrombosis may be spontaneous or secondary to regional
inflammation. Severe diffuse abdominal pain is associated with nausea,
vomting, progressive distention and sometimes a bloody diarrhea.
The signs of peritonitis develop rapidly. The white cell count is
high. X-ray films may reveal widespread gas- and fluid-filled loops
of bowel, but negative x-ray findings do not exclude this diagnosis.

Rupturep Ovamian Fouuere (Mirrrerscinvenz).—Rupture of a
follicle with hemorrhage may produce acute abdominal pain. This
condition occurs midway between the menstrual cycle and is char-
acterized by lower abdominal pain which is usually not severe and
which subsides within a few hours. Nausea and slight vomiting are
common. Tendermess and muscle spasm are not striking. The tempera-
ture and leukoeyte count are slightly elevated. Mittelschmerz often
mimics appendicitis. The history and pelvic findings usually support
the diagnosis, but a period of observation may be indicated. .

AcUTE Mgesenteric  Lyspuapeximis.—This childhood  condition
often occurs with, or follows, an upper respiratory infection, and
there may be other evidence of lymphadenitis. Lymphadenitis cannot
always be differentiated from appendicitis. In both conditions, there
is abdominal pain, nausea, vomiting, fever and leukocytosis. If ap-
pendicitis cannot be ruled out and there is no contraindication, opera-
tion is advisable.

RecioNaL Enterrris —The acute phase of regional enteritis. may
mimic appendicitis. Abdominal pain is often mild and persistent.
Vomiting is unusual, unless there is intestinal obstruction. The sl?ols
may be loose and frequent. There may be a palpable mass in the right
lower quadrant of the abdomen.

ReNAL anp Ureterar, Carcurr—Colicky pain is noted in the bﬁ;\Ck
or flank and in the lower abdomen and is referred into the thigh
(never below the knee) and the external genitalia. Scout films of ﬁ'le
lower abdomen may reveal a stone or enlarged kidney. There will
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be hematuria and/or pyuria unless urinary obstruction or anuria eaist.

Acute SaLmxcTis.~Symptoms most often appear during the pre-
menstrual phase of the eycle, There may be a history of venereal ex-
posure and vaginal discharge. Movement of the cervix produces severe
abdominal pain if there is pyosalpinx. Felvic tenderness is often bi-
lateral, and there may be palpable adnexal changes. The erythrocyte
sedimentation rate is usually high, Urethral and cervical smears may
reveal Neisseria gonormrhoeae.

For a correlation of the outstanding factors in the differential diag-
nosis of upper abdominal pain, see Table 21; of lower abdominal
pain, Table 22,

TREATMENT

Severe ahdominal pain which persists for six hours or longer in
a previously well patient generally indicates the need for surgical
treatment. The common denominator of the acute surgical conditions
of the abdomen is pain. Although the key to successful management
lies in diagnosis, this does not mean that a specific etiologic diagnosis
is possible in each case. Care must be taken to avoid unnecessary,
harmful and ijll-timed operations. Indicated operations on poor-risk
or depleted patients must not be delayed, but every effort must be
made to operate when conditions are optimal for recovery. There is
a calculated risk in any operation, and it is generally increased under
emergency conditions.

PREOPERATIVE MEASURES

In the catastrophe group, resuscitation is the major preoperative
consideration. In shock, matched blood should be secured and trans-
fusion begun as soon as possible. In the meantime, plasma expanders
may be used. The stomach should be emptied by suction. Ozxygen may
be required. If hypotension persists at dangerous levels after adequate
blood replacement (usually four units or more), a vasopressor drug
may be indicated. The danger in the use of these drugs lies in de-
pending on them to correct hypotension when blood replacement
has been madequate.

In the colic group, there is more time for studies and i

; ¢ ;| f preparation.
Patients with obstfucuon require correction of ﬂuid-electml;yte im-
balances. Transfusions may be necessary. The stomach and upper
bawel should be emptied by suction. The long intestinal tube may be
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operation will be a first-stage procedure, as in large-bowel obstruction
due to cancer, when a decompressing colostomy may be established
so that an extensive resection can be done later.

Care and closure of the abdominal incision constitutes an im-
portant part of the operation. If wound healing is complicated by
hemorrhage, infection or unusual stresses, disruption and evisceration
often follow. Wound complications are most Lkely to occur after
emergency operations, when the procedure has been undertaken and
completed in haste.

SUGGESTED READINGS

Abell, I: Acute abdominal catastrophes, J.A.M.A, 109:1241, 1937.
Bates, W.: Diagnostic evaluation of acute abdominal pain, S. Clin. North America
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tioner, J.A-M A, 132,317, 1946.
Cope, Z.: The Early Dic is of the Acute Abd (New York: Cambridge Unu-
versity Press, 1948).
Duncan, C. G., and Beidleman, B.: Symposium on surgical diagnosis—acute abdomi-
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introduced, but cffective decompression of the small bowel cannot
be expected until the tube has passed the pyloric barrier. Operation
cannot be deferred if there is an established obstruction or if intestinal
strangulation is a possibility. Hence, the introduction of the long
tube should not be followed by protracted efforts to secure small-bowel
intubation at the cost of delaying the required operation,

In the inflammatory group, broad-spectrum antibiotic therapy can
be instituted preoperatively; but in most cases it is started after opera-
tion, Nasogastric suction and rest of the gastrointestinal tract (nothing
by mouth) is generally indicated. Preoperative enemas are unnecessary
and may be harmful. Fluids, electrolytes and blood should be supplied
as indicated. As a rule, narcotics should be withheld until a working
diagnosis and a plan of treatment has been established,

OrERATIVE CARE

The patient should be transported to the operating room after he
has been prepared and his condition is as nearly optimal as the circum-
stances permit. The preanesthetic medication will have been admu'l—
istered, and the anesthetic agent and technique selected. Anesthesia
is induced, the operative ficld is prepared, and sterile drapes apphed.

The location and type of abdominal incision will depend on the
diagnosis as well as on the personal preference of the operator.
Operative exposure must be sufficient to carry out the procedure
without mjury to other structures. This usually means that the opera-
tion must be performed under direct vision. It goes without sayng
that good lighting, capable assistants and proper nstruments ar¢
needed.

The operation should be performed without haste, except in rare
instances when the occasion demands haste. All the important prin-
ciples of wound management should be observed. .

The extent of the operation will vary according to the indications,
the physical status of the patient, the local conditions in the abdom'eﬂ
and the experience and judgment of the operator. Often the opem(lqn
will be simple, quickly accomplished and relatively atraumatic, as i
appendectomy, closure of perforated ulcer or dwision of an ohstructing
peritoneal adhesion. At other times, it will be more compheated, as
in gastric resection for massive bleeding from peptic ulcer, in cholecys-
tectomy for acute gangrenous cholecystitis, or in bowel resection and
anastomosis for strangulating obstruction. Occasionally the emergency
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A “complete” hemia is an inguinal hemia which descends into the
scrotum; an “incomplete” hernia is onc which descends in the inguinal
canal or through the external ring but does not enter the scrotum,

A Richter’s hemia is onc in which only a portion of the bowel
wall is caught or "nipped" in the hemial ring, producing only partial
occlusion to the bowel lumen. It may oceur in any type of hemia
Dbut is most commonly founa in the femoral hernias.

A Maydl's hernia is a strangulation of the bowel in W form: an
inwardly directed loop of bowel is strangulated between two outwardly
directed loops which occupy the sac.

A “sliding” hernia is one in which a part of the hemial sac is
formed by a retropentoneal organ, most often the cecum, descending
colon, sigmoid or bladder. The organ which “slides™ and the blood
vessels supplying it become part of the sac wall. If this situation is
unrecognized at operation, inadvertent but serious damage to the
blood supply to the viscus may occur. Sliding hernias aré most often
of the inguinal type, either indirect or direct; but anatomically similar
conditions are sometimes found in hiatal (diaphragmatic) hemia and
complete rectal prolapse.

GENERAL FACTORS REGARDING ABDOMINAL HERNIAS
GenEsis oF HerniAs

1. Hernias may result from a chronic sustained increase in intra-
abdominal pressure from any cause: (@) any space-occupying lesion
or enlargement within the abdomen (tumors, cysts, pregnancy, ascites,
ete.); (D) b itted p from coughing, straining, vomiting
(prostatism, chronic constipation or chronic pulmonary infections); or
(¢) a gravitational effect, which aids the descent of hemnial contents
into the dependently located inguinal or femoral hernial sac.

2. Hernias may result from a congenital or acquired weakness or
deficiency of the abdominal wall. (@) Direct inguinal hemnia develops
in a relatively unprotected area of the abdominal wall {Hesselbach’s
triangle). There may be a relative weakness of the transversalis
fascia or a high insertion of the conjoined tendon into the rectus
sheath.. (D) The deficiency may be a muscle atrophy, secondary, to
nerve injury. For example, injury to the ilichypogastric and ilio-
inguinal nerves during appendectomy through a McBurney incision
may.be followed by the development of a right indirect inguinal
hemia. (¢) The deficiency may be incompetence of the inguinal




CHAPTER 22

Abdominal Hern_ia

AN ABDOMINAL hemia is a congenital or acquired

protrusion of peritoncum through a defect in the abdominal wall. A
hemia consists of three parts: a defect in the abdominal wall, a sac
and the contents of the sac. Hernias are generally classified according
to their anatomic location. The more common types of hemia include:

1.
. Femoral
. Umbilical

NSOt

Inguinal, indirect and direct

Epigastric

. Incisional or postoperative ventral
. Diaphragmatic

Rarer forms: internal (retroperitoneal, intraperitoneal), obturator;
lumbar; sciatic; perineal

The relationship of the contents to the sac forms a basis for
classification, as follows:

L

IS

w

Reducible—The contents of the sac may be returned to the
peritoneal cavity.

Irreducible or Incarcerated.~The contents have become ad-
herent to the sac and cannot be returned to the abdomen.
Neither obstruction nor vascular interference has occurred.

. Strangulated.—There is interference to the circulation of the

sac contents, usually the bowel. Intestinal obstruction and
strangulation are most frequently associated.

A congenital hernia is due to a developmental defect. Although
the hernia may not be apparent for many years, the underlying fm'
bryologic fault can usually be demonstrated at operation. An acquired
hernia has no demonstrable developmental defect but results from
weakness or separation of supporting tissues. Both congenital m:ld
traumatic factors may be associated in the development of a hernia.

484
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is an abrupt elevation in intra-abdominal tension due to severe muscu-
lar cxcrtion produced by heavy lifting, a fall or compression of the
abdomen.

4. A preformed sae, derived from the unobliterated portion of
the processus vaginalis which communicates with the abdominal

Pantoneum

infestine
Fumcuiar
Process
Spermatc
Gord
Test
Tunica esis
Vaginalts

Flc; 99.—;{"&; b‘:l:\sexs I(c'r indirelct mgnim\ hernia in the male, A, normal anatomic
: o rocess and the tunica vaginali i
B, n!cvmplete sndirest inguinal hemia. G, ;mp\e\e {or suo\:\l)cail:;iixglfiim%u;
hemia. T‘lm penlox.\ea[ pouch remains open throughout its entire extent, D, ncom
pilete wdirect mnguinal hernia and bydracele of tumica vaginalis test cumannd.
cating. E, hydrocele of the ic cord ( lete obl o ‘s’f funical.
process) without hemua. of the

1

cnvity, usually underlies the development of an indirect inguinal
hernia. Normzflly, this pracess becomes obliterated and forms a ﬁgbr
corr.l except in its distal extremity, where it remains as the tu ca
vag'mahs testis (Fig. 88). If obliteration is incorplete and a co oy
can?n with _lhe abdominal cavity remains, a poktential or actual
genital hemia results. A sequestrum of the processus vaginalis xc::):
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“shutter.” The internal ring is inadequately closed or supported when
contraction of the conjoined tendon occurs. (d) The “weak spot” in
the superior part of the umbilical ring may be the site of election for
an umbilical hemia. (e) There may be maldevelopment of the em-
bryo and a deficient closure of the abdominal wall, with failure of

o

2

L Ly

remains as the tunica vaginalis testis.

the abdominal contents to retum to the abdomen, This is called
“hernia into the cord,” or omphalocele. It 1s pot a true hernia but an
eventration of the abdominal wall. (f) When there is imperfect
wound closure or defective wound healing, postoperative incisional
hernia may develop.

3. The exciting cause of a suddenly “acquired” hernia generﬂlly
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operative bemias), it is an important and a necessary precaution fo
establish the right of domain before undertaking operative repair.
This may be tested by having the patient wear a support to retain
the hernia for a period of days before operation.

COMMON ABDOMINAL HERNIAS
INGUINAL HerN1AS

The inguinal canal, an oblique opening in the abdominal wall
about 2 inches in length, contains the spermatic cord (round ligament
in the female), the ilio-inguinal nerve and filaments of the genito-
femoral nerve. The intemal inguinal ring is a funnel-shaped aperture
in the transversalis fascia, lying midway between the anterosuperior
iliac spine and the pubic spine, about % inch above the inguinal
ligament. The fibers of the transversalis fascia continue down over
the cord as the internal spermatic fascia. The aponeurosis { conjoined
tendon) of the internal oblique and the transversus abdominis muscles
cavers the intemal ring and constitutes an effective “shutter” when the
muscles of the abdommal wall are contracted. The estemal ring is a
tniangular opening in the aponeurosis of the external oblique muscles.
The normal opening will admit the tip of the examining finger.

The walls of the inguinal canal are: anterjorly, the aponeurosis of
the external oblique muscle; superiorly, the lower fibers of the internal
oblique and the transversus abdominus muscles; posteriorly, the trans-
versalis fascia; and inferiorly, the shelving border of the inguinal
ligament.

The spermatic cord contains the vas deferens, the artery of the
vas, the internal and extemal spermatic arteries, lymphatic chanpels
draining into the lumbar nodes, the vaginal ligament and vestigial
remnants of the funicular process. During its passage through the
inguinal canal the spermatic cord acquires three coverings: the internal
spermatic fascia from the transversalis fascia, the cremasteric fascia
and muscle from the intemal oblique muscle, and the external
spermatic fascia from the external oblique muscle,

The sac of an indirect inguinal hernia lies in the spermatic cord,
antenior to the vas deferens, and therefore passes through the internal
ring and obliquely down the ingumal canal, and often out the external

ring into the scrotum (Fig. 100). It lies lateral to the inferior epigastric
artery,
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also remain open and form, according to its location, a hydrocele of
the cord or of the testicle (Fig. 99). A sac called the “femoral diver-
ticulum” may similarly be the basis for a congenital femoral hemia.

ConrricaTioNs OF IERNIAS

A hernia may become incarcerated, owing to adhesions binding
the sac contents, inflammatory changes and narrowing of the neck of
the sac, a sudden enlargement of the contents of the sac or loss of
the “right of domain.” The right of domain is said to be lost in large
hernias {e.g., large inguinal or ventral hernias) when the capacity
of the abdominal cavity is inadequate to accommodate the reduced
hernial contents. Sudden reduction of large or long-standing hermias
can produce serious alterations in intra-abdominal and intrathoracic
pressure relationships, leading to cardiac and/or pulmonary insuf-
ficiency.

When bowel obstruction is due to hernia, there is always danger
of strangulation of the blood supply. It may be impossible to ascer-
tain, on clinical grounds alone, the prescnce or absence of such
vascular impairment. The dufferentiation must usually be made at
operation.

‘When strangulation exists, it tends to be a progressive process
and, unless relieved, leads to tissue necrosis, perforation and pentomitis.

PrReEOPERATIVE CONSIDERATIONS

The repair of an abdominal hernia should be done as an operation
of election unless the hemia is complicated and an emergency situa-
tion exists. Careful attention should be paid to the following matters:

1. The conditions are not optimal if the patient has a chrol:llc
cough, Not only should the question of the possible postoperative
recurrence of the hernia be considered, but also the hazard of post-
operative pulmonary complications. .

2. There may be causes for increased intra-abdominal tension
which require attention—e g, the straining incident to prostatic
obstruction in men, phimosis i little boys, chronic constipation, ete.

3. Weight reduction is indicated if the patient is obese. In such
a patient, wound healing is often complicated and the recurrence rate
high.

4, If the hemia is large and difficult to reduce (especially post-
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operative hernias), it is an important and a necessary prc.cauh’on to
establish the right of domain before undertaking operative repair.
This may be tested by having the patient wear a support to retain
the hernia for a period of days before operation.

COMMON ABDOMINAL HERNIAS
IncuivaL HERNIAS

The inguinal canal, an oblique opening in the abdominal wall
about 2 inches in length, contains the spermatic cord (round ligament
in the female}, the ilio-inguinal nerve and filaments of the genito-
femoral nerve. The internal inguinal ring is a funnel-shaped aperture
in the transversalis fascia, lying midway between the anterosuperior
ilizc spine and the pubic spine, about % inch above the inguinal
ligament. The fibers of the transversalis fascia continue down over
the cord as the internal spermatic fascia. The aponeurosis (conjoined
tendon) of the internal oblique and the transversus abdominis muscles
covers the internal ring and constitutes an effective “shutter” when the
muscles of the abdominal wall are contracted. The external ring is a
triangular opening in the aponeurosis of the external oblique muscles.
The normal opening will admt the tip of the examining finger.

‘The walls of the inguinal canal are: anteriorly, the aponeurosis of
the external oblique muscle; superiorly, the lower fibers of the internal
oblique and the transversus abdominus muscles; posteriorly, the trans-
versalis fascia; and inferimly, the she]ving border of the inguinal
ligament,

The spermatic cord contains the vas deferens, the artery of the
vas, the internal and external spermatic arteries, lymphatic channels
draining into the Iumbar nodes, the vaginal ligament and vestigial
r-emn.ants of the funicular process. During its passage through the
mgumai'canal Ehe spermatic cord acquires three coverings: the internal
spermatic fascia from the transversalis fascia, the cremasteric fascia
and muscle t:rom the internal obligue muscle, and the external
spermatic fascia from the external oblique muscle.
me’fil;i :;c ﬂ:f va:s g;:::;singu;nsj hefmia lies in the spermatic cord,
ring andl ebliacly do > and therefore passes through the internal

quely down the inguinal canal, and often out the external

ring into the scrotum (Fig, 100). It lies lateral to the inferior epigastric
artery.
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The anatomy of a direct inguinal hernia is quite different. It has
nothing to do with the spermatic cord. Direct hernias are so named
because the bulge takes the most direct route through the abdominal
wall. The bulge or weakness originates in the Hesselbach triangle, the
boundaries of which are: medially, the rectus sheath; laterally, the
wferior epigastric artery; and inferiorly, the inguinal ligament. This

N Fic. 100.—Large indirect ingumal (complete or scrotal) herma and umbilical
ernia,

area is supported by the transversalis fascia and the conjoined tendon
(internal oblique and transversus abdommus muscles). Anterior 0
Hesselbach’s area lies the external ingumnal ring. If the conjoined
tendon has a high insertion and the transversalis fascia 1s weak,
Hesselbach’s area is relatively unsupported and gives way under
stress, resultng m a direct gumal hernia, which often appears
through the overlying eaternal ring.

SyMPTOMS AND SIGNS.—There may be few, if any, symptoms asso-
ciated with congenital indirect inguinal hernia of infants and children.
When the hernia appears suddenly, following some unusual stress of
strain in later life, slight pain and discomfort are the rule. The outstand-
ing complaint is the presence of a bulge in the inguinal region. Often
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the patient will observe that the mass disappears when he lies down.
Characteristically, there is an inguinal swelling with an expansile
jmpulse, which is transmitted to the cxamining finger when the patient
coughs or strains. The mass may be casily reducible and nontender.
The examination for hernia should be made with the patient in both
the upright and the supine positions. It can be done without hurting
the patient. It is usually possible to insert the index or little finger into

S

Fic. 101.—Groin herntas: their Jocation with res i i

ternt pect to the internal openi
the external bulge. 4, indirect inguinal herma. The sac passes through tl})Ie uxl]ige:::g
; 2 2 B

- 8

e I-
Direct hemias rarely “enter the scrotum, C, femor: i : b

s . C, al hernia, The sac
the femoral ring and presents below the mguinal ligament at the foss:? :iS:lsl;hxougll

the external ring to palpate the bulge; but if this cannot be done
(eg. in a child), the hernia can usually be demonstrated by external
examination. An attempt should be made to differentiate between a
direct and an indirect hernia, In indirect hernia ( Fig. 101, 4), the
point of origin of the sac is the internal ring. When the ’hern}a is
reduced, extemal pressure applied with the index finger, pressin y
the region of the intemnal ring, will prevent the appez;rfnce ofgtgn
btﬂge. Direct hernias originate in Hesselbach’s triangle, which Li s
directly behind the eaternal ring. If the finger can be’ introduc:;
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through the external ring, it will pass directly into this posterior defect,
Pressure over the eaternal ring will contain the bulge of a direct hemia,
but pressure over the internal ring will not. Differentiation may some-
times be made in this manner.

An indirect and a direct hernia may exist concomitantly, forming
a combined, or “pantaloon,” type of inguinal hernia,

Direct inguinal hemias (Fig. 101, B) are rare in women and
children and most common in elderly men. They are often bilateral.
The sac js usually broad based and oval or dome shaped, and occa-
sionally it descends into the scrotum. Direct hemias arc generally
casily reducible, and strangulation is uncommeon.

DirFenENTIAL Diacnosis oF IncuiNaL Masses.—The following con-
ditions should be considered in the differential diagnosis:

Hydrocele.—There may be a hydrocele of the tunica vaginalis
testis or a hydrocele of unobliterated portions of the vaginal proc-
ess in the spermatic cord. The mass is not reducible, and there is
no palpable impulse on cough. Because a hydrocele contains clear
fluid, the transilumination test is positive. This test is best done ina
darkened room with a flashlight or a special light.

Indirect inguinal hemia and hydrocele are frequently associated.
In congenital hydrocele of infants and children, a hemia can be
demonstrated in most instances. .

Inguinal Adenitis.—A discrete, enlarged lymph node in the groin
may be confused with a hernia. Nodes are often tender and inflamed.
The site of an infection producing an enlarged lymph node in the
groin may be the skin of the legs or feet, the genitals or the nnof’eCta‘
area. Such a node will be irreducible and may become suppurative.

Undescended Testicle~In cryptorchism (undescended testifle),
one or both testicles may be absent from the scrotum, Ectopic testicles
in the inguinal canal or groin are palpable. Occasionally they aré
located within the abdomen. Cryptorchism is almost always associated
with an indirect inguinal hernial sac.

Femoral Hernia —~The diagnosis of femoral hernia (Fig. 101, C,
and 103) may be missed 1f the hemial sac which presents at the fos.sa
ovalis is reflected up and over the inguinal ligament. Femoral hernias
are sometimes irreducible. The location and point of origin is below
the inguinal ligament and Jateral to the pubic spine. In uncomp]icnted
femoral hernias, no defects exist in the inguinal region. i

TREATMENT OF UNcoMpLICATED Incumvar Hernia—In addition
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to surgical repair, trusses and the injection treatment may be con-

sidered.

1. Although infants are often fitted with yam trusses in the hope
of obliterating the patent processus vaginalis, it is unlikely that amy-
thing short of operative repair will effect a cure.

9, A properly fitted truss may be used for patients who are poor
surgical risks and for those who refuse operation. Some of these
patients will later have to have an emergency operation for strangula-
tion, often when conditions are most unfavorable. Elective repair is
therefore advisable in most instances,

3. The injection treatment of hernia, using various sclerosing
solutions, has been discarded because of the high recurrence and
complication rates.

4. Operative repair is the treatment of choice.

Operative Technics.~The principles of surgical repair of an inguinal
hernia comprise: (a) high ligation and removal of the hernial sac and
(b) reconstruction of the inguinal canal. )

The standard types of surgical repair of an indirect inguinal
hemia differ chiefly with regard to the disposition of the spermatic
cord. The following are the four common types of repair:

1. Bassini—~The spermatic cord is placed above the conjoined

tendon. and below the external oblique aponeurosis. The con-
joined tendon, therefore, is sutured to the inguinal ligament
beneath the cord.

. Ferguson.—The spermatic cord is placed between the conjoined
tendon and the transversalis fascia, in what is essentially its
normal position.

3. Halsted —The spermatic cord is placed in the subcutaneous

tissue above the aponeurosis of the external oblique muscle. A

new internal ring is fashioned in the aponeurosis.
Cooper's Ligament Repair—In this relatively new type of
repair, the transversalis fascia is sutured to the superior pubije
ligament (Cooper’s) rather than fo the inguinal ligament, This
method is most commonly used for the repair of recurrent
inguinal hernias, combined indirect-direct hemias and femoral
hemias. The position of the spermatic cord is not altered.

In the i{lfant with an indirect hernia, Tepair commonly consists of

simple ligation and removal of the sac. It is usually unnecessary to dis-

turb the cord or to suture the structures of the inguinal canal. Great

%]

Lo
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care must be taken to avoid injury to the inguinal nerves, the spermatic
cord and the testicles. When the sac is “complete” (into the scrotum),
it should be divided in its midportion and only the provimal portion
removed. The distal portion, which remains in situ, then serves its
normal function as the tunica vaginalis testis. Bilateral congenital
hernias are common and are often repaired at one operation.

In the adult, high removal and ligation of the sac with repair of
the defect in the inguinal canal is necessary. Before the sac is closed,
the finger should be introduced through the internal ring into the
abdominal cavity, to demonstrate positively the presence or absence
of associated groin hernias in Hesselbach’s area or the femoral canal. It
present, these must also be repaired.

Successful hernia repair requires that the tenets of Halsted be
followed to the letter. Infection, hematoma formation, escessive
amounts of retained irntant foreign material (sutures, devitalized
tissue), tension and improper repair are the common causes of
recurrence.

The same prineiples apply to the repair of a direct hernia. Because
the sac is often a wide bulge rather than a narrow-necked pouch, it
is often not excised, but rather obliterated by overlapping or imbrica-
tion. Closure of the existing defect in the transversalis fascia constitutes
the single most important step in the repair. Secure closure demands
that fibrous tissue be sutured to fbrous tissue (fascia to fascia). When
the defect is large, an autogenous graft from the external oblique
aponeurosis or the fascia lata of the thigh may be required to cllfse
the defect. Occasionally, foreign substances such as tantalum or stain-
less steel mesh may be required.

INCARCERATED HERNIA

An incarcerated hernia may be replaced by manual reduction,
termed “taxis.” Taxis is potentially dangerous. The maneuver is ct?ﬂ-
traindicated when the patient cannot be kept under close obsen’at{oﬂ
following manipulation and whenever the possibility of strangulation
exists. The strict rules which should govern the manual reduction of
hernias are: (1) apply minimal, sustained, nontraumatizing pressure
and (2) do not persist or force reduction if difficulty is encountered:
The great dangers of taxis are. (1) the possibility of returning stran-
gulated or njured hernial contents into the abdominal cavity, (2)
reduction en masse (i.e., the contents of the sac, along with the con-
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stricting ring of peritoneum, are returned into the abdomen an'd
obstruction or strangulation persists) and (3) injury to viscera in
the sac. N

The following points may be of value in the manual reduction
of an incarcerated hernia: (1) In most instances, gentle pressure over
the hemia, with the patient in the supine position, the thighs flexed
and the foot of the bed clevated, will suffice. (2) If the patient s a
cluld who is crying or restless, it is helpful to give a sedative or an-
algesic to produce muscle relaxation. (3) Cold applications (e.g., an
ice bag) may help reduce edema and facilitate reduction.

STRANGULATED HERNIA

Any hernia which suddenly becomes incarcerated and is not casily
reducible, or has been “out” for a number of hours, is best treated by
immediate operation. Frequently, manipulation simply makes the in-
carceration more severe. Continuous pain or intermittent colic suggests
that obstruction and vascular strangulation are imminent or estab-
lished. Delay under these conditions simply decreases the patient’s
chances for recovery. The safe policy, and the only logical treatment,
is operative exposure, inspection, reduction of the bowel (or resection,
if necessary ) and repair of the hernia.

Suipme HerNIA

The sliding hernia (Fig. 102) is a complication of the inguinal
hernia in which a retroperitoneal structure (descending colon, sigmoid,
bladder or cecum) enters the inguinal canal or the scrotum but lies
outside the peritoneal hernial sac rather than within it. The relation-
ship of the retroperitoneal structure to the hernial sac is similar to the
relationship between the testicle and the funicular process during the
descent of the testicle; i e., the testicle and its blood supply lie outside
the funicular process (sac) but apposed to it—actually, the testicle
forms a part of the sac wall. The testicle cannot easily be separated
from the normal sac (tunica vaginalis testis) without injuring the
testicle or its blood supply. Similarly in sliding hernia, the abdominal
organ is attached to the wall of the hernial sac. The sac itself may con-
tain small intestine or omentum, as does the sac of an uncomplicated
or simple hernia.

At operation 1t is necessary to recognize the condition in order to
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Cecum

Fic. 102.-Shding hemia of the cecum. Note that the anterior wall of the cecum
forms the posterior wall of the hernial sac. The sac contains small intestine.
avoid injury to the bowel or its blood supply. The contained viscus is
replaced in the abdomen by gradually separating 1t from below, or by
reducing it through a separate abdominal incision. Then the neck of
the hernial sac is closed, the sac removed, and the defect in wall re-
paired in the usual manner.

Fenzorar HernIA

Femoral hernias constitute about 4 per cent of all hernias. They
are more common in women than in men, and they rarely occur m
children. However, inguinal hernias are more frequent in women than
femoral hernias. While inguinal hernias are about eight times moreé
common than femoral hemias, the incidence of strangulation is about
equal.
The femoral canal, which is the most medial compartment of t}.\e
femoral sheath, is normally filled with areolar tissue. The boundaries
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of the femoral ring are: the inguinal ligament {anterior); the lacunar
ligament (medial); the femoral vein (lateral); and the superior pubic
fascia, or Cooper’s ligament {posterior).

Sy>proMs Axp Sicns.—The presence of a mass over the thigh in
the femoral area, which is reducible and transmits an impulse on
cough, is the usual picture of a femoral hemia (Fig. 103). The hemnia
appears through the femoral ring (Fig. 101, C), but occasionally the
sac is reflected over the inguinal ligament, thus making differentiation

Fic. 103.~Femoral hernia.

from inguinal hemia difficult. This problem can often be resolved by
noting that the origin of the sac is lateral to the pubic tubercle and
medial to the femoral vessels. Because of the relative rigidity of the
femoral ring, hemias through it are prone to become strangulated.
Sometimes only a slight bulge may be noted in the femoral rinbﬂ when
symptoms of intestinal obstruction are unequivocal. In all casez of in-
testinal obstruction of obscure origin, a careful search for hernia should
be made in both the femoral and inguinal regions. The small neck of
the sac may render the hemia irreducible, and under these conditions
there may be no detectable impulse on cough. The femoral ring is the
most frequent site of Richter’s hernia, in which only a portiongof th

wall of the intestine is held in the sac and the lumen of the bowel ¥
be either partially or completely blocked. ey



496 FUNDAMENTALS OF GENERAL SURGERY

Hernial Ring

Cecum

Fic. 102.—Shding hemnia of the cecum. Note that the anterior wall of the cecum
forms the posteror wall of the hernial sac. The sac contains small intestine.
avoid injury to the bowel or its blood supply. The contained viscus is
replaced in the abdomen by gradually separating it from below, or by
reducing it through a separate abdominal incision, Then the neck of
the hernial sac is closed, the sac removed, and the defect in wall re-
paired in the usual manner.

Feryorar HeErNzA

Femoral hernias constitute about 4 per cent of all hernias. Th‘fY
are more common in women than in men, and they rarely occur 1
children. However, inguinal hemias are more frequent in women than
femoral hemias. While inguinal hernias are about eight times more
commen than femoral hemias, the incidence of strangulation is about
equal.
The femoral canal, which is the most medial compartment of t.he
femoral sheath, is normally filled with areolar tissue. The boundaries
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repair of the omphalocele is carried out later, when the child has
grown and the abdominal cavity has enlarged to the point where it
can raceive the displaced organs.

The infantile type of hemia occurs carly in life and is due to im-
proper closure of the umbilical ring. In the adult, umbilical hernia
usually results from prolonged increased intra-abdominal tension. The
hernia appears through a “weak spot” in the superior part of the ring,
It may develop during pregnancy and is often associated with obesity.
The hernia may be small and symptomatic, or very large and silent.

The signs of an umbilical hemia are: (1) protrusion of a mass
at the umbilicus, usually reducible when the patient is lying down;
(2) an impulse on coughing; (3) often, if there is intestine in the sac,
a “gurgling” noise when the hemia is reduced; (4) generally easily
defined hernial ring margins; and (3) sometimes incarceration and
strangulation of the bowel or omentum, especially when the neck of
the sac is small. As a rule, hernias with large openings are less likely
to become incarcerated than those with small openings.

Umbilical hernia may be treated as follows:

1. In “hernia into the cord” (omphalocele), which is not common,
repair or jmmediate covering of the sac and viscera with skin from
the abdominal wall is necessary.

2. An infantile umbilical hernia can be retained but is rarely cured
with repeated application of wide adhesive tape strapping. The tape
should be applied so that there is an overlapping of the margins of
the umbilical ring. The skin should be prepared with compound
tincture of benzoin before the tape is applied. The strapping must be
changed at least weekly. Elastic adhesive tape is preferred to plain
tape. The mother can be taught to apply the support.

3. The surgical repair of an umbilical hernia consists in dissection
and removal of the sac, followed by repair of the defect. This is accom-
plished by overlapping the fascia, usually 1n a transverse manner,
referred to as the “vest-over-pants,” or imbrication, technic. In Chxldrer:
particularly, the umbilicus should always be preserved in order to
avoid psychic trauma, which may follow its removal.

Ericastric Hernta

I'n. epigastric hemia, there is a bulge in the midline above the
umb_xhcus. Such hemiations originate through small defects in the
fascia of the linea alba. A peritoneal sac is Present in most instances
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DirrERENTIAL Diagxosis or Featonrar Masses.—In the differential
diagnosis for femoral hernia, the following should be considered:

Inguinal Hernia—If the femoral sac passes over the inguinal liga-
ment, 1t may be confused with an inguinal hemia, It may be possible
to define the femoral aperture when the hemia is reduced.

Saphenous Varix—~This condition is usually associated with vari-
cose veins. When the patient coughs, a thrill (rather than an impulse)
is transmitted down the saphenous vein. The varix usually lies lateral
to the femoral ring. The pressure in a varix promptly falls when the
patient lies down.

Lymphadenitis~In lymphadenitis there may be several enlarged,
tender inguinal nodes. Bilateral involvement is common. No impulse
will be present on cough. A focus of infection in the foot, leg, groin
or perineal area is usually present.

Psoas Abscess—In this condition the mass in the groin is usually
fluctuant and cannot be reduced, and there is psoas spasm with evi-
dence of vertebral discase. Most often it is of tuberculous origin.

TreaTMENT oF Fenorar Henxia.—~Trusses are rarely satisfactory
in the treatment of femoral hernia because the reduction cannot be
mamtained. Operative repair is required for cure. Generally, an
inguinal incision is preferred to a femoral incision directly over th.e
hernia. The sac is ligated and removed. The inguinal ligament is
united with the pectineal, or Cooper’s ligament with interrupted
sutures. The transversalis fascia is closed, and the remainder of the
repair is similar to the operation for inguinal hernia.

UaBiLicar, HERNIA

In umbilical hernia, there may be (1) a congenital hemia into the
cord (omphalocele) or more commonly (2) a hemia through the um-
bilical ring in an infant or adult.

Omphalocele is not a true herma but an eventration of the abdom-
inal wall. The defect is present at birth. The covering of the sac 15
very thin (amnion and a fine layer of parietal peritoneum), and the
abdominal viscera are visible through it. There is immunent danger
of rupture of the sac, with evisceration and pentonitis. The organs
{liver, bowel, stomach, ete.) within the sac usually cannot be YeP]"’CEd
within the small abdominal cavity, and covering for the omphaloce.le
must be secured immediately. This is accomplished by shifting skin
flaps and allowing the herniation to remain temporanly. Definttive
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to follow such complications as wound infection or disruption. They
are almost certain to develop after wound disruption unless proper
secondary closure is accomplished. The local and general factors in-
fluencing wound healing (detailed in Chapter 2) provide the basis for
averting the development of this complication.

For the prophylaxis of incisional hernia, clean atraumatic surgical
technics, careful closure of the abdominal wound and optimum con-
ditions for healing are required. The importance of preventing post-
operative distention, vomiting and excessive coughing cannot be
overemphasized.

Small incisional hernias can sometimes be adequately controlled
with an abdominal girdle or supporter. Some hernias will enlarge
despite adequate support; these require surgical repair.

Surgical repair is accomplished by dissecting out the sac and
approximating or overlapping the fascial layers of the abdomen.
Weight reduction is indicated for the obese patient. In large hernias,
the “right of domain” must be established.

DrApHRAGMATIC HERNIA

In this, less common, type of hernia there is a protrusion of the
abdominal viscera into the thoracic cavity. The defect in the dia-
phragm may be congenital, acquired or traumatic in origin,

Congenital hernias result from a failure of closure of the pleuro-
pentoneal hiatus (Bochdalek), which is located in the left leaf of the
diaphragm. There may be no hernial sac, and serious symptoms are
usually present at birth or develop soon thereafter. Emergency treat-
ment is required. Acquired diaphragmatic hernias frequently occur
through the esophageal hintus. Many are small and asymptomatic.
Traumatic rupture or hemiations of the diaphragm are produced
indirectly by crushing injuries to the chest or abdomen which cause
sudden severe changes in pressure relationships, or directly from
lacerations (e g., stab wounds, bullet wounds).

The outstanding symptoms of diaphragmatic hernia are those
resulting from embarrassment of cardjorespiratory and gastrointestinal
functions, including reduction of ventilation and intestinal obstruction
The diagnosis is usually established by x-ray studies of the chest.
Surgical_ repair is required for congenital and traumatic hemiations.
of the diaphragm and for sclected cases of hiatus hernia,
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although sometimes only a conglomeration of properitoneal fat
resembling a lipoma is found. An impulse on cough may not be demon-
strable if the mass is irreducible.

Epigastric hernias generally cause only minimal symptoms, such
as slight tenderness or pain. Often symptoms arising from an existing
peptic uleer, gastric cancer or gallbladder disease are attributed by
the patient to a long-standing epigastric hernia. One must not be mis-

. T “S
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Fic 104.—Guant postoperative ventral herma, following wound disruption,
which has “lost the night of domain,” that is, the contents of the hermal sac could]
not be reduced without seriously i i 1 i y function. f
surgical repair followed a preliminary course of induced pneumopentoneun 10
gradually increase the capacity of the abdonunal cavity.

led by the patient who believes all his distress comes from the hemia.
To avoid this error, a detailed investigation is usually indicated before
an operation is performed. The repair consists of removing the sac of
fat tab and closing the fascial defect.

INcisioNAL AND VENTRAL HERNIA

This type of hernia follows a surgical operation or other trauma to
the abdominal wall. It often occurs through vertical abdominal inci-
sions; less frequently through muscle sphtting (e.g., McBurney), trans-
verse or oblique incisions. Postoperative hernias (Fig. 104) are likely



CHAPTER 23

Abdominal Injuries

Whatcuer the traumatic agency . . . laceration by spike

or stake, a stab wath a knife, dirk or dagger, bayonet thrust, or
the more frequent gunshot wound or bullet wound, shell or
Domb .. . the general principles of treatment ore like.

A wound in the abd probably means a
penetrating wound of the bowel or other abdominal viscus, and
emands the earhest surgical intercention, unless a

wisdom of i born of great justifics
restraint.—GORDON-TAYLOR®,

IN PEACETIME, abdominal injuries most frequently
are the result of automobile accidents, industrial and farm mishaps,
sports involving body contact, falls and penetration produced by fire-
arms, knives and ice picks. In warfare, they result from rifle or shell
fragments, impingement, or crush and blast injuries, in addition to
the forms of trauma mentioned above, and are characterized generally
by more extensive parietal and visceral damage. The mortality from
penetrating abdominal injuries is high, but a notable reduction has
occuwrred since the early days of World War 11, when it approximated
50 per cent. During the Korean conflict the mortahty was about 10
per cent. This reduction has been made possible through the avail-
ability of early supportive and defimtive surgical treatment, improve-
ments in transportation of the injured, application of the many
adjuncts to the surgical regimen (whole blood, improved anesthesia,
antibiotics) and a better understanding of the principles and practices
of operative repair and postoperative treatment.

Although civilian injuries are generally not comparable in degree
or complexity to those sustained in warfare, the principles of treatment

°Gordon-Taylor, G.: Problems of surgery in total f:
abdominal injurics, Surg , Gyn. & Obst. 74%3%,“1‘922‘ wa, vath special reference to
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relatively fixed. It should be recalled that some portions of the gut
(duodenum and ascending and descending colon) are in part intra-
peritoneal and in part extraperitoncal. Leakage from perforations of
these organs can occur into the peritoneal cavity, into the retroperi-
toneal tissues or into both areas, depending on the location of the
rupture. When rupture occurs on the etraperitoneal surfaces of these
argans, the usual signs of peritoneal irritation will not appear and the
diagnosis of perforation may be missed.

The intraperitoneal solid organs (liver and spieen) are relatively
immobile and unusually soft and friable. They are easily contused,
lacerated or ruptured. Hemorrhage may oceur immediately or subse-
quently from rupture of 2 subcapsular hematoma. When the liver is
lacerated, extravasation of bile also occurs. Rapid loss of circulating
blood volume and shock, together with signs of peritoneal irritation,
follow rupture of the solid organs. The bile ducts and pancreas are
less frequently damaged 1n nonpenetrating injuries, but both are very
serious. Rupture of the bladder produces extravasation of urine and
blood into the extraperitoneal and/or intraperitoneal spaces according
to the location of the rupture. Fractures of the pelvis, and especially
of the ramus of the pubis, can cause bladder or urethral lacerations.
Injury to the kidney usually results in extraperitoneal extravasation of
blood and urine.

Penetrating wounds of the abdomen are most often gunshot or
knife wounds, but occasionally they result from impalement and instru-
mentation (e.g., curettage of the uterus). Gunshot wounds usually pro-
duce injury to several organs and commonly traverse both the
abdomimnal and thoracic cavitfes. To some degree, the internal injury
can be gauged by determining the nature of the agent producing
the penetration and the position of the patient when shot or stabbed
by the location of wounds of entrance and exit, by the presence og
foreign bodies and of pneumoperitoneum or hemopneumothorax and
by the fractu'res observed on the x-ray studies. Bullet wounds tend to
follow a straight-line course through the body except when deflected
by bone. The damage produced to the soft viscera is generally much
greater than might be expected from the appearance of the external
wounds. In knife wounds, the manner and force with which the knife
is thrust, the length of the blade and the Iocation of the wound of
entrance will suggest the probable organ (or organs) damaged; but

this can only be an educated guess. Introducing aoprobe into § st;b or
bullet wound to determine whether penetration has occurred is
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are the same. It is safe to say that, even under the more nearly ideal
conditions of peacetime practice, the management of patients with
serious intra-abdominal injuries can be difficult. The chief difficulties
encountered relate to recognition of the condition, shock, hemorrhage
and infection. In ncarly all abdominal injuries there is contusion of
or penetration of the abdominal wall. The injury produces superficial
or deep disruption of tissucs, hemorrhage, etravasation of gastroin-
testinal fluids, vascular damage, infection, etc. In most abdominal
injuries, the presence of visceral damage can be inferred from the
history of the injury, the physical findings and the patient’s clinical
course, aided to some extent by blood, urine and x-ray findings. The
problem, therefore, is quite different from that posed by injury to the
extremities or the parietal structures; rather, it is simiar to that en-
countered after head or thoracic injury.

Frequently the problem is confused by the presence of injuries
to other body cavities and/or the extremities. Often, too, there has
been injury to several organs. While the need for an emergency abdqm-
inal exploration should not be an issue following penetrating injurfes,
the same is not true following nonpenetrating (or closed) l'njlll_"es-
The nonpenetrating injuries usually bring up the critical quesh.on:
“Should this patient be explored?” While it is true that abdom.mﬂl
exploration should never be regarded as a harmless procedure, it 15
also true that, when indicated, operation constitutes a diagnostic and
resuscitative measure for which there is no substitute,

Nonpenctrating injuries of the abdomen are due to direct or
indirect violence, usually in the form of crushing, tearing or compress-
ing trauma. Both the solid and hollow organs of the abdominal cavity
may be damaged. Other factors being equal, the degree of viscerfil
injury will depend on the mobility or fixation of specific organs \Ylthm
the abdomen, their fn’ability and vascularity, their compressnbihty or
distensibility, their soundness (e.g., a stomach which is ulcerated or
a spleen which is enlarged is more likely to be ruptured than the
normal organ), the protection afforded by the covering structures and
the relative vulnerability of the blood supply to damage. To some
eatent, also, the duration with which the force acts determines the
severity of the visceral injury Sudden, severe compressing forces are
more likely to produce eatensive mternal injury than longer-acting
stresses of similar magnitude. The hollow organs are most llkely.to be
ruptured when distended. Tears of the duodenum, tleocecal region or
mesentery can occur from closed injuries because these structures are
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his opinion as the patient’s elinical course requires, and he will request
consultation as aften as necessary. He will also withhold morphine or
other drugs which may confuse the clinical picture until a decision
relative to deBnitive care can be made. Furthermore, he will appre-
ciate that the carly signs after injury are the result of damage to cover-
ing structures, such as skin, muscles and parictal peritoncum, while
those which appear later result from extravasation of blood or other
body fluids, bowel content, etc., which incite peritoneal irritation and
peritonitis. During the period of delusive calm which often precedes
the development of peritonitis, the opportunity for surgical repair is
greatest. The risks to the patient are often least when the surgeon is
guided by the philosophy that “it is sometimes better to Jook and
see rather than to wait and see.”

HisTory

When a patient has received a penetrating injury to the abdomen,
all pertinent information relating to the circumstances surrounding
the injury and the nature of the object causing the injury should be
noted. In gunshot wounds, the position of the person injured and the
position of the assailant should, if possible, be determined. In stab
wounds, knowledge of the length of the blade or instrument, the force
with which it was introduced, the direction in which it was thrust, etc,,
may be helpful. The immediate and subsequent course of the patient
and any frst-aid treatment which has been given should also be re-
corded. Following closed injuries of the abdomen, the details of the
traumatic episode should also be documented, including those items
which relate to the medicolegal aspects of the case.

PuysicaL EXaMiNaATION

After securing the history and provided the patient’s condition
permits, a rapid physical examination should be made. Obviously, if
the patient’s general condition is cntical, immediate resuscitatjl'va
measures are in order and detailed inquiry must be postponed. The
physician should carefully observe the following procedure: When
there are perforating injuries, observe the wounds of entrance and
exit, since the location of these wounds may indicate the extent of
injury. Observe the wounds for extravasation of blood or other fuids,
Palpate the abdomen for localized pain, tenderness and muscle spasm‘
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generally a fruitless, and possibly a damaging, procedure. It really tells
nothing. All patients with penetrating wounds of the abdomen should
be explored. In the case of knife wounds, a limited exploration may
be m order.

Blast injuries usually result from the detonation of explosives
cither in air or in water, They are characterized by diffuse and exten-
sive visceral damage with or without gross damage to the surface
tissues. The contents of all body cavities may be disturbed by the
sudden and violent compression and decompression waves which
follow a blast. The eatent of the injury produced is related to the mag-
nitude of the esplosive force, the distance the individual is from the
explosion and his position at the time, the protection afforded by the
environment, and the compressibility of the medium in which the
explosion occurs. Eaplosions under water tend to inflict greater damage
to the body than those in air. In most instances, after severe bla‘st
injury there will be diffuse combined injuries to the cranial, thoracic
and abdominal organs without localization.

CLINICAL CONSIDERATIONS

There are certain general principles in the management of Ea'u'eﬂfs
with abdominal injuries which must be emphasized. “The condition of
the patient as a whole must be assessed without overemphasis on local
or obvious mjuries. The physician should not allow his attention to be
dverted by the presence of a facial laceration, extremity fracture, head
injury, chest injury, etc, while less obvious serious injuries to‘ﬂle
abdomen are overlooked. Unless the abdominal injuries are recognize
and treated early, the patient may be lost from shock, hemorrhagg and
infection. It is, thercfore, necessary to suspect the possibihty of.mtra-
abdominal injury and to remain alert to the development of significant
signs and symptoms after any acute trauma,

A period of observation may be indicated before the issue can be
settled. It is essential that the same observer take the responsnbllit'y'fof
checking and evaluating the patient’s clinical course during thx"s critical
period. The physician must repeatedly look for changes in signs :m(é
symptoms which indicate progression, regression or continuance O
local and systemic disturbances, He must institute necessary diagnostic
and therapeutic measures, realizing, all the while, that the natural
response and the response to treatment may re-establish the steady
state and further cloud the issue. He must reserve the right to change
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be little change in the red cell count, the hemoglobin value and the
hematocrit. A rapid rise in the total Jeukoeyte count and the percent-
age of polvmorphonuclear cells follows most traumatic injuries. Serial
determinations of the blood values at three or four hour intervals
are helpful during observation and can often be correlated with the
patient’s clinical course.

TREATMENT

Treatment of shock is of first importance. Plasma expanders
should be given until whole blood is ready. It should be made sure
that sufficient blood is available to support the patient throughout the
critical phases of treatment. Four or more units of blood (2,000 ml.)
are often required for the patient in severe shock before operation can
be undertaken. If the patient fails to respond to rapid transfusions of
blood, the physician should suspect continued blood loss and consider
the need for emergency operative intervention. Oxygen administration
by a nasal catheter and sedation may also be indicated. Morphine must
be used cautiously, if at all. The patient should receive antibiotic drugs
and antitetanus serum or toxoid in amounts previously detailed.

If the patient has a penetrating injury of the abdomen and the
response to resuscitative measures is unsatisfactory, operation should
be undertaken immediately. If the patient responds to these measures,
operation should be undertaken as soon as the general condition has
stabilized. If the patient has a nonpenetrating injury of the abdomen
and there is reasonable evidence to indicate visceral damage, opera-
tion should be undertaken as soon as the patient’s condition permits,
If, on the other hand, the indications for exploration are not clear, a
short period of observation, usually not fo exceed six hours, may be
advisable. At the end of this time, a definite decision regarding opera-
tion should be made. The relationship between the length of time
from abdominal injury to operation and the postoperative morbidity
and mortality is a linear one.

The signs which suggest the presence of visceral injury and the
need for exploration are:

. Loc_alized z'lbdf)minal pain, tendemess, and muscular rigidity
which persist, increase or become diffuse

2. Absence of peristalsis, as indi

3. Evidence ofp shock cated by absence of bowel sounds

4. Persistent vomiting

5. Blood in the vomitus, stool or urine

—
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Note fulness, masses and distention, which can result from extravasa-
tion. Observe the patient carefully for signs of blood loss, such as hypo-
tension, tachycardia, pallor or the signs of established shock. Auscul-
tate the abdomen for signs of bowel activity, and in the absence of
bowel sounds suspect intraperitoneal injury. Note the degree to which
respiratory movements of the abdomen are impaired, and always
consider the possibility of combined abdominothoracic injury. All of
these changes should be recorded, checked and rechecked frequently
during a period of observation, if necessary.

If the patient has vomited blood or has passed blood in the urine
or feces, the suspicion of serious intra-abdominal damage is height-
ened. In any case, pass a nasogastric tube and empty the stomach to
determine if blood is present. The urine must also be examined for
blood; and if the patient is unable to void, he must be cathetenzed.
With rupture of the urethra, the catheter usually will not enter the
bladder. With rupture of the bladder, no urine, or only a small amount
of bloody urine, will be obtained. If bladder rupture is suspected, a
measured amount of sterile isotonic saline solution {about 250 ml.) i
introduced, if it cannot be recovered, rupture of the bladder is likely.
Cystograms are then in order, Blood in the stool or demonstrated on
rectal or sigmoidoscopic examnation suggests an injury to the bowel.

X-rAY EXAMINATION

The x-ray examination of the patient who has suffered abdominal
injury usually consists of a flat and upright abdominal ilm and a ?heSt
flm. Free air in the peritoneal cavity is almost pathognomonic of
rupture of a hollow organ. Localized areas of increased density (ex-
travasation), displacement of hollow organs, foreign bodies (e.g-»
bullets or shell fragments), obliteration of the psoas shadow or hemfﬂ'
tion of the diaphragm are all significant findings. Special x-ray studies
include intravenous pyelography and cystography. In general, x13y
studies with barium should not be made. The physician should be
cautious about putting too much faith in a single set of negative x-1ays:
The x-ray examination is only one aspect of the clinical evaluation,
and, as with other observations, time brings changes.

LABORATORY STUDIES

Laboratory studies, with the exception of those of the blood and
urine, are usually of little help. Until hemodilution occurs, there may
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be little change in the red cell count, the hemoglobin value and the
hematocrit. A rapid rise in the total leukocyte count and the percent-
age of polymorphonuclear cells follows most traumatic injuries. Serial
determinations of the blood values at three or four hour intervals
are helpful during observation and can often be corrclated with the
patient’s clinical counse.

TREATMENT

Treatment of shock is of first importance. Plasma cxpanders
should be given until whole blood is ready. It should be made sure
that sufficient blood is available to support the patient throughout the
critical phases of treatment. Four or more units of blood (2,000 mi.)
are often required for the patient in severe shock belfore operation can
be undertaken, If the patient fails to respond to rapid transfusions of
blood, the physician should suspect continued blood loss and consider
the need for emergency operative intervention. Oxygen administration
by a nasal catheter and sedation may also be indicated. Morphine must
be used cautiously, if at all. The patient should receive antibiotic drugs
and antitetanus serum or toxoid in amounts previously detailed.

If the patient has a penetrating injury of the abdomen and the
Tesponse to resuscitative measures is unsatisfactory, operation should
be undertaken immediately. If the patient responds to these measures,
operation should be undertaken as soon as the general condition has
stabilized. If the patient has a nonpenetrating injury of the abdomen
and there is reasonable evidence to indicate visceral damage, opera-
tion should be undertaken as soon as the patient’s condition permits,
I, on the other hand, the indications for exploration are not clear, a
short period of observation, usually not fo exceed six hours, may be
advisable At the end of this time, a definite decision regarding opera-
tion should be made. The relationship between the Iength of time
from abdominal injury to operation and the Postoperative morbidity

and mortality 1s a linear one.

The signs which suggest the presence of visceral injury and the
need for exploration are:

. Localized abdominal pain, tendemess,
which persist, increase or become diffuse

2. Absence of peristalsis, as indicated by absence of
3. Evidence of shock 4 ¢ of bowel sounds
4.

. Persistent vomiting
5. Blood in the vomitus, stool or urine

—~

and muscular rigidity
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6. Frec air in the peritoneal cavity

7. Progressively increasing leukocytosis

8. Continued hemorrhage, as indicated by the blood findings
and poor response to transfusions

OreraTive CARE

If operation is required, it should be done as soon after injury as
the patient’s condition permits, All penetratng wounds should be
débrided, arigated and closed or left open, according to the local
wound findings. A separate abdominal incision should be made for
exploration. The location and type of the incision will depend on the
nature of the injury and the preference of the operator. It is essential
that a complete exploration of the abdomen be carried out when
even a remote possibility of multivisceral damage enists. The eplora-
tion must be systematic and all-inclusive, and can properly be done
only under direct vision. Damage to retroperitoneal organs is fre-
quently overlooked. In order to avoid the errors of omission after
gunshot wounds, for example, inspection should be made of all por-
tions of the gastrointestinal tract, the liver, galibladder and bile
ducts, the pancreas and spleen, the kidneys, ureters and bladder,
and the mesentery and omentum. Usually the perforations that are
missed at operation will be discovered at autopsy.

The simplest methods, which insure closure of perforations while
maintaining continuity of the gut, should be used. Wounds of. the
unprepared colon are treated by exteriorization, closure and proximal
colostomy, or by primary closure, according to the circums‘tances.
Areas of bowel which have been devitalized as a result of injury to
the mesentery must be removed. Perforations of the bladder must be
closed and bladder drainage established. Extensive lacerations o.f the
liver must be debrided, bleeding must be controlled and drainage
established to provide for the escape of bile. Lacerations of the spleen
require splenectomy. Wounds of the gallbladder or bile ducts require
closure and drainage. Lacerations of the kidney require débridement,
control of bleeding and drainage. Immediate nephrectomy 1s _mfe]}’
necessary All free and clotted blood, detached portions of viscera,
and gastrointestinal fluid collections should be removed from the
peritoneal cavity. Foreign bodies should be removed insofar as pos-
sible. Intrapentoneal drainage is rarely necessary. Antibiotics are
generally not introduced into the peritoneal cavity.
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Postorenative Cang

The mauy items advocated for the care of patients after clective
abdominal operations arc applicable to those who have sustained
abdominal injury. Fluid, electrolyte and blood-volume levels must
be maintained. Nutritional intake is usually deficient during the early
recovery period; but with resumption of oral feeding, nutritional
balance is soon restored. The antibiotic agents singly er in combination
have materially reduced the mortality of this period. Penicillin and
streptomycin have proved highly effective. The broad-spectrum anti-
biotics also have a definite place in therapy. Of primary importance
in the recovery period is the institution of physiologic rest of the
gastrointestinal tract. Nasogastric suction (in some instances using
the long intestinal tube) is mandatory in the carly postoperative pe-
riod. The intake by mouth should be restricted until bowel activity
and bowel continuity are assured. Early ambulation is applicable pro-
vided that it is prescribed with discretion, Analgesic drugs and seda-
tives in small amounts, as required, are needed but should be with-
drawn as soon as pain and restlessness are minimal.

Postoperative complications may develop and are related to the
nature and extent of the injury. Atelectasis and pneumonia, intra-
abdominal abscesses, intestinal obstruction, venous thrombosis and
pulmonary embolism can be anticipated in some cases. The physician
must be on the alert for their development and use all measures neces-
sary to avert or treat these conditions.
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6. Free air in the peritoneal cavity

7. Progressively increasing leukocytosis

8. Continued hemorrhage, as indicated by the blood findings
and poor response to transfusions

OreRATIVE CARE

If operation is required, it should be done as soon after injury as
the patient’s condition permits. All penetrating wounds should be
débrided, irrigated and closed or left open, according to the Jocal
wound findings. A separate abdominal incision should be made for
exploration. The location and type of the incision will depend on t!le
nature of the injury and the preference of the operator. It is essential
that a complete esploration of the abdomen be carried out when
even a remote possibility of multivisceral damage exists. The explora-
tion must be systematic and all-inclusive, and can properly bc. done
only under direct vision. Damage to retroperitoneal organs is fre-
quently overlooked. In order to avoid the errors of omission after
gunshot wounds, for example, inspection should be made of all por-
tions of the gastrointestinal tract, the liver, gallbladder and bule
ducts, the pancreas and spleen, the kidneys, ureters and bladder,
and the mesentery and omentum. Usually the perforations that are
missed at operation will be discovered at autopsy. )

The simplest methods, which insure closure of perforations while
maintaining continuity of the gut, should be used. Wounds of.thfi
unprepared colon are treated by exteriorization, closure and proxima
colostomy, or by primary closure, according to the circumstances.
Areas of bowel which have been devitalized as a result of injury to
the mesentery must be removed. Perforations of the bladder must be
closed and bladder dramage established. Extensive lacerations qf the
liver must be debrided, bleeding must be controlled and drainage
established to provide for the escape of bile. Lacerations of the Sple.e“
require splenectomy. Wounds of the gallbladder or bile ducts requir®
closure and drainage. Lacerations of the kidney require débridement,
control of bleeding and drainage Immediate nephrectomy is .l’ﬂreb'
necessary. All free and clotted blood, detached portions of viscerd,
and gastrointestmal fluid collections should be removed from the
peritoneal cavity. Foreign bodies should be removed insofar as pos-
sible. Intraperttoneal dramnage is rarely necessary. Antibiotics ar¢
generally not introduced into the peritoneal cavity.
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struggle and cry, thus making cvaluation of the abdominal findings
diffcult or misleading. Another factar which contributes to errors ot
interpretation relates to the fact that the pain reaction in the infant
is poorly developed; also, that in the presence of severe intra-ab-
dominal discase, pain may not be apparent. The total white cell and
differential wlite cell counts are helpful, but not always reliable, indi-
catjons of infection in very young patients.

Acute ApPENDICITIS

As in adults, acute appendicitis is the most common acute surgical
condition of the abdomen in the young. The progression of local
pathologic changes may be very rapid and the systemic response
severe.

The clinical features of appendicitis in the young are the same
as in the adult, conditioned somewhat by the unique problems of
infancy and childhood. A reliable chronologic history is often un-
attainable. An illness which begins with a chill, nausea or vomiting,
rather than with abdominal pain, suggests a diagnosis other than
acute appendicitis. The onset of acute appendicitis may be preceded
by an acute upper respiratory infection or other febrile disease; but
more often, the child has been well. Abdominal pain, nausea and vom-
iting and slight constipation are usual.

Localized tenderness over the right lower quadrant of the abdo-
men js the most important single sign of appendicitis in the infant,
child and adult, There is muscle spasm, rebound tenderness, sometimes
a palpable mass and less often rectal tenderness and psoas spasm.

When the appendix is suspect and nonsurgical conditions have
been excluded from the diagnosis, operation is indicated without
delay. The common diseases of the young to be differentiated from
acute appendicitis include: acute gastroententis; acute mesenteric
adenitis; acute pyelonephritis, acute infectious exanthemas, especially
measles, upper respiratory tract infections; right lower lobe pneu-
monia, and diabetic acidosis.

Appendectomy should be performed, if possible, as soon as the
diagnosis has been made and fluid and electrolyte balance has been
restored. Dramage. of an established appendical abscess and interval
appendectomy (six weeks to two months after the acute illness) is
sometimes advisable in advanced cases.

Primary conservative or
nonoperative treatment is rarely indicated. The muscle-splitting



CHAPTER 24

Abdominal Conditions of
Infants and Children

The chuld Is never too sick to be despaired of, nor too well
to be sure of —~HuGHES.

ONE MUST bear in mind that the infant or child
cannot be treated as a small man or woman. The progression of
disease processes and the systemic responses are always exaggerated
in the very young. The rate at which pathologic changes occur may
be accelerated by misguided parental interference. It was in regifrd
to this that Moynihan referred to the “therapeutic pentonitis” which
often complicates appendicitis after a cathartic has been given. T.he
delicately balanced homeostatic mechanisms of the infant are eaS_IIY
upset. Severe degrees of dehydration, electrolyte depletion and acid-
base imbalance rapidly develop with failure of intake and/or unusual
fluid loss. A favorable factor influencing recovery is the remarkable
recuperative power of the infant and child when given proper
treatment.

Early and correct diagnosis may be very difficult. The infant or
young child is unable to describe symptoms or to give a relable
history, and the parent frequently can offer no more than a 'fmg-
mentary story of the illness. Thus, physical diagnosis in pediatric
cases is of the first importance. When signs and symptoms suggest
an acute intra-abdominal surgical condition, 1t is particularly important
to examine carefully and to rule out disturbances involving other
areas, such as those of the skin, throat and ears, chest and urinary
tract, which sometimes simulate abdominal disease. It should be
remembered that often fear and uncertainty will cause the child to

512
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cated by profound systemic disturbances and local gangrene of the
bowel, treatment is difficult.

The story which the mother gives regarding the infant is usually
quite typical. He awakens with a cry and soon has recurrent episodes
of severe abdominal pain which cause him to double up and to
scream for five or ten seconds or more. He may sleep and appear to
be normat between attacks. Early in the course of the disease there is
vomuting, which soon becomes persistent. A small “currant jelly” stool,
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distention develops, and signs of shock appear as the condition
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A sausage-shaped mass is often palpable in the upper right quad-
rant and is almost pathognomonic for intussusception.P 'II)’he rigght (llower
quadz.:mt may also feel “empty.” If the intussusception has passed into
the distal part of the colon, a mass which resembles the cervix of the
uterus may be palpable m the rectum.
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McBurney incision is used almost routinely. Systemic antibiotic therapy
is essential if there has been peritoneal soiling.

ACUTE MESENTERIC ADENITIS

Mesenteric lymphadenitis may be indistinguishable from acute
appendicitis until the time of operation. There is mild to moderate,
diffuse or localized, right lower quadrant pain, often with little or no
nausea or vomiting. Abdominal tendemess is usual, but muscle spasm
is often absent. There may be a leukocytosis with a relative increase
in the mononuclear cells. Fever and leukocytosis may be out of pro-
portion to the abdominal findings.

Operation clarifies the diagnosis, and appendectomy sometimes
appears to accelerate recovery. The cause of acute mesenteric Iympha-
denitis has not been established. The operative findings are: (1) no
definite pathologic changes in the appendix; (2) large, soft lymph
nodes in the ileocecal mesentery, which show no growth on culture;
and (3) usually a small amount of free peritoneal fluid which is sterile
on culture.

ACUTE INTUSSUSCEPTION

Intussusception of infancy and childhood occurs predominantly
n the first two years of life and in boy babies. The cause is obscure.
An associated mesenteric adenitis is frequently encountered at opera-
tion. It is probable that some disturbance in intestinal motility initiates
intussusception.

The intussusception usually begins at the ileocecal sphincter (Fig.
105): the ileum mverts into the cecum and progresses into the colon—
graphically described as “the big bowel eats the small bowel.” The
abnormal bolus (intussusceptum) may traverse the entire length of
the large bowel (intussuscipiens) and be pa]pable in the rectum, o
may even protrude from the anus. A Meckel's diverticulum is occa-
sionally responsible for initiating intussusception. In adults a pedun-
culated polyp or a earcinoma, usually located in the sigmoid co!on or
small intestine, 15 almost invariably the underlying initiating lesion.

The clnical picture is that of acute small-bowel obstruction. The
duration of obstruction before treatment is the most important factor
influencing prognosis. In intussusception of short duration, the treat-
ment is relatively simple; but when it is of long standing and compl-
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cated by profound systemic disturbances and local gangrene of the
bowel, treatment is difficult.

The story which the mother gives regarding the infant is usually
quite typical. He awakens with a cry and soon has recurrent episodes
of severe abdominal pain which cause him to double up and to
scream for five or ten scconds or more. He may sleep and appear to
be normal between attacks. Early in the course of the disease there is
vomiting, which soon becomes persistent. A small “currant jelly” stool,
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The treatment of acute intussusception is as follows:

In the early case and under careful fluoroscopic control, reduction
of the intussusception can often be accomplished by means of a barium
enema. The hydrostatic pressure should be carcfully controlled and
should not exceed that obtained by elevating the enema can mere
than 3 feet above the patient. Particular attention should be given to
complete reduction of the intussusception as demonstrated by barium
“flooding” into the small bowel and disappearance of the palpable
abdominal mass.

If reduction by hydrostatic means is considered hazardous because
the possibility of strangulation of bowel exists, or if the reduction is
incomplete or inconclusive, operative treatment is in order.

After preoperative preparation, including a venous cut-down, fluid-
clectrolyte and blood-volume replacement, the operation is under-
taken. The intussusception is reduced by uniform pressure on the distal
part of the mass, rather than by traction on the small bowel. Thus the
small bowel is expressed from the colon by compression. The chances
of recurrence of intussusception are slight, and it is usually unnecessary
to anchor the small bowel by suture, The appendix is not removed
routinely, but it may be removed if this does not appear to add to the
surgical risk. If the bowel has been irreparably damaged by strangule-
tion of its circulation, it must be resected.

CongeniTAL HyreERTROPHIC PYLORIC STENOSIS

This condition is most often seen in male infants from three to .ten
weeks of age. The onset of symptoms commonly oceurs about the sixth
week. There is pylorospasm with hypertrophy of the musculature of
the pyloric sphincter The cause is unknown. .

The cardmnal symptoms and signs of hypertrophic pyloric stenosis
are: projectile vomiting, left to nght visible peristalsis, a pﬂlpﬂbl_"
abdominal tumor (olive shaped), failure to gain weight and obsti-
pation, X

Conditions which must be differentiated from plyoric stenosis are:
duodenal atresia or stenosis, congenital atresia or midgut volvulus,
Meckel’s diverticulitis wath obstruction, and functional pylorospasm. It
is necessary to distinguish between pyloric obstruction and iniestinal
obstruction. The vomitus contains bil 2f the obstruction Jies beyond
the papilla of Vater, while bile is unusual in obstruction at the pyk}m?-
Radiographic study of the upper gastrointestinal tract may be indi-
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cated but is not always necessary. It is somctimes difficult to differ-
entjate between pyloric stenosis and pylorospasm.

In treating congenital pyloric stenosis, the fluid and electrolyte
balance should first be restored, Small whole-blood transfusions may
be indicated. Fredet-Rammstedt pyloromyotomy should then be per-
formed. In this operation, an incision is made longitudinally through
the serosa of the pyloric tumor, and the hypertrophied muscle fibers
are separated down to the submucosa with a small hemostat until the
mucosa and submucosa bulge outward through the opening in the
muscle, Thus an open pyloric canal js established. It is important to
break all of the muscle fibers but to avoid opening the duodenum.
The defect in the muscular “olive” heals by fibrosis, and later the
hypertrophied muscle atrophies. The results are excellent.

MECKEL'S DIVERTICULITIS

A Meckel’s diverticulum is a remnant of the embryonic vitelline
duct. It is an uncommon anomaly, present in only about one in a hun-
dred individuals. It may be the site of inflammation, obstruction or
ulceration. Ulceration is usually the result of erosion caused by acid
peptic secretion elaborated by ectopic gastric glands located in the
mucosa of the diverticulum. .

The symptoms of acute Meckel’s diverticulitis sometimes resemble
those of acute appendicitis. Patients subjected to appendectomy should
always be examined for a persistent Meckel’s diverticulum unless the
appendix has ruptured or the condition of the patient precludes further
exploration, If present, the diverticulum will be found in the ileum
within 24 inches of the ileocecal sphincter.

Recurrent severe hemorrhage from the intestinal tract in infants or
clildren may result from Meckel’s diverticulitis. Roentgenologic
studies are generally of little help in establishing the diagnosis. If
bleeding is severe or continued, exploration should be undertaken after
whole-blood mransfusions have been given. For correction of the con-
dition, the diverticulum should be excised and the opening closed in
such a manner that the lumen of the bowel is not narrowed.

DUODENAL ATRESIA AND STENOSIS

Segments of the intestine may fail to develop 2 lumen. If the
duodenum is atretic, signs of a high intestinal obstruction appear as
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soon as feedings are begun. According to the level of the obstruction,
the vomitus will or will not contain bile. There will be jaundice if the
ampulla of Vater is involved. X-ray studies are an md in diagnosis.
Early operative treatment is essential.

CONGENITAL ATRESIA OF THE BiLE Ducrs

Incomplete canalization of the extrahepatic bile ducts will result
in persistent and progressively increasing jaundice with acholic stools.
If there is atresia of the common bile duct, the gallbladder will be
distended and a cholecystogastrostomy or cholecystoenterostomy is
required for diversion of bile to the intestine. Surgical rehef of the
obstruction is very difficult, or impossible, if there is atresia of the
common hepatic duct or the intrahepatic ducts.

InPERFORATE ANUS

Imperforate anus is due to a failure of the proctodeum (anal
membrane) to undergo spontancous rupture or to failure of devel&.)P-
ment of the hindgut. As a consequence, there is no communication
between the rectum and the anal canal. There may be a thin anal
membrane or a total absence of a canal between the perneum and the
rectum. Anorectal anomalies are easily recognized at birth (Fig. 106).
Imperforate anus is often encountered in association with other con-
genital anomalies—e.g, rectovaginal fistula (female), rectovesxcabl
fistula (male), cardiac malformations, ete. If the rectal closure I
complete, there is rapidly developing intestinal obstruction.

Early surgical mtervention 1s required when a complete block
exists (Fig, 107). The distance between the anal dimple and the lower
rectum can be determined by x-ray studies with the infant in the
upside-down position, An opaque marker is applied with slight pres-
sure to the anal dimple. Gas in the rectum will rise to the highest
point, and the distance between the external sk marker and the
gas bubble in the rectum will mdicate the approximate extent of the
atretic area.

If the membrane is very thin, it can be opened under light anes-
thesia. First, a needle is passed through the membrane and g“’ded
posteriorly (not anteriorly) toward the coccyx and sacrum. When gas
has been aspirated from the bowel, the opening can be enlarged, but
great care must be taken to prevent injury to the anal sphincter mech-
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anism whis. T

When ..o . J . : o
ing fistulas, the problem is more serious and special surgical treatment
is required. An abdominoperineal operation for the establishment of

Frc. 106.~Anorectal anomalies of the newbom. 4, s i

. w 8 tenosis of the anal «

B. |mpf:rfom’lc anus with persistence of the anal mem‘bmnc. C, impelfori(e :‘:\‘Lls
;;nrg: 1:xi;‘;lk;;-lymghx'e(:tal m‘uc‘h; anal depression present. D, imperforate anus with
high- pouch; no anal E, i {i anus with rectavesical

in the male. F, imperforate anus with rectovaginal fistula in the female. fistula

anorectal c9ntinuity may be indicated. This may be done as the mitial
procedure in some instances, In others, colostomy may be necessary

and the definitive operation def ; o
erred until ¢
favorable. onditions are more

ConcENnrTaL MEGACOLON

u ‘Cunfgc.mtal megacolfm (Hirschsprung’s disease) is chiefly a con
ition o 1§\fa|?ts and. children. It is characterized by severe and obsti-
nate constipation which often results in profound systemic disturbances
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due to chronic intestinal obstruction, There is moderate to cnormous
dilatation and hypertrophy of the colon above a spastic or contracted
area which is usually located in the rectum or rectosigmoid region,
The narrowed or spastic segment is deficient or devoid of autonomic

| e

Fic 107.—Imperforate anus in a newborn male infant, A superficial anoscrotal
fistula 15 indicated by the hemostat, Note also the median band of shin across the
anus. After it was determuned by x-ray studies that the rectal pouch and the an
dimple were scparated only by a thin membrane, the membrane and the fistula were
exaised and the rectal pouch was sutured to the external shin. Recovery was un-
complicated

ganglion cells in Auerbach’s plexus, and this lack is believed to b'e
responsible for disturbances in motility. Normal propulsive actwvity is
absent, and a functional obstruction exists. The changes in the colon
above the area of functional obstruction (hypertrophy and dilamﬁfm)
result from an increased work load imposed by the chronic obstruction.
The response is similar to that seen with obstruction of any ho!low
muscular structure. There appears to be no disease of the prOlefml
bowel, which returns to normal size and thickness once the obstruction
is relieved.

Most children with megacolon will respond to medical treatment
Intractable constipation, chronic distention and malnutntion indicate
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the nced for surgical treatment (Fig. 108). In the past, numcr'ous
operations, including sympathectomy, colectomy, co_lostomy, ete,, were
atitized with little success, Today an operation directed at semoval
of the aganglionic (spastic) area and a portion of the proximal hyper-

Fic. 108.~C ital ) Hirsck

ung’s disease } in a 5 year old cluld.
There was obstipation, abdominal distention and failure to gain, as well as recurrent
bouts of acute intestinal obstruction due to fecal impaction. A narrowed spastic arca
m the sigmoid colon was the site of functional obstruction. The lower colon and
rectums were resected, and the bowel was reunited just above the anal sphinter
area. The sigmoid colon was found on histologic examination to be deficient 1n

ganglion cells in the myenteric plexus. The long-term result from the operation was
satisfactory.

trophied dilated bowel and low anastomosis of the colon to the anus

is widely used {Swenson’s operation). The follow-up results have been
quite satisfactory.

MALROTATION OF THE MipguT wiTH Mmcur VoLvuLus

The process by which the midgut segments are formed and fixed
in their normal position is very complex and difficult to visualize, It
occurs by a progression of three-dimensional changes during the &fth
to twelfth weeks of embryonic life. With but minor exceptions, the
anatomic relationships are established during this period. When com-
plete the duodenum then lies below the superior mesenteric artery; the
intestinovitelline duct is disappearing; the cecum, appendix an(i as-



Fic. 109.—Normal rotation of the midgut. This phase of development can be
llustrated ‘b¥ a simple model, as suggested by Snyder and Chaffin. The mode_l 1

Jegunum and the proximal aleum are formed, The rod corresponds to the superior
mesenterte artery, which is the axis of rotation. The lower, unshaded, portion of the
loop corresponds to the segment of the midgut from which the terminal ileum, the
¢ecum and appendix, and the right colon are formed. The knob opposite the r

Is to the i inovitelline duct. B, the loop has been rotated counter-
clockwise through an arc of 270 degrees. The top portion of the loop has now be-
come the bottom onc, and the bottom one the top, Note that the shaded segment
passes bencath the rod and the unshaded segment passes over the rod. C, the divi-
sions of the alimentary canal have been shetched in relation to the rope The duo-
denum par ! no . T e
Mechel's d
drawing), _ . .
(From Snyder, W. H, Jr,, and Chaffin, L.: Embryology and pathology of the intes-
tinal tract: ion of 40 cases of mal. ion, Ann. Surg, 140:368-379, Septem-
ber, 1954.)
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cending colon lic in the right side of the abdomen; and the transverse
colon lies in front of the duodenum,

The following may help to explain how rotation comes about.
The primitive alimentary canal is a cordlike structure which later
acquires a lumen. It is suspended by a dorsal mesentery carrying the
blood supply. The midgut receives its blood supply from the superior
mesenteric artery, which represents the axis of rotation later on. During
the early period of rapid growth, the midgut is crowded out of the
abdominal cavity and into the cord, producing a physiologic hemia-
tion. Shortly therealter, orderly reduction of the bowel back into the
abdominal cavity takes place, the last portions to leave being the first
portions to return. As reduction of herniated bowel occurs, a process
of rotation is observed (Fig. 109) which provides for the systematic
distrbution and eventual fixation of the several pasts of the midgut.
The essential elements of rotation concern: position of the superior
mesenteric artery, which represents the axis of rotation and which
etends from the posterior abdominal wall, anteriorly; tuming of the
midgut, counterclockwise, through an arc of 270 degrees (three
quarters of a circle); and lastly, peritoneal fixation of the duodenum,
the small bowel mesentery, the cecum and the ascending colon.

‘When rotation is complete, several portions of the midgut become
fused to the posterior abdominal wall; other portions remain attached
by mesenteries. With failure of rotation, abnormal lines of peritoneal
fusion and lack of anchorage of the small-bowel mesentery occurs.
The common findings in midgut volvulus are: obstruction to the duo-
denum due to adhesions, and twisting (velvulus) of the small bowel
clockwise on its narrow-based mesentery. Other conditions resulting
from errors in midgut development are: omphalocele (persistence of
the embryonic hemia), Meckel’s diverticulum and varicus types of
atresias of the gut.

The clinical findings in malrotation of the gut are those of intes-
tinal obstruction. Signs of obstruction usually appear shortly after
birth, but they may not develop until later in life, In newbom infants
with obstruction, the physician should Jook for imperforate anus and
atresia of the rectum and colon. Also, he should consider ileocolic

intussusception in all infants and children. Neray films of the abdomen
may suggest the site of obstruction. A barfum enema is in order if
large-bowel obstruction is a diagnostic possibility.

*!alrotaﬁon with obstruction is an emergency condition, and
surgical treatment is imperative. Before operation, attention must be
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given to the systemic needs of the infant, but httle delay is permissible.
With volvulus of the midgut there is progressive necrosis of the bowel,
and the infant’s chances for survival fall off sharply when this compli-
cation occurs.

The operation consists of unwinding the twisted bowel, as well as
freeing the adhesions which block the duodenum. No attempt should
be made to suture the segments of the midgut in their normal posi-
tions. Necrotic bowel, if present, must be removed, and continuity of
the alimentary canal restored by anastomosis,
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CHAPTER 25

The Head and Neck

MOUTH, TONGUE, JAWS AND SALIVARY GLANDS
CONGENITAL DEFECTS

THE COMPLEX developmental processes which re-
sult in the formation of the mouth and jaws often lead to congemital
abnormalities or defects. The most common of these imperfections
are those of the upper lip and the palate, resulting in cleft lip (hare-
1ip) or cleft palate, or both, The surgical repair of a cleft lip should
be undertaken early, usually in the first few weeks of life; but the
repair of a cleft palate may be deferred until the second or third year
of age, before serious speech difficulties have arisen. Proper surgical
management results in excellent anatomic and functional results.

TRAUMATIC INJURIES

‘The management of injuries to the lips, tongue and jaw is essen-
tially similar to that in other regions. Wounds of these structures are
attended by moderate to severe hemorrhage and by some degree of
infection, but usually good healing occurs. While contamination with
mouth organisms does occur, serious infection is, fortunately, unusual.
Closure of wounds in this area requires more than the usual attention
to cosmetic aspects. Proper initial handling of the wound will often
obviate the need for secondary plastic procedures. Injurfes which are
associated with division of the branches of the facial nerve, laceration
of a salivary gland, penetration into the mouth, fracture of the jaw or
serious Jaceration of the tongue require specialized surgical care. The
timing of operation, selection of anesthesia, positioning of the patient,
maintenance of the airway (tracheotomy may be necessary) and re-
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duction of fractures are problems of immediate concern. Immediate
repair should be carried out only if the patient’s general condition 15
satisfactory,

INFECTIONS

Infections in this area are commonly saprophytic and noninvasive
in behavior, Invasive infection may follow acute dental infections,
acute tonsillitis and pharyngitis. Suppuration of the parotid gland
occasionally occurs as a complication after abdominal operations.
Rarely is acute parotitis encountered as a complication of duct obstruc-
tion from a salivary stone. Infections of the upper lip and the nose
(dangerous areas of the face) may extend through the angular veins
to cause cavernous sinus thrombosis. For this reason, infections of the
“dangerous areas” should be treated conservatively and not incised,
squeezed or otherwise manipulated during the acute phase. The same
may be said about all acute infections of the face, the oral cavity, the
teeth and the jaws. The estraction of a tooth during the acute phase of
dental infection may lead to osteomyelitis or other cumplicaﬁo.ns-
Osteomyelitis of the jaw may indicate the need for conservative
drainage of the soft tissues and later removal of a sequestrum, rather
than primary radical treatment.

Beniey Tunmons anp Cysts

A wide varety of pathologic entities is found in the mouth and
jaws, but only a few of the more common conditions can be described
here.

Ranura—The ranula (“little frog”) is a soft, painless, semitrans-
parent swelling beneath the mucous membrane of the mouth. I
usually appears at the side of the tongue and may extend back to 'the
angle of the jaw. The cyst, which contains a ropy mucoid fluid, arises
from submucous glands and sublingual ducts. Excision is the treatment
of choice; but if complete removal is not possible, packing with irntant
material or marsupialization may lead to obliteration. .

Dernvom Cyst —This eyst is rather imn and usually contains hair,
sebaceous material and debris. It occurs in the midline of the floor of
the mouth and should be differentiated from the ranula, which de-
velops to the side of the tongue.

Erutss—The epulis is a tumefaction of the dental margin rather



THE HEAD AND NECK 527

than a pathologic entity. It may develop from the dental periostcum
and appear from the root membrane attached to the alveolar process.
1t may oceur in regions where teeth have recently been lost or ex-
tracted. The tumor is soft, red and friable, or firm and pale, according
to whether vascular or fibrous tissue predominates, Three clinjcal types
are described: fibroma, fibroangioma and giant cell epulis. Treatment

DIAN
el

Fic. 110.—Carcinoma of the parotid gland. The patient had been aware of a
marble-like mass in the parotid for many years. In recent months it had enlarged
rapidly and prodnced paralysis of the seventh cranial nerve. Radical Yocal excision
was performed, but the tumor recusted about a year later. Radiation thesapy was
mstituted with Little effect. It is probable that the cancer arose in a “mixed tumor.”

consists of excision of the tumor, with extraction of a tooth on either
side of the lesion and thorough curettement of the tooth socket and
bone.

OpoxroMa.—An odontoma is a bizarre mass of aberrant tooth
forms enclosed in a fibrous capsule or cementum. Odontomas vary in
size and shape and are usually buried in bone. They do not reriire
removal unless they produce symptoms. Two types are encounte?-ed
the bard and soft varieties. The hard type is probably a malformati o
The saft type is 2 true neoplasm of mesodermal origin. -

Denicenous  Cyst.—Dentigerous cysts probably grow from a
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dental follicle of an unerupted tooth. They usually contain a rudimen-
tary tooth composed of the basic tooth clements: dentine, cementum
and enamel. These cysts are painless and may attain considerable size.
Dental root cysts are the result of infection following the death of the
pulp of the erupted tooth. The cyst may remain after the extraction of
the tooth.

ApaxtanTiNoaa.—The adamantinoma, or ameloblastoma, is derived
from the enamel organ and usually appears in the molar region. The
growths are large, bulky, lobulated and honeycombed. They are
benign but locally infiltrative and destructive. The roentgenologic ap-
pearance may be diagnostic. The condition is treated by wide excision,
including a portion of the jaw. Unless completely removed, this tumor
will always recur.

Mixep Tussons.~These tumors occur chiefly in the parotid gland
(Fig. 110) and less often in other salivary glands or in the mucous
membrane of the palate or lip. They are slow-growing, hard, often
nodular and painless. Characteristically, they are located over the
parotid or behind the angle of the jaw. They may contain epithelal
clements, fibrous tissue, cartilage, bone, lymphoid tissue, fat and
striated muscle. They are generally benign but often exhibit malignant
characteristics after repeated but incomplete attempts at local re-
moval. Recurrence is common because simple enucleation of the mass
is performed and remnants of the tumor are allowed to remain. The
potential seriousness of mixed tumors and the need for more radical
treatment is not commonly appreciated. In order to cure this condition,
it is usually necessary to remove the entire superficial lobe of .Lhe
parotid or, in some instances, the entire parotid. Special precautions
must be taken during the dissection to protect the facial nerve from
injury, Only when the tumor is malignant is it justifiable to sacrifice
the nerve.

MavieNanT TUMORS

Primary carcinomas of the lower lip, tongue and oral mucous
membrane are relatively common. They are predominately squamous
cell (epidermoid) in type and appear to have a common ctiologic
basis. Chronic irritation resulting from, or in association with, dental
snags, carious teeth, poor oral hygiene, ill-fitting dentures, tobacco and
syphilis frequently leads to leukoplakia, papillomas, fissures or u]cer.S.
which often appear to be the starting point for cancer. Lcukoplakm
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is a precanccrous lesion which appears as white patches resembling
white enamel paint on mucous membranes. 1t is essential that the
physician recognize and correct sources of chronic irritation and
potential malignant growth.

Cancer of the lip and mouth spreads directly to bone and muscle
and indirectly to distant areas through the lymphatics. Often the local
process can be cured or controlled, but metastatic spread results in the
death of the patient. Even in the early and apparently favorable cases,
it is important to recognize that lymphatic spread may already have

Fic. 111.—Epidermoid carcinoma of the lower lip. Note the location at the ver-

milion border, the rolled edges at the margin and the central ulceration. Cured by
V excision.

oceurred and to give careful consideration to the distant areas as well
as the local lesion, Too often, attention is focused entirely on the
primary tumor. As in other regions, the opportunity for cure of cancer
is greatest at the time of initial treatment.

The lymphatic channels near the midline of the lower lip, tongue
and oral cavity are crossed. The suprahyoid nodes (submental and
submaxillary groups) drain to the upper deep cervical nodes, which
lie close to the bifurcation of the common carotid artery.

Primary spread of carcinoma of the upper and lower lip, the ante-
rior portion of the tongue, the alveolar ridges and the buccal mucosa
oceurs to the suprahyoid nodes, Secondary spread occurs to the upper
deep cervical nodes from the suprahyoid nodes, or via colateral
channels or retrograde flow.

Pr.imary spread to the deep cervical nodes occurs from the
posterior portions of the tongue, floor of the mouth, tonsil, palate,
lower pharynx and larynx. ) ' P ’
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The absence of enlarged nodes is no assurance that metastatic
spread has not taken place. Conversely, enlarged nodes do not neces-
sarily indicate the presence of metastases. Inflammatory changes in
lymph nodes often simulate changes produced by metastases. The
diagnosis of metastatic spread to the regional nodes is, therefore,
always open to question unless it is based on histologic evidence.
Certain clinical findings, such as induration, multiple nodal involve-
ment and fixation, may indicate to the experienced observer that
spread has actually occurred. Between these two extremes—that is, ab-
sence of clinical changes and gross clinical changes—many possibilities
for mistakes in judgment and management exist.

CanciNoya oF THe Lir.—Cancer of the lower lip (Fig. 111) occurs
almost exclusively in men. Although the lesion may appear as a wart, 2
fissure or a nodule, most often it is an ulcer with raised margins and a
granulating base. Spread to the regional nodes occurs relatively late
in the course of the disease, as compared to cancer of the tongue. The
prognosis for cure is good, provided metastatic spread has not
occurred.

The first step in the treatment is to establish the diagnosis by
biopsy. The local lesion can be completely removed by excision or
destroyed by radiotherapy. The surgical treatment consists in a wide
V excision with plastic repair of the lip. Bilateral dissection af. th.e
lymph nodes of the upper neck (supraomohyoid) may also be indi-
cated. It may be done at this time or deferred until later. When
supraomohyoid dissection is done in the absence of palpably en‘“‘ge_d
nodes, it is sometimes called “prophylactic” neck dissection, There is
evidence to indicate that routine prophylactic neck dissection does not
increase the cure rate of cancer of the lip. When regular and frcgueﬂt
follow-up observations of the patient cannot be assured, it is advisable
to carry out upper neck dissection in the absence of clinical signs of
spread. This would seem to be consistent with the principles of good
cancer therapy Tt is generally recognized that radiation of tymph
nodes containing cancer is not curative but only palliative. In some
instances, radium therapy is used. Occasionally there will be involve-
ment of the mandible by direct etension from a tumor of the Iip o
from metastatic cancer in the upper cervical lymph nodes. Under such
circumstances, combined jaw resection and neck dissection 1s some-
times indicated.

Carcvoya of i Toncue.—Cancer of the tongue occurs most
frequently in males over fifty years of age. The tumor may appear a5
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a deep uleer; a nodular mass which eventually ulcerates; a hard,
deep crack; or an extensive infiltration without ulceration. Infiltration
of muscle and carly spread to the regional nodes occur (Fig. 112).
The tumor in the tongue is usually more extensive than indicated by
external examination. The location of the tumor influences spread,
treatment and prognosis.

Pain may be severe. Weight loss soon appears. Ulceration and
hemorrhage occur later. Cancer of the anterior part of the tongue

Fic. 112 (left).—Carcinoma of the antenor portion of the tongue in an elderly
woman Ulceration of the lesion has not yet developed. The patient was treated by
1radiation locally and resection of the cervical nodes.

Fic. 113 (right),~Lymphatic drainage of the tongue. Note that the channels
cross, The Jymph node aggregations consist of the submaxillary, submental and
upper deep cervical groups ( After Rouviére.)

(anterior to the lingual V) offers a more favorable prognosis than
cancer of the posterior or infralingual portions. The lymphatic drainage
(Fig. 113) from the midline is invariably crossed. The first Iymphatic
extension from carcinoma of the tongue oceurs according to the loca-
tion of the lesion to the submental, submaxillary or upper deep cer-
vical chain of lymph nodes.

Carlljci.noma of 1‘1}1’3 tongue must be differentiated from hyperker-
atosis, benign papilloma, tuberculosis and primary and terti
ilis. Biopsy is essential for diagnosis. primay ereny sypt

Cancer of the tongue is treated b i isi

C y wide surgical excision (usuall
hemiglossectomy) or by radiation, either esternal or infersltljz:ialll
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(radium), according to the location and extent of the lesion. The areas
of lymphatic drainage require radical removal because metastatic
spread occurs early and regularly in this diseasc. If the physician
waits for unequivocal evidence of nodal involvement, the opportumty
for cure is compromised.

Carcivoda oF THE Movri.—Cancer of the floor of the mouth is
an unusually unfavorable tumor. Early extension to muscle, bone and
lymphatics oceurs. The prognosis is similar to that of cancer of the
tongue. Treatment consists of radiation to the primary lesion or com-
bined floor of the mouth-jaw rescction. Radical neck dissection may be
performed simultancously or after treatment of the local lesion has
been completed.

Carcinoma of the alveolar ridge generally involves bone. Involve-
ment of the palate may be primary or secondary to lesions of the
paranasal sinuses. Because necrosis of bone often follows intensive
radiation of these areas, surgical treatment, with wide excision of the
jaw, palate or maxilla, is sometimes advisable.

The most frequent complications of carcinoma of the mouth are
distant metastasis, ulceration, hemorrhage, deformity, bone necrosis
and osteomyelitis.

The care of the patient with advanced incurable intraoral cancer
is difficult even under the best circumstances. Pain is severe, rest 18
seriously disturbed, food intake is poor, breathing is difficult and
sloughing, suppuration and hemorrhage continue until death occurs
from exhaustion, pneumonia or exsanguination.

MASSES IN THE NECK

One can do no more than mention some of the fcaturcs

of these tumors which usll make one suspicious of what

the tumor may proce to be.~LANEY.

The clinical aspects of masses in the neck constitute an interesting
subject for study and speculation. In approaching these problems onc
must keep in mind the regional anatomy and the fact that the neck
contains many tissues and organs (Fig. 114), any one of which may
be the site of tumefaction. Here we find skin, fat, fascia, muscle, bone,
cartilage, blood vessels, lymphatics, nerves, salivary glands, thyroid,
parathyroids, sympathetic nerves and ganglia, carotid bodies and the
communicating hollow organs of the respiratory and almentary tube
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(trachea and esophagus). Each of these tissues and organs may gie
nise to or be involved in a pathologic process.

The next consideration which would logically follow the regional
anatomy would be the regional pathology. Here three broad categories
come to mind: malformations, congenital or acquired; infections; and
new growths, Congenital malformations are usually present at birth or
become manifest in carly life, Acquired malformations are often of
vascular origin, as, for example, ancurysm or arteriovenous fistula.
Infections tend to be acute or chronic according to whether they are
due to organisms of the pyogenic or chronic granulomatous type. New
growths are of two general types: benign or malignant. Those which
are benign originate in and remain confined to the neck. Those which
are malignant may originate in the neck and spread to other areas, o
originate m other arcas and spread to the neck. In certain types of
neoplastic discase (e.g., lymphomas), the swelling in the neck may
simply be one manifestation of generalized disease.

From the above it is apparent that clinical diagnosis of masses in
the neck poses many problems. But much can be learned from analy-
sis of the history and physical findings, together with blood and x-ray
studies. The final diagnosis, however, will often depend on biopsy-
This is not meant to imply that masses in the neck should be subjected
to biopsy immediately in order to obviate the need for other studies.
On the contrary, biopsy should be deferred until other studies ha\fﬂ
been completed, and then performed only when the mdications for it
are clear.

The most common tumors or cysts of embryologic origin arise
from (1) remnants of the median thyroid anlagen (thyroglossal duc.t)
or (2) remnants of a branchial cleft, usually the second (bmnchml
cleft cyst). Remnants of both the thyroglossal duct and the Dbranchial
cleft may persist as fistulas communicating with the oval cavity and
skin or as sinuses opening on the skin.

An understanding of the cervical lymphatics and the regions which
they drain is essential to diagnosis. The lymphatics of the neck may be
divided anatomically in the superficial and deep systems according to
their relationship with the superficial layer of the deep cervical fascia.
These systems communicate through many connecting channels. The
usual direction of lymph flow is from the superficial to the deep nodes;
however, direct and retrograde lymph flow also occur.

The superficial system includes three main groups of nodes: (1)
the submental group, which receives lymph from the lower lip and
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Fic. 115.—Representative masses 1 the neck—the most commonly encountercd
types exclusive of thyrowd nodules. 8, thyroglossal duct cyst. B, branchial cleft eyst
in an adult. €, metastatic cancer of cervical nodes from a primary tumor of the floor
of the mouth, D, cystic hygroma in an nfant,

mouth; (2) the submanllary group, which receives lymph from the
floor of the mouth, the upper lip, sinuses and face; and (3) the pos-
terior group (below the angle of the jaw and behind the ear), which
receives lymph from the ear and scalp. The superficial system extends
downward along the external jugnlar vein.

The deep cervical system lies beneath the sternocleidomastoid
muscle and along the great vessels. The superior nodes of the deep
group are located above and around the bifurcation of the carotid
artery. They drain the tonsil and the pharynx primarily but are
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(trachea and esophagus). Each of these tissues and organs may gne
rise to or be involved in a pathologic process.

The next consideration which would logically follow the regional
anatomy would be the regional pathologv. Here three hrnad eatedones
come to mind . , . . nd

new growths, i - - - T Iy
become manifest in early life. Acquired malformations are often of
vascular origin, as, for example, ancurysm or arteriovenous fistula.
Infections tend to be acute or chronic according to whether they are
due to organisms of the pyogenic or chronic granulomatous type. New
growths are of two general types: benign or malignant. Those which
are benign originate in and remain confined to the neck. Those which
are mahignant may originate in the neck and spread to other areas, of
originate in other arcas and spread to the neck. In certain types of
neoplastic disease (e.g., lymphomas), the swelling in the neck may
simply be one manifestation of generalized disease.

From the above 1t is apparent that clinical diagnosis of masses in
the neck poses many problems. But much can be learned from analy-
sis of the history and physical findings, together with blood and x-ray
studies. The final diagnosis, however, will often depend on biopsy.
This is not meant to imply that masses in the neck should be subjccfed
to biopsy immediately in order to obviate the need for other studies.
On the contrary, biopsy should be deferred until other studies have
been completed, and then performed only when the indications for it
are clear.

The most common tumors or cysts of embryologic origin arise
from (1) remnants of the median thyroid anlagen (thyroglossal duc'f)
or (2) remnants of a branchial cleft, usually the second {branchial
cleft cyst). Remnants of both the thyroglossal duct and the branchial
cleft may persist as fistulas communicating with the oval cavity and
skin or as sinuses opening on the skin. ,

An understanding of the cervical lymphaties and the regions which
they drain is essential to diagnosis. The lymphatics of the neck may be
divided anatomically in the superficial and deep systems according o
their relationship with the superficial layer of the deep cervical fascia.
These systems communicate through many connecting channels. The
usual direction of lymph flow is from the superficial to the deep nodcs,
however, direct and retrograde lymph flow also occur.

The superficial system includes three main groups of nodes: 1)
the submental group, which receives lymph from the lower lip and
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consistency, regional changes and jated discases are the more
important points in diagnosis.

Tuvrocrossa. Ducr Cyst.~The thyroglossal duct lics in a line
between the pyramidal lobe of the thyroid and the foramen caccum
linguae. A cyst or sinus tract derived from this structure (Fig. 115, A)
is located in the midline at any point between the thyroid isthmus and
the basc of the tongue. The tract is usually attached to, or in close
relationship with, the hyoid bone. The cyst may cause no symptoms or
may cause symptoms as a result of pressure on other structures. The
cyst has a thin wall and is filled with mucoid fluid. Swallowing will
cause the mass to move upward. Characteristically, the cyst is movable
in a lateral dircction but not vertically.

A palpable cord (thyroglossal duct) may be found running up-
ward from the cyst. Because of this duct, the cyst may become in-
fected. If so, the cyst often drains spontancously, but it may be incised.
Ideally, it should be removed before infection occurs. The presence of
a thyroglossal duct sinus or fistula complicates treatment. Complete
excision of the tract to the base of the tongue, including a portion of
the hyoid bone, is necessary for cure.

LATERAL DISCRETE MASSES

The common lateral discrete tumors or cysts of the neck are:
branchial eysts, lymphomas, acute or chronic localized lymphadenitis
and lipomas. Lipomas in this region are rather common and may be
mistaken for more serious conditions. As elsewhere, they are smooth,
multilobulated and usually fluctuant. Sometimes the chamacteristic
lobulation can be demonstrated on x-ray films of the soft tissues.

BraxcrioceNic Cysts.—~There are several theories concerning the
origin of branchiogenic cysts, but most of the evidence supports the
belief that they arise from persistences of the second branchial cleft
(Fig. 115, B). They are characteristically located along the anterior
border of the sternocleidomastoid muscle at anty level in the neck from
the posterior belly of the digastric to the manubrium of the sternum.
There may be a fistulous tract which extends up to the digastric
musclt'e, arches medially behind the stylopharyngeus muscle and termi-
nates in the tonsilar fossa. The cyst or tract is lined with ciliated and
stratified squamous epithelium and contains a milky or mucoid mate-

rial. .An external fistula may be present. Treatment consists of complete
surgical excision,
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secondarily involved by processes affecting the superficial cervical
nodes. The superior nodes of the deep cervical chain enter the jugular
Iymphatic trunks and form the inferior group below the bifurcation of
the common carotid. Ultimately the channels join the thoracic duct on
the left and the right Iymph duct at the junction of the subclavian and
internal jugular veins on the right,

A classification of the tumors and cysts of the neck (modificd from
Lahey) is given below. See also Figure 115, which shows some of the
common masses of the neck.

MipLiNe Masses:
Thyroglossal duct cyst (Fig. 115, A}  Adenoma of isthmus of thyroid

Pyramidal lobe of thyroid Lingual goiter

LATERAL DiscRETE MassEs;
Lipoma Discrete tuberculous node
Salivary gland tumors Dermoid cyst
Discrete adenoma of thyroid Carotid body tumor X
Branchial cleft cyst (Fig. 115, B) Localized acute or chronic cervical
Secondary carcinoma lymphademtis

Discrete lymphoma
LATERAL MurTIPLE MASSES:

Acute or chronic lymphadenitis Lymphomas ..
Nodular goiter Tuberculous cervical adenitis
Metastatic cancer (Fig. 115,C) Cystic hygroma (Fig. 115, D)

Low Masses EXTENDING INTO MEDIASTINUM:
Intrathoracic goiter
Metastatic cancer from abdomen or chest

MipLiNg Masses or THE NECK

Lesions in this location rarely present the difficult diagnostic
problems seen in the lateral area. Midline masses are most often ('iue
to thyroglossal remnants or ectopic thyroid tissue. The p)’mmldal
lobe, when present, extends upward from the isthmus, usually to th‘e
left of the thyroid cartilage. The only factor of chnical importance is
that the pyramidal lobe should be removed during !hyroxdectomy.
Lingual thyroid masses are very rare. i

Because cysts in the neck are often very tense, the differentiation
between cystic and solid tumors may be difficult. The tenseness of
cysts and the mobility of the neck structures frequently makes ﬂqu'““‘
tion an unreliable sign of fluid. The location, mobility, fixation,
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known, is notable for its slow and insidious onset and great chronicity.
Although common years ago, it is rarcly seen today. Tuberculous nodes
become conglomerate, matted and ultimately undergo caseation necro-
sis. The overlying skin is bluish, and there may be painful fistulous
tracts with chamcteristic ragged and undermined edges. The diagnosis
is established by tuberculin testing, excision biopsy and guinea pig
inoculation of the material aspirated from a cascous node. The meas-
ures which have proved useful jn treating tuberculosis in other areas
are also effective here. Radiotherapy and surgical excision are occa-
sionally used. !

MEetastaTic Disease ¥ THE Cenvicar Lyapeit Nopes.—Gross
lymphadenopathy from cancer results from a combination of a multi-
plication and aggregation of tumor cells and secondary inflammatory
changes. Not every enlarged regional node draining a carcinomatous
area contains cancer cells. The chief pathologic changes may be the
result of inflammation. Cancer cells disseminate through lymphatic
channels by embolism and spread from node to node in the direction
of lymph flow. Reversal of lymph flow and retrograde spread of
metastases occurs when lymphatic obstruction exists, Carcinomatous
lymph nodes are often stony-hard and fused. Suppuration of nodes
also occurs in advanced disease,

Metastatic cervical cancer is often the first sign of a primary malig-
nancy elsewhere. The upper deep cervical nodes may be involved early
in the course of cancer of the mouth or pharynx; the lower nodes of
the deep cervical chain in primary malignant disease of the lung or
the a]imentary tract; and any of the deep nodes in cancer of the
thyroid. All patients presenting discrete or multiple masses in the neck
require special examinations of the oral cavity, the oropharynt and
the nasopharynx. Proper equipment and lighting is necessary for this
examination. Repeated examinations may be required before the
primary tumor is discovered.

Where secondary spread to the neck has occurred, the primary
tumor should be located, the diagnosis verified by biopsy and curative
or palliative therapy applied as indicated,
the ?;;u](:mm: LY?IIPHOMAS-—ThiS group includes: the giant follicle,

> lymphocytic and the Iymphoblastic lymphomas, Hodgkin’s disease,
reticulum ce.H sarcoma and their many biclogic and histologic variants.
The leukemias can be considered metastases in
nant lymphomas. The diagnosis of leukemia is
of the blood, lymph nodes and bone marrow;

the blood from malig-
established by studies
the diagnosis of the
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Carorip Bopy Tuson.—Tumors of the carotid body are rare, slow-
growing and usually benign. They are single, solid lesions attached to
or sometimes encircling the carotid bifurcation. They may be mistaken
for carotid aneurysms. They lic high and deep in the neck and tend to
extend upward, occasionally bulging into the pharynx. Because they
are fised to the carotid arteries, they cannot be dislocated downward.
The carotid body syndrome is infrequently associated. Surgical treat-
ment may be difficult and complicated. The tumor should be removed
if continuity of the internal carotid can be preserved; otherwise the
risk of cerebral ischemia with hemiplegia is great.

Aneurysm.—An ancurysm of the carotid artery or its branches is
suggested by the presence of an expansile, pulsating mass which pro-
duces a thrill or a bruit. An arteriovenous ancurysm (fistula) is sug-
gested by a history of a penctrating injury, a continuous machinery-like
murmur and bradycardia when the fistula is occluded by pressure
(Branham’s sign).

Acute anp Crronic Cenvicar Lyarrapgntris.—In most cases of
cervical lymphadenitis, several nodes will be enlarged. However, sin'gle
masses are occasionally found. In the acute form of isolated cervical
adenitis, a primary focus of infection in the skin, mouth, pharyns,
sinuses, etc,, can usually be found. Acute infections generally result
from pyogenic organisms; chronic infections are more likely to be of
the granulomatous type.

LATERAL MULTIPLE MASSES

The most common conditions in this group are acute and chronic
cervical lymphadenitis, metastatic carcinoma to the cervical nod'es
(Fig. 115, C), lymphoma, nodular goiter and cystic hygroma (Fig.
115, D).

AcutE CErvicaL Lyatpnavenrris.—Inflammatory lymph nodes are
usually the localized evidence of a staphylococcal or streptococeal
infection Inflammatory nodes are multiple, tender, enlarged and offeﬂ
confluent. Suppuration may develop. The systemic signs of infcc.tmn
are present. The general principles for the treatment of infections
apply in these conditions. Energetic treatment, directed at both t}?e
primary and secondary manifestations of the disease, often resul'fS' in
resolution without suppuration. If suppuration develops, the physician
should avoid hasty incision for drainage.

TupeERCULOUS LyMeHADENTTIS.—“Serofula,” as it has long been
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lymphomas, by histologic examination of an accessible lymph node.

The lymphomas are most common in the middle and advanced
age groups. The first complaint may be a single, deeply placed, firm
and not freely movable mass in the upper part of the neck, Multiple
nodal involvement occurs later. The nodes are sometimes fused to-
gether and there may be local tissue invasion, but suppuration is
1are. Roentgen therapy is of value, but generally, surgical measures
have little to offer.

In young adults the onsct of Hodgkin's discase is often insidious,
and the slow course may be deluding when considered in relation to the
final fatal outcome. There is progressive and multiple involvement ?f
the lymph nodes, which often begins in the cervical region. Hodgkin's
disease may start as a unilateral lymphadenopathy, but generalized
involvement of the lymph nodes is more common. The nodes are
discrete, smooth, elastic and mobile.

The systemic signs of Ilodgkin's diseasc are: weakness and
malase, anemia and fever of the Pel-Ebstein type; but diagnosis may
be difficult because Hodgkin’s disease often masquerades as other dis-
eases The diagnosis is confirmed by biopsy. Roentgen therapy may
hold the process in check for many years. Radical surgical treatment is
ineffective.

Cystic Hyeroma.~Cystic hygromas are formed by the sequestra-
tion of primitive lymphatic tissue of the jugular Iymph sacs. In the
embryo the jugular sacs are located in the neck near the junction of
the internal jugular and subclavian veins. The cystic hygroma is most
often found in infants or cluldren, most often low in the neck, in the
axillae or both areas. The tumor is a multiloculated, endothelial-lined,
thin-walled, flmid-filled mass. The characteristic invasive property of
primitive lymphatic tissue is noted in cystic hygroma. Whle the
recommended treatment is complete surgical excision, this is not al-
ways practicable. In some instances, radiation or sclerosing solutions
have been used with indifferent results,

SUGGESTED READINGS
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The thyroid is not generally affected by discases which involve
other tissues and organs. Acute thyroiditis, an uncommon acute inflam-
matory condition, is characterized by localized pain and tenderness
and a systemic reaction which resembles that of an infectious disease.
The process subsides spontancously and operative treatment is not
indicated.

In chronic thyroiditis there is a pronounced diffuse increase in the
consistency of the gland, with varying degrees of enlargement and
pressure symptoms. Three pathologic types which are difficult to
differentiate chnically are: Riedel's struma (or “woody thyroiditis”),
an iron-hard, fibroplastic goiter; Hashimoto’s struma (struma lympho-
matosa), with lymph follicles with germinal centers predominant;
and Quervain’s struma, a subacute giant cell thyroiditis. Surgery may
be necessary to differentiate these conditions from carcinoma or to
relieve pressure symptoms. Hypothyroidism may result from chronic
thyroiditis when replacement of acinar tissue occurs.

A simple clinical classification of goiter is possible according to
structure and function: (1) diffuse nontoxic goiter (colloid goiter);
(2) nodular nontoxic goiter (adenomatous goiter); (3) nodular toxic
goiter (adenomatous goiter with hyperthyroidism); and (4) diffuse
toxic goiter (Graves® disease). The factors underlying the production
of goiter are incompletely understood, but pathophysialogic changes
resulting from acinar hyperplasia and involution are believed basic.
Diffuse nontoxic, or colloid, goiter is thought to be the result of an
iodine deficiency. A symmetrical and generalized enlargement of the
gland results from excessive colloid.

Circumscribed single or multiple thyroid nodules are common.
Variations in the histologic appearance of the nodules oceur, and often
evidence of both hyperplasia and involution may be seen, side by
side. Degenerative changes in adenomata, such as cyst formation,
hemorrhage, calcification or neoplasia, may be encountered. Localized
areas of hyperfunction may produce all the systemic signs of primary
hyperthyroidism. Solitary nodules (adenomas) are believed to possess
mahgnant potentialities. Because the single thyroid nodule may be
cancerous or may become cancerous, some authorities recommend ex-
cision of all solitary thyroid nodules.

~The primary cause of thyrotoxicosis lies beyond the thyroid gland,
Evidence suggests that functional neuroendocrine disturbances of the
cerebral cortex and subcortical centers, the hypothalmus, the anterior



CHAPTER 26

The Thyroid Gland

THE THYROID gland develops from three primordia:
the central portion of the gland from an invagination of the anteror
wall of the primitive pharynx, and the lateral lobes from invagmation
of the fifth pharyngeal pouches. Residual tissue from midline anlage
may remain as a pyramidal lobe, thyroglossal duct or cyst, or sublin-
gual goiter. The thyroid gland is abundantly supplied with blood
through the superior and inferior thyroid arteries. A fibrous capsule,
formed by the enveloping deep cervical fascia, and a thin inner
capsule cover the surface of the gland and provide a framework for
the acinar tissue. The parathyroid glands, usually four in number, are
yellowish brown structures closely resembling fat. They are located on
the posterior surface of the thyroid adjacent to its main arterial
branches. The recurrent laryngeal nerves generally lie in the tmche?-
esophageal groove in close relationship with the inferior thyroid
arteries, where they may be injured during operation. The recurrent,
or inferior, nerves supply all the intrinsic muscles of the larynx except
the cricothyroids, which are supplied by the superior laryngeals. The
latter nerves are also sensory to the larynx. i

Thyroid function is concerned with the processes of cellular oxida-
tion, growth and development. Production of thyroid hormone (thy-
roxine) is regulated chiefly by the thyroid-stimulating hormone (TSH)
of the anterior pituitary. Thyroid activity is frequently disturbed, al'ld
there is great variation . . . o
thyroid occurs normally
and during pregnancy. 1 L ot . i
sible for the so-called “toxic goiter”; severe hypofunction is the basis
for cretmism or myxedema. The condition of normality is known as
the “euthyroid state.”

542



THE TUYIOID GLAND 543

The thyroid is not generally affected by discases which involve
other tissues and organs. Acute thyroiditis, an uncommen acute inflam-
matory condition, is characterized by localized pain and tenderness
and a systemic reaction which resembles that of an infectious disease.
The process subsides spontancously and eperative treatment is not
indicated,

In chronic thyroiditis there is a pronounced diffuse increase in the
consistency of the gland, with varying degrees of enlargement and
pressure symptoms, Three pathologic types which are difficult to
differentiate clinically are: Riedel’s struma (or “woody thyroiditis™),
an iron-hard, fibroplastic goiter; Hashimoto’s struma (struma lympho-
matosa), with lymph follicles with germinal centers predominant;
and Quervain’s struma, a subacute giant cell thyroiditis. Surgery may
be necessary to differentiate these conditions from carcinoma or to
relieve pressure symptoms. Hypothyroidism may result from chronic
thyroiditis when replacement of acinar tissue occurs.

A simple clinical classification of goiter is possible according to
structure and function: (1) diffuse nontoxic goiter (colloid goiter);
(2) nodular nontoxic goiter (adenomatous goiter); (3) nodular tosic
goiter (adenomatous goiter with hyperthyroidism); and () diffuse
toxic goiter (Graves’ disease). The factors underlying the production
of goiter are incompletely understood, but pathophysiologic changes
resulting from acinar hyperplasia and involution are believed basic.
Diffuse nontoxic, or colloid, goiter s thought to be the result of an
iodine deficiency. A symmetrical and generalized enlargement of the
gland results from excessive colloid.

Circumscribed single or multiple thyroid nodules are common.
Variations in the histologic appearance of the nodules occur, and often
evidence of both hyperplasia and involution may be seen, side by
side. Degenerative changes in adenomata, such as cyst formation,
hemorrhage, calcification or neoplasia, may be encountered. Localized
areas of hyperfunction may produce all the systemic signs of primary
hyperthyroidism. Solitary nodules (adenomas) are believed to possess
malignant potentialities. Because the single thyroid nodule may be
cancerous or may become cancerous, some authorities recommend ex-
cision of all solitary thyroid nodules.

_The primary cause of thyrotoxicosis lies beyond the thyroid gland.
Evidence suggests that functional neuroendocrine disturbances of the

cerebral cortex and subcortical centers, the hypothalmus, the anterior
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HYPOTHYROID
Fic, 116.—Usual lak y findings in chmeally hyperthyroid, euthyroid and

hypothyroid patients. { From Evans, C. T.: J. Iowa M. Soc. 45:179, 1955 )

pituitary, the autonomic nervous system, the gonads and the adrenn!s
are involved, but exact relationships are not known. Thyrotoxicosis
has developed following severe emotional stress. Thyroid hormone in
abnormal amounts is the basis for the signs and symptoms of thyrq-
toxicosis. Hyperfunction of the thyroid is associated with characteristic
cytologic features: decreased stored acinar colloid, large columnar
cells, increased vasculanty and an increased number of lymPhOid
follicles.

The gross and histologic features of nodular toxic goiter are those
of nodular nontoxic goiter plus added areas of hyperfunctiomng thy-
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roid tissue. Nodular toxic goiters usually contain areas of both hyper-
functioning and involuting tissue. Cystic nodules, arcas of old and
recent hemorrhage and caleific deposits are also common.

Compression of the trachea and/or esophagus or the possibility
of malignant discase is an indication for operation for nontoxic goiter.
Cosmetic considerations may also justify operative treatment, In gen-
cral, it can be said that nodular goiter is a surgical discase.

Recently introduced technics for the clinical study of thyreid
function include measurement of the protein-bound iodine level of
serum and the uptake level of radioactive jodine by the gland. These
tests of thyreid function and the basal metabolic rate (BMR) give
three measures of thyroid activity. They are no more or no less accu-
rate than the basal metabolic rate; but they deviate under different in-
fluences and, when properly interpreted, give valuable diagnostic and
therapeutic information. Protein-bound jodine (PBI) is an index of
the amount of jodine, united with protein, that is contained in body
fluids; it represents the quantitative measurement of iodine, of thy-
rorin and related compounds circulating in the blood stream. If the
patient has received neither jodine nor thyroid extract, the serum PBI
concentration is an accurate measurement of the level of thyroid
activity. The normal range of PBI is 3.5-8 ug./100 ml of serum.
Values above this figure indicate thyrotoxicosis; values below, hypo-
thyroidism. The determination is meaningless if the patient has taken
iodine-containing substances (cough syrup, x-ray contrast media, etc.)
within weeks or months of the test.

The radioiodine (1!*!) uptake depends on the amount of radio-
active jodine which is stored in the thyroid over a definite period of
time, and is correlated with the functional state of the gland and the
iodide pool (Fig, 116). The amount of radioactivity can be deter-
mined by the use of a directional counting device. The normal range of

uptake is 10-30 per cent in four hours and 2040 per cent in twenty-
four hours,

CrinicAL FINpINGs

Four types of goiter are recognized clinically, as follows:

Drruse Nonroxic Gorrer—Diffuse nontoxic goiter occurs pre-
dominanﬂy in females during early adult life. The gland is uniformly
en?arged, smooth and of normal consistency. The BMR is normal.
Mild pressure symptoms or nodular goiter may develop. Surgical
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treatment is sometimes indicated for cosmetic reasons. Iodine prevents
the development of colloid goiter. It may also cause regression of the
size of the gland.

Noburar Nonroxic Gorrer.—There may be an isolated nodule
(adenoma) m thyroid tissue, or diffuse nodularity with great vana-
tion in size and consistency of the separate nodules, but ne toue
mantfestations, although slight to severe pressure symptoms are com-
mon. Small, soft nodules may not always require removal, but those
which are firn or enlarging should be treated surgically. Solitary
nodules, especially in children and men, should be regarded with
suspicion and removed because of the relatively high incidence of
neoplastic changes in these masses, In most instances, carcinoma and
adenomatous goiter cannot be distinguished by clinical signs alone.

Nopurar Toxic Gorren.—In this condition the nodules are simiar
to those of nodular nontovic goiter but they may be firmer and more
fixed. They are encapsulated and show hyperplastic and 1nvolutional
aggregations of tissue often associated with eystie, calcific or hemor-
thagic degeneration. Qccasionally, malignant changes are found. The
symptoms of toxicity are generally delayed, often for ten to ﬁfte?en
years, and are milder than those of diffuse goiter. Slow progression
and insidious changes may result in cardiac decompensation wﬂ.h
auricular fibnllation (thyrocardiac). Pressure symptoms, especially in
the intrathoracic substernal type, are common. Intrathoracic gmteir 15
usually nontoxic. The treatment of nodular goiter is primanly SU’g‘ml;
but, if necessary, antithyroid drugs and iodine can be used before
operation, in order to achieve a eukhyrm’d state. .

Drrruse Toxic Gorren—Diffuse toxic goiter has no relation fo
endemic goiter. It is thought that some stimulus produces thyroid
hyperplasia with excessive production of thyroid hormone. The' onset
of thyrotoxicosis may be associated with a severe emotional disturb-
ance, certain infectious discases or extreme fatigue, Females are most
commonly afflicted in early adult life. .

In diffuse toxic goiter the gland is smooth, firm and sometimes
tender, It may or may not be enlarged. Increased circulation may be
associated with a thrill or bruit over the thyroid.

The clinical course of diffuse toxic goiter is marked by exacerba-
tions and remissions. Every cell and all body systems may be affected.
The most outstanding climcal changes are: nervo , tremor and
emotional instability; weight loss in spite of excesstve food intake;
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muscular weakness; tachycardia, dyspnea and other cardiac manifesta-
tions; intolerance to heat; excessive sweating; and the eye signs of
goiter, inclyding evophthalmos, widening of the palpebral fissure, lid
lag and inability to converge.

MEDICAL TREATMENT AND RADIATION 1N ThYROID DISEASE

Although not always practicable, treatment for the patient with
thyroid disease is best determined by a combined medical group,
consisting of internist, surgeon and radiotherapist. Surgical treatment
once constituted the only proved method for the treatment of goiter.
Now, other effective measures are widely used. The antithyroid drugs
and radioiodine have had extensive clinical use. Nodular goiter con-
tinues to be primarily a surgical problem. Tovic diffuse goiter may be
treated either by operation or by the use of radioiodine. Antithyroid
drugs are used in selected cases, but recurrent hyperthyroidism has
been observed in about 30 per cent of cases when the drugs are dis-
continued. At the present time, all methods of treatment are directed
at the target organ, the thyroid gland. In the preoperative preparation,
thiouracil derivatives and jodine are the basic drugs.

The thiouracil compounds are most useful for preoperative, rather
than definitive, treatment, They block the combination of iodine and
tyrosine which normally forms di-iodotyrosine in the acinar cells.
Associated with the blocking effect, there is an intensification of the
thyroid stimulating action of the anterior pituitary (TSH) on the
thyroid cells. The effect of thiouracil and related drugs on the thyroid
histologically is the opposite to that of iodine. These drugs produce
an increase in all aspects of hyperplasia, mcluding an increase in the
number of mitotic figures, an increase in papillary infoldings, a de-
crease in the amount of stored colloid, an increase in lymphoid tissue
and increased vascularity. Iodine will decrease or inhibit the hyper-
plastic effect of thiouracil. Advantage of this fact is taken in pre-
operative preparation, when iodine is administered for a short period,
usually seven to fourteen days, to make the gland less vascular anci
to make operation easier.

The thiourea derivatives (thiouracil, propylthiouracil and Tapa-
zole®) are rapidly excreted and therefore must be given at re§u]ar
intervals in order to maintain therapeutic levels. When there is intense
hyperplasia and little stored colloid, the BMR drops faster than when
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histologic changes are less striking. Iodine produces a rapid, but often
incomplete and brief, remission of thyrotoxicosis. It causes a reduc-
tion of thyroid hyperplasia with the storage of colloid, and it prevents
thyroxin secretion for a short period of time. Iodine has long been
used in preoperative treatment of thyrotoxicosis.

Radioiodine is taken up by the thyroid cells, which then are
subjected to radiation. The effect is produced by high-energy beta
radiation with a relatively short penetration of not more than 2-3 mm.
The possibility of late neoplastic changes due to such radiation has
not been ruled out, although the hazard would not seem to be great.
The more hyperplastic the goiter, the more radiosensitive it is. Nodu-
lar goiters are often more resistant. Radioiodine can be given in a
single dose or in multiple doses. About three months is required for
the full radiation effect to become apparent. Radioiodine finds 1ts
greatest usefulness in the treatment of selected patients with diffuse
toxic goiter, recurrent hyperthyroidism, thyrocardiac disease, severe
exophthalmos and differentiated forms of thyroid cancer and in the
treatment of those who are poor operative risks.

The basic objective of preoperative management is to bring the
patient to a euthyroid state and to reduce the nisk of surgical treatment
to a minimum. X

The reduction 1n metabolic rate is achieved by the administration
of antithyroid drugs (e.g., propylthiouracil in divided doses of 300~
600 mg./day for three to ten weeks). Ten days to two weeks before
operation, iodine therapy is given to produce involution and decreased
vasculanty of the thyroid (Lugols solution, 0.6 ml. three times a dax)

A high-calorie diet, rich m carbohydrate and high-quality protein,
supplemented with vitamins (especially B complex) mn adequate
amounts is prescribed.

As the antithyroid drugs induce a remission, the pulse rate \"VlU
show a significant reduction and other signs of toxicity will dlmlnl,Sh-
The thiouracil drugs occasionally produce complications, including
agranulocytosis, fever, leukopema, nausea and vomiting, and derma-
titis. They should be used with care. Physical and mental rest, seda-
tives if required, and frequent return visits are in order. Under such
treatment the decrease m the BMR will average above 1 per cer}! a
day. Thus, a patient with a BMR of plus 60 will require about sixty
days of treatment to reach a euthyrod state.
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SuncIcAL TREATMENT OF FIXPERTHYROIDISM

Surgical management consists in preparation until the euthyroid
state is realized, proper selection and administration of anesthesia,
meticulous surgical technic and good judgment as to the amount of
thyroid to be remaved, an appreciation of the operative hazards and
knowledge of how to aveid them, and a determination to continue
care until the patient is restored to health.

Thyroidectomy for hyperthyroidism is a well-established opera-
tion, Only a small segment of each thyroid lobe is preserved. The
amount of thyroid tissue preserved is a matter of nice judgment:
resection of too much is followed by hypothyroidism; of too little, by
hyperplasia of the remaining tissue and recurrent hyperthyroidism.
Care must be taken to avoid injury to the parathyroid glands and
the recurrent laryngeal perves. Many surgeons demonstrate the nerves
at operation, believing that “if you can see them, you will not hurt
them”; while others prefer to guard against injury by avoiding the
area where the nerves are normally located.

Unusual vascularity of the thyroid or inadequate control of bleed-
ing may lead to serious operative or postoperative trouble. Attention to
hemostasis beyond that usually required in other operations is essen-
tial; for the neck offers little resistance to continued bleeding, and
the dangers of asphyxia from tracheal compression are very real.

Posrorerative CaRg

In the postoperative care, the fo]]owing factors are important:

L. The relief of pain usually calls for opiates, as needed. The
barbiturates and paraldehyde may be used for supplementary seda-
tion,

2. The flud intake must be adequate. Usually the patient is able
to take oral fluids soon after operation. The diet should be increased
as tolerated. .

3. The semisitting position in bed is most comfartable. Ambula-
tion should he started the day after operation,

4. The dressing should not be applied tightly. If drains are used
they should usually be removed after twenty-four hours. )

5. Oxygen, if necessary, should be given by nasal catheter. Fever
and an unusually rapid heart rate may call for an oxygen tent, which
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provides a cool and comfortable environment for the dyspneic and
restless patient.
6. Antithyroid therapy is rarely needed postoperatively.

PosTOPERATIVE COMPLICATIONS

The outstanding postoperative complications follow:
Postorerative  Hestomutace—Hemorrhage should be suspected
1f sudden dyspnea, cyanosis and collapse occur. There may be tracheal
compression by a hematoma. Prompt action is necessary if the patent
is to survive. The danger of asphyxia, rather than blood loss, 15 the
major and 1mmediate concern. Hemorrhage may be rapid, e.g., owing
to shppage of an arterial ligature, or slow and progressive if from
many small vessels. Venous bleeding may be extensive and can also
cause acute respiratory embarrassment. The dressing should be
removed and the wound opened without delay. While aseptic con-
ditions should be used if possible, it should be realized that this is
an emergency condition and that delay is dangerous. Precious time
should not be wasted by moving the patient to the operating room if
there is impending ainway obstruction. Instead, a sterile forceps or a
gloved finger should be introduced and the hematoma evacuated.
Bleeding is usually controlled by packing with hemostatic substance
or gauze. Secondary ligation of vessels is necessary in hemorrhage
from major arteries. Unless prompt relief of a tracheal obstruction
occurs, intubation or tracheostomy is required without delay. .
RECURRENT LARYNGEAL NERVE INjury.—Unilateral injury results in
immobility of the cord, usually in the midline position. The voice may
be weak or hoarse. If voice changes are noted immediately nffer
operation, nerve damage is probable and may be permanent; if voice
changes develop Iater, edema is the most probable cause and return of
function is likely. In unilateral nerve injury there is no specific method
of treatment. .
Bilateral nerve paralysis is an uncommon but serious complication-
The cords may be fixed in the midline, so as to produce nam)\v.ing ‘?i
the rima glottidis, with stridor and signs of asphyxia. The patient 15
unable to speak. Edema of the larynx may accentuate the difficulty
and force immediate tracheostomy. In some cases, respiration can be
supported by an oxygen-helium misture, but tracheostomy must not
be postponed if obstruction of the airway persists. .
Bilateral nerve paralysis may sometimes lead to late respiratory
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obstruction, which appears after a period of several months as contrac-
ture occurs and the cords approach the midline. “Crowing” breathing
and marked dyspnea on exertion then occur. Operative procedures di-
rected toward widening the rima, such as an arytenoid excision, then
become necessary.

PostoPERATIVE Paratiyrom TETANY.~Operative injury to the
parathyroids, with edema and ischemia, or occasionally accidental
removal results in symptoms of tetany due to hypocalcemia in from
twelve to forty-eight hours. The symptoms are duc to increased
neuromuscular irntabihty and consist of restlessness, irritability,
paresthesias of the estremities, pain and spasm of muscles and
tachycardia. Examination reveals twitching of the upper lip when the
facial nerve is stimulated by tapping (Chvostek’s sign) and car-
popedal spasm that is aggravated by constricting the arm with a
blood pressure cuff (Trousseau’s sign). The serum calcium is below
the normal level of 8,5 mg./100 ml; the serum phosphorous is ele-
vated above the normal level of 5 mg./100 ml. No calcium is excreted
in the urine (Sulkowitch’s test). The laryngospasm of tetany maust be
differentiated from obstructive dyspnea due to other causes, such as
recurrent nerve paralysis, tracheal collapse or postoperative hemor-
rhage, or edema.

Intravenous calcium, lactate or gluconate will relieve the acute
symptoms. It is well to draw blood for calcium and phosphorus
determinations before calcium is administered, in order to confirm the
diagnosis. In most cases, parathyroid tetany is temporary. If chronic
tetany develops, carefully planned management includes: restricted
activity, a high-calcium and low-phosphorus diet, vitamin D and, in-
frequently, dihydrotachysterol (A. T. 10). Because of antihormone
effects, parathyroid extract will relieve symptoms only for short
periods. It is rarely used.

MarieNaNT ExoPHTHALMOS.~Exophthalmos may regress, remain
stationary or Increase after operation. When progressive exophthalmos
develops and vision is threatened, operative decompression for the
relief of intra-orbital tension must be considered.

THYROID Sromr.—Postoperative toxic crises do not occur when the
patients have been adequately prepared and are in a euthyroid state
at the time of operation. The complication of toxic crises is a serious
and sometimes fatal accentuation of hype}thyroidism occurring after
operation. While formerly common, it is now rarely seen. There is
nervousness, restlessness, nausea and vomiting, diarthea and marked
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tachycardia. The patient becomes delirious and unmanageable. The
body temperature rises rapidly to 105° F. or higher. Death is due to
cardiovascular collapse or hepatic failure. Supportive measures in-
clude: sponging, cooling enemas, sedatives, morphine, oxygen, intra-
venous dextrose, iodine and ACTH or cortisone.

PostoreraTIVE MyxevEMa.~Hypothyroidism of varying degree fol-
lows excessive surgical yemoval of the thyroid or 133! overdosage.
Thyroid substance is given as replacement therapy. Such manage-
ment is indicated after radical operations for thyroid cancer.

Recunrest Toxic Gorrer~Toxic goiter may recur when insuf-
ficient thyroid tissue has been removed. Under these circumstances,
I'#2 administration should be considered because there is a relatively
higher incid of complications following lary operations, as
compared to primary operations.

CArciNOMA OF THE THYROID

The subject of thyroid cancer has received increasing attention
in recent years. Much of the discussion has concerned such issues 2
the relation of isolated nodules of the thyroid to the pathogenesis of
carcinoma, the problems of clinical and pathologic diagnosis, the
unexplained variations in the clinical behavior of thyroid tumors and
the indications for, and application of, surgical, radiation and hormonal
alteration therapy in the management of this disease. Some of these
issues will be considered in this discussion.

Cancer of the thyroid occurs at all ages. The mean age in a group
of patients studied at the University Hospitals of the State University
of Towa was 46.7 years. Some of the cases were seen in childhood :m.d
early adult life. In the childhood group, one out of three masses i
the thyroid gland proved to be malignant.

While the incidence of goiter (both toxic and nontoxic) is sevel
to one in favor of females, the incidence of thyroid cancer 1s about
the same in men and women. It is apparent, therefore, that the odds
in favor of a mass in the thyroid being cancer are greatest in children
and men.

Many wnters have emphasized that the single nodule of the
thyroid is most likely to be or to become malignant. While this m'ﬂ)’
be true, it does not mean that multinodular goiters are necessarily
benign. Glands which are the site of diffuse adenomatous change.S
may also be malignant. Of some importance to clinical diagnosis i
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the fact that cancer is almost never associated with diffuse toxic
goiter; also, it is rare in nodular toxic goiter.

PamoLocy.—The following classification of thyroid cancer, which
has been suggested by Warren and Meissner, is based on pathologic
findings and correlated, to some extent, with biologic behavior, re-
sponse to treatment and prognosis:

Differentiated tumnors Undifferentiated tumors
Follicular carcinoma Small cell carcinoma
Papillary carcinoma Giant ccll carcinoma

Misccllaneous tumors
Epidermoid carcinoma
Hurthle cell carcinoma
Fibrosarcoma

The differentiated tumors are most common in young people
(before age 40) and often follow a relatively prolonged course. Some
of them elaborate colloid and show an avidity for jodine. They are
usually more amenable to treatment and have a better prognosis than
the undifferentiated tumors.

The undifferentiated tumors tend to occur with greatest frequency
after the age of 40. They preduce na colloid, grow rapidly and invade
diffusely. The cure rate is low, but prolonged survival with the disease
1s common. Epidermoid cancers of the thyroid are very rare and
highly malignant. Hiirthle cell cancer is uncommon but not rare. It
presents an unusual histologic picture of altered epithelial cells re-
sembling liver parenchyma and behaves more like the differentiated
tumors. Fibrosarcoma of the thyroid is very rare.

The histopathology of thyroid cancer shows great variation. Papil-
lary, follicular and structureless arcas (sheets of cells) are often
found in different areas of the same tumor, The usual histologic
criteria of malignancy may not be found on the microscopic sections,
and yet the behavior of the tumor indicates st to be a cancer. The
finding of venous invasion is sometimes the only criterion of a malig-
nant process. In some patients, capsular invasion or the presence of
metastases in cervical nodes may be the only indication that the mass
is in fact a cancer. In still others, tumor cells may be found in cervical
flod]t;s inl the nbs‘e'nce of a discemible primary tumor in the thyroid
;:s;:. ."I('lns condition, previously called “lateral aberrant thyroid,” is

clieved to represent metastases from a microscopic primary tumor

of the homolateral thyroid lobe.
myri?'ixaor:d,\g; Stons.—There are no early signs of cancer of the
Y presence of a nodule or nodules or of enlarged
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cervical nodes As in all other types of malignant disease, pain is a
late symptom. As the growth progresses, there may be a noticeable
increase in the size of the mass and fisation to the neck muscles and
hollow structures. Tightness and difficulty in swallowing and in
breathing may be observed by the patient. Later, there will be definite
dyspnea, dysphagia, recurrent nerve paralysis with hoarseness, marked

Fic. 117.—Carcinoma of the thyroid gland. Note the ctensive ol ement
The patient also had local and distant metastases.

induration of the neck and perhaps cervical, pulmonary or bone
metastases.

The cancerous thyroid gland (Fig. 117) is usually irregularly
enlarged, hard, nontender, nodular (either single or multiple) and
somewhat fixed to the surrounding structures. Similar changes may 139
found mn chronic thyroiditis, in hemorrhage into an adenoma or 1
advanced benign nodular goiter with degencration. When the patient
gives a history of a rapid increase in the size of a thyroid nodule
(i, within a matter of hours or days), the most Tikely explanation
is that a spontaneous hemorrhage has occurred into the nodule, but
this phenomenon can occur mn both benign or malignant tumors.

Thyroid cancer produces both lymphatic and blood bome
metastases. There may be a noteworthy discrepancy between the
known duration, size and histologic picture and the extent of the
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metastases. Small and benign-appearing tumors sometimes pr.(x-]ucc
widespread  dissemination, while large, infiltrating and vicious-
appearing, tumors remain confined to the neck. This points up the
need for a careful search for metastases in patients in whom the
diagnosis of thyroid cancer is entertained.

Dracxosis.—The diagnosis of cancer of the thyroid should be con-
sidered in all patients with a mass in the thyroid or enlarged lateral
cervical lymph nodes which cannot.be ascribed to other causes. Thus
the various local and systemic causes of masses in the neck should be
ruled out. An x-ray film of the chest is in order, to determine the
presence of mediastinal, pulmonary or bone extension. A complete
x-ray survey of the skeleton may also be indicated. Thyroid function
studies are generally of little value in differential diagnosis. The
patient is usually euthyroid, and there is likely to be little I** uptake
by the tumor; but occasionally the thyroid nodule has suflicient
avidity for iodine to indicate the possible effectiveness of 1'** in the
control of metastases or recurrences, should the nodule prove to be
malignant.

Needle aspiration biopsy of the thyroid has definite limitations
and, except in expert hands, is hikely to do more harm than good.
Unless this procedure leads to positive diagnosis, it is not helpful. It
would seem, therefore, that definitive diagnosis is best established by
operation and examination of the excised tissue. It is a fundamental
rule that one must avoid incising the tumor or breaking its capsule,
lest dissemination, or “seeding,” of neoplastic cells into the operative
field occurs. To avoid such a possibility, the entire involved thyroid
lobe is usually removed.

TReaTMENT.~Of the several modalities available for the treat-
ment of thyroid cancer, surgical extirpation remains the most promis-
ing. In certain localized carcinomas, complete removal of the involved
lobe (lobectomy) may be adequate. This problem often arises when
an operation has been undertaken for a benign adenoma of the
thyroid which is subsequently found to be thyroid cancer in the
ﬁ\ed-h'ss.ue sections. When the diagnusis of operable thyroid cancer
1s established preoperatively or at operation, total th)’rm'dectomy and
hodmol_aterid neck dxs.section must be considered. For bilateral cervical
Itlll: e '1(;1‘0 vement, simultaneous or stageq neck dls'section with total

yroidectomy has been done. In certain good-risk patients, both

cervilca; and superior mediastinal node dissection has been recom-
mended.
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Surgical treatment of undifferentiated thyroid cancers, which
comprise about 20 per cent of all thyroid cancers, is less predictable
and often ineffective. Although some patients appear incurable at the
time they are first examined, they may be benefited by operation. An
attempt should be made to remove the tumor and relicve impending
or existent obstruction to the neck structures. Occasionally, simple
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F1c. 118.—Results of I'** therapy of thyroid carcinoma. Surveys before surgery
indicated usual uptake 1n the thyroid region, with only very shght uptake 1n the
led the i

lung metastases. Histopathologic 1on to be mos‘t‘l‘y
papillary but with some follicle formation, A few of the follicles accumulated I ;
as ind d from rad hic studies Within a few months after removal o

the thyroud, the metastases m the lungs accumulated I to a satisfactory degree,
and I'** therapy was then mstituted Within a year, the iodine-accumulah{lg cells
were destroyed, and attempts to stmulate further activity with TSH and with pro-
pylthiouracil were fruitless G ly, therapy was d d. As the patient
has become myxedematous, thyroid extract 15 administered except when I'® tests
are done (twice a year) to determime whether further treatment 1s necessary. So far,
there have been no mdications, either from I'* studies or from clinical findings, that
carcinoma persists, { From Evans, T. C. ] Iowa M. Soc. 45:182, 1955 )

division of the thyroid isthmus may give a measure of relief. In the
later stages of the disease, tracheostomy is often required.
Radiotherapy is also used in the management of patients with
thyroid cancer External radiation is valuable for the control of local
extension in the neck and bone metastases. Radioiodine provides a
means for effective control of metastases (Fig. 118) in a small per-
centage of patients. The high hopes which were held by workers i
this field for the radioactive substances have not materialized bec:lu.Se
so few thyroid tumors exhibit an avidity for 1odine. Despite this,
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however, some striking results have been achicved, and patients
should not be deprived of the possible benefits of I'' when the
situation is such as to suggest it may be helpful. The jodine uptake in
some differentiated tumors can be increased by making the patient
hypothyroid. This is accomplished by performing total thyroidectomy
(which is frequently done for thyroid cancer), by giving antithyroid
drugs or by giving TSH. In each instance, an increase in circulating
TSH (either from endogenous or exogenous sources) results in stim-
ulation of the metastases to produce colloid and to increase the uptake
of 1'%, Thus a local radiation effect can be achieved.
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CHAPTER 27

The Breast

It 15 wise to accept with humility that however cxpenenced
tee are we cannot differentiate with certainty on clinical grounds
?

alone and early mali breast
discase. . . . We must become more and more
1t g mali; discase on less and

0
less clinical cvidence.~RippeLL (1948).°

DISEASES OF the female breast are very common in
clinical practice. Malignant and benign tumors, cystic mastitis and
functional complaints comprise the majority of conditions encountered.
OF these, the most important is cancer. It is the predominant malignant
tumor of the female, in the United States accounting for a high inci-
dence of morbidity and over 20,000 deaths yearly. Today, the main
hope for reducing this high toll lies in early detection and treatment
of all breast masses. To this end there is a need for continued public
emphasis on the importance of self-examination of the breast and
prompt medical attention for all abnormalities so discovered.

The problems which arise in connection with breast diseases in
general, and breast cancer in particular, encompass nearly the entire
field of neoplasia, From a teaching viewpoint, breast cancer is to
surgery what typhoid fever was to medicine a few generations ago-
Just as Osler, in his Textbook of Medicine, described many aspects
of typhoid which were applicable to the entire field of medicing; 50
a (horough understanding of breast cancer and its many ramifications
will serve the student as a foundation for the study of other surgacal
conditions.

°*Riddell, V.: Early diagnosis and treatment of carcinoma of the breast, Bnt.
M, J. 2:635, 1948.
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GENERAL CONSIDERATIONS

The breast is a modified sebaceous gland composed of fifteen to
twenty branching duct systems, each opening independently at the
nipple. From each main duct, branching lobular side ducts and
ductules communicate with the glandular tissue (acini). A fibrous
network (Cooper’s suspensory ligaments) and a varying amount of
fat give the breast support and form.

The female breast is a hemispherical organ extending from the
second to the sixth ribs vertically and from the parasternal to the
midaxiflary line horizontally, A triangular segment which extends
toward the axilla (axillary tail of Spence) provides a “tear drop,”
rather than a round, distribution of breast tissue on the chest wall.
The centrally located nipple, in which tiny duct openings may some-
times be seen, projects at right angles from the pigmented arcola.
Scattered throughout the areola are many small protuberances, called
the glands of Montgomery, which serve to lubricate the nipple during
lactation.

The breast is richly supplied with blood vessels. The chief
arterial supply comes from (1) the lateral thoracic artery from the
axillary artery, (2) the anterior perforating intercostals from the in-
ternal mammary artery and (3) the lateral perforating intercostals
from the corresponding intercostal arteries. The pattern of venous
drainage is, in general, similar to that of the arterial supply.

The lymphatics of the breast originate in the glandular tissue and
pass in the interlobular supporting tissue to the superficial lymphatic
plexuses of the skin and areola and to the deep lymphatic network
on the fascial planes of the muscles and chest wall. From these
channels, lymph is conveyed via communicating vessels (Fig. 119)
to lymph node aggregations located in the axilla and the anterior
mediastinum (internal mammary nodes). The lymphatics of the skin
of the breast form a continuous network with the lymphatics of the
skin of the surrounding region—ie., the chest, neck, abdomen and
the opposite breast. Blockage of the primary routes of Iymphatic
drainage causes shunting of lymph to other areas, including the
supraclavicular and cervical nodes, the node between the pectoral
muscles (Rotter’s node), the opposite breast or axillae, or the rectus
sheath, falciform ligament and peritoneal cavity,

The number and distnbution of the axillary nodes is such that
they serve as a relatively efficient lymph ﬁlten’ng system. The same
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is not true of the internal mammary nodes. This group consists of only
three to five small nodes, arranged in tandem and inaccessible except
on opening the chest wall,

Lymphatic drainage from the outer half of the breast and areola
15 predominantly to the axillary nodes. The inner half drains to either

Fi 119.—The lymph drainage of the breast. Note the two important primary
routes: to the axillary nodes and to the internal mammary nodes. Direct drainage to
the lavicular fossa, the breast and the lymphatics of the rectus sheath
and abdomen usually occurs late in breast cancer

(or both) the axillary and internal mammary node areas. It should
therefore be apparent that the routes of Iymph drainage of the breast,
and lLikewise those of dissemination of breast cancer through the
lymphatics, is subject to variation and often unpredictable.

The noticeable morphologic and physiologic alterations of the
breast which are controlled by the endocrine system (pnunar)",
ovarian and adrenal) can be correlated with the sex life of the indi-
vidual. In the young of both sexes, the breasts consist of sx'mpl.c
branching ducts without acini. In the female at puberty there is
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branching of the duct systems and formation of some acini. The male
breast remains almost unchanged throughout life.

The onset of menstruation, with ovulation and formation of the
corpus luteum, is associated with growth of the glandular tissue. In
the absence of impregnation, involution of the breasts occurs. These
changes are repeated with each menstrual cycle. Should impregnation
occur, extreme hyperplasia of the glandular and duct tissue follows.
Droplets of colostrum appear in the acini; and, following childbirth,
milk is produced. If Jactation is inhibited, involution of the breast
tissue follows. After the menopause, atrophy of the glandular, duc-
tular and supporting tissues occurs. Although the epithelial changes at
this time are predominantly those of involution, varying degrees of
hyperplasia are also found.

EXAMINATION

The history which the patient gives may suggest the nature of
the breast disturbance. For example: acute pain and swelling which
develop during lactation are probably due to infection and abscess;
cyclic pain and swelling are common in cystic mastitis; a serosan-
guineous nipple discharge suggests a lesion of the duct system; a
tumor which follows a severe blow to the breast may be an area of
traumatic fat necrosis; an isolated mass in a very young woman is
hkely to be a fibroadenoma; and a hard asymptomatic mass at any
adult age is possibly cancer. While the history is an aid to diagnosis,
the physician often gives too much weight to it, to the exclusion of
other findings.

The following points should be established:

1. Is there a dominant lump in the breast? If so, how was it

discovered? What symptoms, if any, changes in size; and rela-
tion to the menstrual cycle? Presence of a nipple discharge?
Has there been an injury to the breast? Any infections, opera-
tions or previous breast tumors? Record pregnancy and lacta-
tion history.
. Is there a family history of breast cancer?
Does the patient have symptoms suggesting metastases to the
skeleton, lungs, cranium, etc. If so, these areas must be
investigated.

The exammation (Fig. 120) should be conducted in a well-lighted
room with a nurse in attendance, if possible. It should be done in an

)
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: true of the internal mammary nodes. This group consists of only
to five small nodes, arranged in tandem and maccessible except
sening the chest wall,

ymphatic drainage from the outer half of the breast and arecla
«dominantly to the axtllary nodes. The inner half drains to either

3 119.—The lymph dramage of the breast. Note the two important primary
to the axillary nodes and to the internal mammary nodes. Direct drainage to
raclavicular fossa, the opposite breast and the Iymphatics of the rectus sheath
lomen usually occurs late 1n breast cancer.
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ing ducts without acini In the female at puberty there is
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branching of the duct systems and formation of some acini. The male
Breast remains almost unchanged throughout life,

The onsct of menstruation, with ovalation and formation of the
carpus luteum, is associated with growth of the glandular tissue, In
the absence of impregnation, involution of the breasts occurs, These
changes are repeated with each menstrual cycle. Should impregnation
occur, extreme hyperplasia of the glandular and duct tissue follows.
Droplets of colostrum appear in the acini; and, following childbirth,
mulk is produced. If lictation is inhibited, involution of the breast
tissuc follows. After the menopause, atrophy of the glandular, duc-
tular and supporting tissues occurs. Although the epithelial changes at
this time are predominantly those of involution, varying degrees of
hyperplasia are also found.

EXAMINATION

The history which the patient gives may suggest the nature of
the breast disturbance. For example: acute pain and swelling which
develop during lactation are probably due to infection and abscess;
cyclic pain and swelling are common in cystic mastitis; a serosan-
guineous nipple discharge suggests a lesion of the duct system; a
tumor which follows a severe blow to the breast may be an arca of
traumatic fat necrosis; an isolated mass in a very young woman is
likely to be a fibroadenoma; and a hard asymptomatic mass at any
adult age is possibly cancer. While the history is an aid to diagnosis,
the physician often gives too much weight to it, to the exclusion of
other findings.

The following points should be established:

1. Is there a dominant lump in the breast? If so, how was it

discovered? What symptoms, if any; ch‘.\ngcs in size; and rela-
tion to the menstrual eycle? Presence of a nipple discharge?
. Has there been an injury to the breast? Any infections, opera-
tions or previous breast tumors? Record pregnancy and lacta-
tion history.
g ther; a family history of breast cancer?
oes the patient have i
skeleton, E)ungs, I:raniusr{:nrt‘zttocr.nslfsu%ges?}?egsem:;z;mms o the
investigated, ’ s must be
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Fic 120.—Steps i the examination of the breast.
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unhurried, systematic manner, with due regard fnr. .lhc p:\(icm"s
modesty and apviety. During the examination the physician may m"ml
himself of the opportunity to explain and demonstrate self-examination
of the breast.

First, the paticnt should sit with the chest exposed, facing the
cxaminer. The breasts are inspected and compared for symmetsy,
contour, color, appearance of the nipples and arcolac, distribution of
the superficial veins and changes in the skin.

Next the patient is requested to “put your anns straight above
your head.” The examiner again looks for changes in symmctry and
contour. Then the patient is asked to “place your hands on your hips
and push down.” This maneuver causes contraction of the pectoral
muscles and may elicit or accentuate deformitics, particularly a
“dimpling” sign. The patient is now asked to “lean forward with your
amms in front of you.” The examiner supports the patient's arms and
inspects the breasts as they hang at an angle from the chest wall.
Previous unobserved alterations are often detected with the mancuver.

The nipples and areclac are then palpated and compressed for
fixation or discharge. Bimanual palpation of the breasts may also be
performed.

The axillac are examined with the patient still in the sitting
position. The examiner supports the patient’s forearm with one hand
while he palpates with his other hand. The patient’s arm and shoulder
should be relased and under control of the examiner. The arm is
moved to gain access to all portions of the axilla. Normally, no nodes
will be palpated, but small soft nodes are not necessarily abnormal.
One should compare the findings on the two sides before drawing
conclusions.

The patient is next placed on the examining table with a small
pilow under one shoulder. The pillow should elevate the shoulder
enough to rotate the breast inward or “pancake” 1t on the chest wall.
This maneuver places a relatively thin Jayer of breast tissue over a
wide area of chest wall and facilitates inspection and palpation. All
sectors of the breast are reviewed, compressing the breast tissue
agamnst the chest wall. The lateral half, including the axillary tail, is
first examined; then, with the patient’s arm extended above the he'ad
to tense the underlying fascia, the medial half is examined.
suboutancons it of s oo pommn constency smilr to the
nodularity, according ¢ ese person, There may be some diffuse

> g to the distribution of fat and fibrous and paren-
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chymal elements. A normal finding which is a frequent cause for
confusion is the condensation of fibroarcolar tissue inferiorly, where
the breast becomes confluent with the chest wall.

If there is discharge from the nipple, a smear should be made for
microscopic examination. It should be studied for red cells, pus cells
and exfoliated epithelium, When the smear is stained according to
the Papanicolaou technic, the clinical diagnosis of cancer will occa-
sionally be reinforced by a finding of abnormal epithelial cells.

Transillumination of a breast mass in a darkroom is an aid to
differentiation of cystic and solid masses. X-ray films for soft-tissue
detail and infra-red photographs for comparison of the superficial
veins of the breasts, are interesting, but rarely helpful, investigative
procedures.

Roentgenography of the chest should be routine when the diag-
nosis of breast cancer 1s considered. In the event that the clinical
findings suggest the possibility of distant metastases, survey films of
the spine, pelvis and skull are also in order. It should be pointed out
that inablity to d rate bone 1 on the x-ray films does
not necessanly exclude the presence of metastases.

CLINICAL CONDITIONS
Cystic DISEASE

Cystic disease (cystic mastitis, mammary dysplasia) 1s a common
breast condition which is believed to be the result of an endocrné
imbalance or an abnormal response to endocrine stimulation. It occurs
in microscopic or gross form in many supposedly normal patients, I
whom 1t may be considered a physiologic, rather than a patholog'lC,
condition. Pathologically, cystic disease 1s characterized by epithelml
hyperplasia, cyst formation and interstitial fibrosis, One or more of
these changes are usually promment, but in nearly all specunens the
other changes can also be demonstrated. The alterations in epithelium
and the fibrous tissue are probably the result of an exaggcmted
hyperplasia-involution process.

Cystic disease occurs m both nulliparous and parous women, \vlfo
are usually between 30 and 50 years of age. Some patients complain
of pain in the breasts which is most severe during the premenstrual
phase of the cycle. The pain may be localized or diffuse. Sometimes
the pain radiates into the shoulder or arm, where it is quite disabling.
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Associated swelling and tendemess of the breasts are common. Other
patients complain simply of a mass or masses in the breast; and still
others have no subjective complaints, but the breasts are found to
De nodular, bard or ropy. These changes are considered a part of the
same process.

The clinical findings are variable. Both breasts may be diffusely
shotty or granular, or there may be isolated arcas of lobular thicken-
ing or cyst formation. Sometimes a single round, isolated mass which
1s said to vary in size with the menstrual cycle is found. The examiner
may find several other masses (cysts) not previously observed by the
patient. The cysts may be discrete or conglomerate, soft or hard,
tender or nontender. There is no tendency to skin fisation or retrac-
tion, and the axillae are generally negative. Nipple discharge is
unusual.

Cystic discase is commonly the source of great discomfort and
frequently cancerphobia. Although the risk of cancer development in
patients with cystic disease is probably not significantly greater than
it is for women with normal breasts, the hx'gh incidence of cancer in
this age group is such as to warrant biopsy in the majority of cases.

Excision of the breast cyst or the area of localized induration is
usually adequate. The excised tissue should be immediately examined
by a pathologist. Rarely will there be found an unusual degree of
epithelial activity which fulfils all the criteria of 2 malignant condi-
tion except for invasion. Some pathologists regard such changes as
premalignant. Under these circumstances, and particularly if there is
a strong family history of breast cancer, simple excision of the breasts
must be considered.

After the diagnosis of cystic disease has been established, the
patient should be re-examined periodically and treated symptomati-
cally. If necessary, an uplift brassiere should be sccured. During
pen:uds when the p_ain is severe, hot (or cold) applications, nnalc:
gesics and rest are indicated. Aspiration of recurrent breast cysts is
recommended. Generally, hormone preparations give only transi
relief and may be dangerous. They sh & Y an sitory

L y should not be used. With the
menopause the symptoms tend to regress.

FIBROADENOMA
The fibroadenoma oceurs

redominantly i
years of age). Typically, > tenden, fsomtels froqe™ (20-35

it is a nontender, isolated, freely movable
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and “poppable” marble-ltke mass, It arises from the ducts and con-
tains both fbrous and epithelial elements, as the name indicates. Fibro-
adenomas vary in size from a few millimeters to several centimeters.
Local excision is adequate treatment, but new primary tumors may
appear. Sarcomatous degeneration is unusual but leads to a large,
nodular type of tumor known as “cystosarcoma phyllodes.”

Ducr PAriLLoMA

Duct papillomas are most often encountered during the meno-
pause Often, they cause a serous or serosanguineous nipple discharge.
They generally arise in the terminal ducts near the nipple or areolae;
and they tend to be small, soft, single or multiple growths with frond-
like projections. Frequently, they cannot be located by palpation
alone Under these conditions, if the various sectors of the breast are
tested by applying point pressure, the appearance of a nipple dis-
charge will indicate the probable location of the papilloma. Simple
excision is adequate unless the tumor is found to be malignant (papi
lary carcinoma).

Traumaric FAT NECROSIS

Traumatic fat necrosis should be suspected when a fixed mass
appears in the breast shortly after the patient has sustained a signifi-
cant injury. Often the patient is onc who has large and penduIFuS
breasts. The injury may be the result of having been thrown agmr_\st
a steering wheel. Immediately following the injury there is pain,
swelling and a “black and blue” area, Later, a hard irregular r{lﬂSS
appears. The mass consists of saponified fat hberated from devxtaln'zcd
fat cells, the products of inflammation and calelum scaps. The clinical
signs are often strongly suggestive of carcinoma, and excisional biopsy
is necessary for diagnosis.

Prassta CeLL MAsTTTIS

An uncommon bcm’gn lesion of the breast, which also may bear

a close resemblance to cancer, is plasma cell mastitis. It usually
occurs in parous women and may be associated with chronic mpple
discharge. The discharge is serous or purulent, rarely bloody. The
breast is nodular, thickened, irregular and may contam 2 hard, fixed
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mass. The presence of enlarged anillary nodes may further support
the clinjcal diagnosis of cancer, The diagnosis is established by biopsy.

Plasma cell mastitis is probably caused by the irritant effect of
retained breast sccretion, especially the lipid fraction. There is dilata-
tion and atrophy of the ducts, with a varying degree of stromal reac-
tion, coincident with the appearance of the irritant material beyond
the ducts. Large numbers of plasma cells are found in these arcas.
Haagensen has suggested that the condition be called “mammary duct
cetasia” in keeping with its pathologic features.

Breast ABSCESs

Acute infections of the breast are unusual except during preg-
nancy and lactation. The principles of treatment are those which are
common to all infections. They include: localization of the infection;
dependent surgical drainage, when indicated; antibacterial therapy;
and closure of the defeet, when necessary. Chronic infections some-
times result from inadequate treatment of acute infections and rarely
are caused by organisms of the chronic granuloma group. Tuberculosis
of the breast is generally secondary to a pulmonary infection.

It is necessary to consider the possibility of a breast cancer
(inflammatory type) masquerading as a breast infection when a portal
of entry for bacteria cannot be demonstrated and when a mass which
could represent a deep abscess appears in the breast during pregnancy
or lactation. Under both conditions the diagnosis must be established
by biopsy.

CANCER

Breast cancer constitutes about 25 per cent of all cancer arising
in women and about 18 per cent of all deaths from cancer in women;
1ts peak incidence occurs between the ages of 40 and 70 years, \vit};
the mean age of onset being 57 years. It does not occur in the
prepubertal breast, and it is rare before the age of 25. The incidence
thereafter increases throughout the entire life span of the individual

Breast cancer is more frequent in women who have pever beer;
pregnant than in those who have bome children.
be a hereditary tendency is suggested by the fa
occurs more frequently in the families of breast
in the general population.

That there may also
ct that breast cancer
cancer patients than
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The cause or causes of breast cancer are unknown. The disturb-
ance which initiates the abnormal growth may be related to hor-
monal, genetic or viral influences. Benign neoplasms of the breast are
probably not a determining factor. Some forms of cystic mastitis
(mammary dysplasia) may play a role in the pathogenesis of breast
cancer, but this remains an unsettled issue, Local injury to the breast
is not regarded as a cause of breast cancer. Frequently, however, the
patient will associate an injury ta the breast with the discovery of a
breast mass. While this circumstance might suggest a causal relation-
ship, such an association is probably coincidental. The injury may
simply serve to call the patient’s attention to a pre-existing mass.

Breast cancer occurs infrequently in the male, the ratio being
about one male to one hundred females. The pathologic features and
treatment 1n the male are similar to those in the female.

In most neoplastic disease, there is a correlation between the
duration and size of the tumor, the degree of cellular differentiation
and mvasiveness and the curability or prognosis. In cancer of the
breast, however, these correlations are less well established and can
rarely serve as a basis for prognostication. For example, one patient
with a large undifferentiated tumor of long duration will remain w.ell
indefinitely after radical mastectomy, or will survive many years with
known distant metastases; while another with a small, localized, and
presumably early, differentiated tumor will die within a few months
from distant metastases which appear shortly after operation.

In this regard, MacDonald has called attention to “biologic pre-
determinism” or the set growth pattemn inherent in the tumor from its
incipiency. According to this view, some patients with breast cancer
are incurable by any form of treatment, some are curable by less than
radical operation and some are curable only by radieal mastectomy.
The maximum theoretical curability rate according to MacDonald s
calculations 1s about 45 per cent of any series, a figure which approxi-
mates the over-all salvage rate in this disease.

Most breast cancers arise from ductal epithelium; the remm'nde'r,
from acinar epithelium. All induce a vanable degree of reaction in
the supporting fibrous tissue (desmoplasia). Cancers which exhubit
marked ﬁbrcus tissue reaction are most common ﬂnd are cal]ed
scirrhous carcinoma; those which contain a paucity of fibrous tissuc
are called medullary carcinoma. The former is hard, fixed and puck-
ered; the latter, rubbery, movable and bulky. Sometimes the cancer
cells secrete mucin, in which case the tumor is a mucinous or colloid
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cancer. Paget's discasc of the breast is chamcterized by an cezematoid
cruption of the arcolae and nipple from jnfiltrting cancer of the
breast, Inflammatory carcinoma derives its name from the inflamed
appearance of the breast pmduccd by widespread invasion and block-
age of lymphatics by cancer cells.

The gross chamcteristics of scirrhous carcinoma are quite typical.
The tumor is iregular, infiltrating and wually wouody i consisteney.

3
Fic, 121.—Common sites to which cancer of the breast metastasizes: axiila,
tcular area, mediasti ’ :

D lungs, Iner and sheleton. The s) 1 to the skele-
ST a 1 pread to the skele:
s?\r;\:ﬁler girl:l‘l‘cc‘n‘ ncj tsl‘\:::lﬁ?mc, pelvis and upper end of the femur, as well as the nbs,

R . . .

\llgen ;ut, 1t gives a peculiar gritty sensation, like that of an unripe

[';1 : ;e is\c cu(tl.surfacc{) is covered with yellow dots and white streaks.

1 no distinct boundary between the

v oo ry n the tumor and the surround-

The mi N . .

diagm:(s:ismmfrosco}y:l: picture is variable, but histologic criteria for the

m;\rknble‘\) C nfmhg‘nant process are demonstrable. There is a re-

olis ( 1eo::“c oh.umformnty in the size and shape of the epithelial

abnonSal dorp ism), as well as a loss of normal ccll polarity. An
egree of cell division is indicated by the presence of
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numerous mitotic figures. The neoplastic cells also take a deeper stain
than do normal cells, or are said to be “hyperchromatic.” Finally,
there is evidence of invasion of normal tissues.

Breast cancer spreads by continuity and to distant areas by
embolization and permeation. Lymphatic spread is largely a matter
of embohzation thiough lymph channels to regional nodes and thence

Fic. 122.—Roentgenogram showing metastatic cancer of the ‘Pelvxs and upper
end of both femurs from a carcinoma of the breast Note the “moth-eaten” ap-
pearance

to more distant nodes. Occasionally, invading cancer cells enter
lymphatics and grow or permeate along the channel, forming cordlike
prolongations away from the mam tumor. Blood-borne metastases are
carried through veins by embolization, Cancer cells may gain entry
to veins of the tumor or may enter the blood stream at pomts where
the Iymphatic and venous systems unite (e.g, mn the supraclavufulﬂr
region, at the junction of the internal jugular and subclavian veins).
Tumor emboli which enter the venous system are widely distnbu.ted
but appear to survive and grow best m the lung and skeleton (Figs.
1921 and 122).



—
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Fic. 123 {aboce).—The retraction sign {dimpling sign) mn cancer of the breast.
Note also the inverston of the nipple

Frc. 124 (below).~“Pigskin” appearance of the breast in advanced mammary
cancer.

Cuinicar Siens.—In addition to a mass, the following signs are per-
tinent 1n the diagposis of breast cancer:

Retraction.—The retraction or dimpling sign (Fig. 123) is the
most important single sign of cancer of the breast. It is caused by the
contraction or shortening of the fibrous supporting stoma (Cooper’s
suspensory ligaments) as 1t becomes involved by the cancer. As the
skin is pulled inward, the area is flattened or actually dimpled. If the
tumor lies near the mpple, its axis may be altered or the nipple may
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numerous mitotic figures. The neoplastic cells also take a deeper stain
than do normal cells, or are said to_be “hyperchromatic.” Finally,
there is evidence of invasion of normal tissues.

Breast cancer spreads by continuity and to distant areas by
embolization and permeation. Lymphatic spread is largely a matter
of embolization through lymph channels to regional nodes and thence

o
P

FIc. 122.—R; showmg cancer of the pelvis and upper
end of both femurs from a carcinoma of the breast. Note the “moth-eaten” ap
Dpearance.

to more distant nodes. Occasionally, invading cancer cells entcr
lymphatics and grow or permeate along the channel, forming cordlike
prolongations away from the main tumor. Blood-borne metastases aré
carried through veins by embolization, Cancer cells may gain entry
to veins of the tumor or may enter the blood stream at powts \'vllel‘e
the Iymphatic and venous systems unite (e.g., in the supmclavxculm'
region, at the junction of the mternal jugular and subclavian vems).
Tumor emboli which enter the venous system are widely distributed

but appear to survive and grow best in the lung and skeleton (Figs.
121 and 122).



Fic 125 (abore).—Bloody discharge from the mipple in a patient with cancer
of the breast. She previously had had a radical mastectomy on the opposite side for
the same disease The second tumor was considered another primary cancer, and
not the result of metastases.

Fic 128 {below).~Carcioma of the nght breast with extensive skeletal metas-
tases ‘The patient had been treated for chronic backache for several months hefore
the breast tumor was discovered Note the deformity of the shin of the breast, the
prominence of a superficial vein and the retraction of the lateral portion of the
areolae which appeared when the patient contracted the pectoral muscles.
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become inverted. With a change in the axis of the nipple, the nipple
is smid to “point” in the direction of the tumor.

Edema of the Skin.—The skin over the tumor sometimes resembles
“pigskin” (Fig. 124) or “orange peel.” This change in appearance is
due to blockage of the subdermal lymphatics by cancer cells and to
swelling of the skin between fixed points where it is anchored by the
skin glands. Edema of the skin is an ominous sign and, if extensive,
suggests incurability,

Nipple Discharge.—Infrequently, cancer of the breast causes an
abnormal nipple discharge (Fig. 125); and when it docs, the dis-
charge is usually blood stained. A discharge is most likely to be due to
duct papilloma, cystic disease or plasma cell mastitis.

Inflammation.—Signs of inflammation are unusual in cancer of ’t,he
breast. The clinical type of cancer known as “inflammatory cancer is
an exception. In this condition the breast is swollen, painful, tem’ier,
red and hot. There is no associated suppuration or systemic reaction.
The changes are the result of rapid widespread involvement of the
breast lymphatics and blood vessels. i

Eruption of the Areola and Nipple.~When chronic, this condition
indicates the presence of an underlying breast carcinoma until pl:O\'ed
otherwise. The superficial breast changes are the result of intra-
epithelial and lymphatic spread of the tumor. Oftentimes the skin
lesion has a tendency to heal partially, then to recur and progress.
A biopsy of the superficial lesion should always be made even though
there may be no palpable tumor of the breast.

Satellite Nodules—Tumor implants in the skin occur in ndvanc.ed
untreated and treated breast cancer. They are often seen in the region
of the mastectomy scar months or years after operation. They are
firm, fixed masses of variable size located in the skin and subcutaneous
tissue, which often undergo necrosis and ulceration.

Fixation of the Breast.—Neoplastic mvasion of the fascia, muscles
or thoracic wall causes fixation of the breast, In advanced cancer the
breast is shrunken (Fig. 126), diffusely hard and immobile. The
tumor may extend by infiltration to encircle a wide area of chest wall,
giving it an appearance suggestive of body armor, called cancer on
cuiirasse by the French.

Ulceration.—The skin over the tumor may ulcerate as & result of
invasion, pressure necrosis or injury. When ulceration occurs, second-
ary infection follows. The clinical signs of infli tion are then
superimposed, and it may be difficult to determine the actual extent
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presence of incurable discase. Hadical surgical treatment under these
circumstances is generally contraindicated beeause it :\CL‘m?ll?‘is\lcs
nothing—in fact, it is usually hannful, Patients who exhibit the
following signs are classified as “categorically inoperable™ by Haagen-
sen and Stout:

—

. When the carcinoma dev elops during pregnancy and lactation
(Note.~There are rare patients who may be benefited by snrgical
treatinent.)

. When there is eatensise edema of the skin over the breast

When satellite nodules are present in the shin over the breast

When intercostal or parasternal nodules are present

When there is edema of the arm )

When proved metastases are found in the supraclavicolar nodes

. When the carcinoma is of the inflammatory type

. When distant metastases are demonstrated in the Yungs or bone

. When tiwo or more of the following signs are present:

a) Ulceration of the skin

b) Edema of the skin of Jimited eatent

¢) Sold fixation of the tumor to the chest wall

d) Axillary nodes measuring 2.5 cm. or more and proved o contain
metastases by biopsy

e) Fb(xflﬁo“ of the axillary nodes to the skin or deep structures of the
axilla

Dl D12

S %

Surcicar TrearMeNT.~Excision of breast masses should be under.
taken only when all arrangements have been made for immediate
pathologic examination of the specimen (frozen section if nccessary)
and for performing radical mastectomy, if indicated. When this rule
is violated, the patient’s chances for cure are jeopardized unneces-
sarily.

The biopsy specimen is obtained after the patient has been
placed under general anesthesia. Depending on the size and accessi-
bility of the mass, it may be excised or a small segment may be re-
moved by incision, It is usually advisable to await the pathologist’s
teport before proceeding with radical mastectomy, despite the fact
that the diagnosis may be apparent. The report should be available
within ten minutes.

If the lesion is benign, simple excision and closure of the wound
1s often adequate. If the tumor is malignant, the wound is closed and
sealed off and the operative field is reprepared. Radical mastectom
%s then undertaken, using a fresh surgical setup to guard against the
implantation of viable cancer cells from the biopsy wound to the
mastectomy wound,

The conventional radical mastectomy embodies the principles of
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of the cancer. It is a common error to associate ulceration with far
advanced cancer because the clinical signs of cancer and inflammation
are quite simlar.

Enlarged Axillary Nodes.—Single or multiple, hard and fixed axil-
lary nodes associated with the signs of cancer of the breast warrant
a presumptive diagnosis of axillary metastases. However, the absence
of palpable axillary nodes does not necessarily mean the absence
of metastases. It is well known that in the clinical examination of the
axilla grave errors occur in both directions. Clinically positive nodes
are found to be histologically negative in about 15 per cent of
patients, and clinically negative nodes are histologically positive i.n
33 per cent of patients, It is apparent, therefore, that certain diagnosis
depends on histologic examination of the nodes rather than on simple
palpation

Location of the Tumor—About three fourths of all breast cancers
occur 1n the outer half and central zone, one half in the upper outer
quadrant including the axillary tail. Tumors of the outer half of the
breast have a better prognosis than tumors of the medial half, pre-
sumably because they metastasize to the accessible axllary nodes more
often than to the internal mammary nodes.

DrrrereNTIAL Diacyosis.—The diagnosis of breast cancer should
be considered when there is a dominant lump, an area of thickenng
or induration, an erosion of the nipple or areola or a chronic nipple
discharge. . .

The physician must resist the temptation to rely on physical signs
alone m the diagnosis of masses in the breast. Even the most experi-
enced clinician will fall into a trap now and theh unless he makes
it a rule to advise biopsy on the basis of minimal changes in the
breast. From all viewpoints, it is better to make a less accurate
clinical diagnosis and to resort to early breast biopsy than it is to make
a more precise chimcal diagnosis which, to the detriment of all
concerned, is later proved wrong. .

All benign conditions of the breast may at times simulate malig-
nant disease. There are a few common conditions, however, which
even the trained pathologist may be unable to differentiate on gross
examination alone. These include: the sclerosing adenosis forms of
cystic disease, traumatic fat necrosis, plasma cell mastitis and (}UCf
papilloma. Conditions of the breast which usually can be recogmzet}
on gross examination include: fibroadenoma, the “blue dome cyst
form of cystic disease, sarcoma, lipoma and sebaceous cyst.

Certain signs of advanced breast cancer usually indicate the
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presence of incurable disease. Radical surgical treatment under these
circumstances is generally contraindicated beeause it accomplishes
nothing—in fact, 1t is uswally harmful. Patients who exhibit the
following signs are classificd as “categorically inoperable”™ by Haagen-
sen and Stout:

1. When the carcinoma dex elops dusing preguancy and lactation
(Note.~There are rare patients who sy be benefited by surgical
treatment.)
When there is extensive edema of the shin over the breast
. When satellite nodules are present in the skin over the bieast
. When intercostal or parasternal nodules are present
When there is edema of the arm
. When proted metastases are found w the supraclavicular nodes
. When the carcinoma is of the inflammatory type
. When distant metastases are demonstrated in the lungs or bope
. When fwe or more of the following signs are present:
a) Uleeration of the skin
b} Edema of the skin of limited extent
¢) Solid fiaation of the tumor to the chest wall
d) Axillary nodes mewsuring 2.5 cm. or more and proved to contain
metastases by biopsy
Fixiullion of the axillary nodes to the skin or deep structures of the
axlla

Y RCY- N R A XYY
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SuncicaL TaeaTMENT.~Excision of breast masses should be under-
taken only when all arrangements have been made for immediate
pathologic examination of the specimen (frozen scction if necessary )
and for performing radical mastectomy, if indicated. When this rule
is violated, the patient’s chances for cure are jeopardized unneces-
sarily.

The biopsy specimen is obtained after the patient has been

placed under general anesthesia. Depending on the size and accessi-
bility of the mass, it may be excised or a small segment may be re-
moved by incision. It 15 usually advisable to await the pathologist’s
report before proceeding with radical mastectomy, despite the fact
that the diagnosis may be apparent. The report should be available
within ten minutes.
_ If the lesion is benign, simple excision and closure of the wound
is often adequate. If the tumor is malignant, the wound is closed and
s‘ealed off and the operative field is reprepared. Radical mastectomy
is then undertaken, using a fresh surgical setup to guard against the
implantation of viable cancer cells from the biopsy wound to the
mastectomy wound.

The conventional radical mastectomy embodies the principles of
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the Halsted-Meyer operation (1894) and entails the excision, in
continuity, of the breast and ovcrlying skin, both pectoral muscles,
and the axillary lymph nodes and fat, The long thoracic and thoraco-
dorsal nerves (to the serratus anterior and the latissimus dorsi
muscles, respectively) are preserved, if possible, in order to help
insure good function of the arm postoperatively. In some instances,
skin grafting is necessary for wound closure.

Both the operative and postoperative phases of treatment require
more than ordinary attention to many details. Sharp dissection,
meticulous hemostasis, rigid aseptic technic, obliteration of dead
spaces, avoidance of tissue tension and adequate immobilization of
the skin flaps as advocated by Halsted arc but a few of the requisites
for primary healing and minimal complications.

As soon as feasible, mobilization of the arm with a view to early
rehabulitation is begun. Likewise, an artificial breast of proper size
and shape should be secured and applied as early as possible. The
surgeon should appreciate that the patient has suffered severe emo-
tional, as well as physical, trauma; and in keeping with the dictum
to “treat the patient as a whole,” he must maintain a helpful and
understanding interest. .

Two diverse types of surgical treatment have received attention 1
recent years, but, as yet, neither is widely used. The first consxsts‘ of
simple mastectomy followed by intensive postoperative irradiation
{McWhirter of Edinburgh); the second is an extended radical mastec-
tomy with internal mammary and sometimes supraclavicular node dlS:
section (Urban and Wangensteen in the United States, and Margottini
in Italy),

The surgical treatment of inoperable breast cancer is limited to
biopsy of the tumor and/or its metastases, and simple excision of the
breast in selected cases. Sometimes excision of a portion of the chest
wall is indicated for localized recurrent cancer.

RAmonmmpy.—Radiutherapy is effective in the palliatior'n of
breast cancer. Often 1t is the sole form of local treatment for patients
with inoperable cancer. Some radiotherapists advise radiation pre-
operatively or Postoperatively, or both, to selected patients, but there
is no unanimity of opinion as to the effectiveness of combined surgi-
cal and irradiation treatment. At present, radiotherapy finds its great-
est usefulness in the control of metastases, relief of bone pamn an
healing of pathologic fractures. An important indirect approach.m
the control of advanced breast cancer entails the inhibition of ovarian
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function (spearfically estrogen production) by evemal imadiation.

Honsoss, ThEATMLNT.~Some breast cancers, but not all, are said
ta be “honmone dependent.” The honmone-dependent tumors exhibit
changes in growth activity acconling to the concentration of certain
hormones in their environment, The muale sex honmones (androgens)
and the female sex hormones (estrogens ) are most influential in alter-
ing the growth of breast cancer. Because there are no available meth-
ods by which the homone-dependent tumors can be recognized,
management of patients by hormonal alteration involves observing the
clinieal response to treatment.

All forins of hormone therapy are palliative, not curative. About
half of the patients treated by these methods derive subjective benefits,
and about half of these will show objective fmprovement. The favor-
able effects of hormone treatment include: relief of pain, feeling of
well-being, retum of appetite, weight gam, increased strength and
vigor, healing of uleerated areas, regression of the primary tumor and
its metastases, healing of pathologic fractures, etc. The improvement
lasts for a variable period (usually for several months) if treatment is
continued. Then the patient usually begins to lose gmund, and the
tumor appears to have escaped from control of the particular form of
lhommone therapy in use. Another form of hommonal alteration can
then be tried, and is often cffective; but the favorable response is
likely to be of shorter duration than the previous response. In this
manner, patients can often be maintained in a relatively comfortable
and active condition for a prolonged period.

All attempts to alter hormone balance are attended by some ad-
verse systemic effects. These may be slight and of little consequence,
Or 50 severe as to preclude long-term treatment. As with all treatment,
the physician must be sure that the end justifies the means.

The androgens are widely used for hormonal alteration and may be
given to patients at any age. Their chief benefits lie in their anabolic
effect on metabolism and their relief of pam due to bone metastases.
They cause masculinization ( deepening of the voice, growth of facial
harr, enlargement of the clitoris, increased libido, etc.) and water and
electrolyte disturbances, Testosterone propionate in a dosage of 100
mg. mtramuscularly three times weekly is usually given.

The estrogens are administered only to postmenopausal women.
If given earlier, they are likely to accelerate the growth of breast
Cancer. They are most useful in the control of soft-tissue, rather than
bone, involvement, Their adverse effects include: nausea and vomit-
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ing, vaginal bleeding, water retention and hypercalcemia, Diethyl-
stilbestrol daily in the dosage of 10-15 mg. orally is usually prescribed.

Cortisone and related substances also evert a temporary restrain-
ing influence on the growth of breast cancer and often provide a period
of subjective improvement. However, the metabolic disturbances which
cortisone induces hmit its use.

Other methods of hormonal alteration, based on ablation of por-
tions of the endocrine system, are being used or investigated. These
include: bilateral oophorectomy, bilateral adrenalectomy and hypo-
physectomy. The place which these measures will have m the future
remains to be determined.

ResuLts OF SURGICAL TreATMENT.~The operative mortality from
radical mastectomy is low, averaging less than 1 per cent. The chicf
postoperative complications include: wound nfection and skin necro-
sis, edema of the arm, atelectasis and nia, cardiac failure and
thromboembolic phenomena.

The five year survival without evidence of disease is the basis of
most reports on the results of treatment of breast cancer. It is well
known that many of the patients who, at the end of five years, may
appear cured are not cured, because metastatic cancer often does not
become manifest until after five years or even ten, fiftcen or twenty
years after radical mastectomy. In addition, the fact that about 20 per
cent of the patients with untreated cancer of the breast live for five
years or more complicates the nterpretation of survival statistics. The
patients treated by radical surgery are a selected group and reprcscx‘lt
only a fraction of all patients with cancer of the breast. The criterid
of selection, which varies from clinic to clinic, will also tend to weight
the statistics for better or worse, as the case may be. Furthermore,
unless the follow-up on every patient is complete, the statistics ar¢
inaccurate. For these reasons, it s sufficient that the student have 2
working knowledge of the five year survival rates for patients with
operable breast cancer. The rates are:

The over-all five year survival rate, about 45 per cent

The five year survival rate for patients without axillary metastases,

about 75 per cent following radical mastectomy

The five year survival rate for patients with involvement of the

axillary nodes, about 25 per cent following radical mastectomy

The foregoing figures arc oversimplified for the reader’s benefit,
The survival rate is reversed accordmg to the status of the axillary
Iymph nodes on pathologic examination; that 1s, after five years, if the
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nodes are negative, three patients are well and one has evidence of
cancer of is deads; if the nodes are positive, one paticat is well and
three have evidence of cancer or are dead.
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ing, vagina] bleeding, water retention and hypercalcemia. Diethyl-
stilbestrol daily in the dosage of 10-15 mg. orally is usually prescribed,

Cortisone and related substances also exert a temporary restrain-
g influence on the growth of breast cancer and often provide a period
of subjective improvement. However, the metabolic disturbances which
cortisone induces limnut its use.

Other methods of hormenal alteration, based on ablation of por-
tions of the endocrine system, are being used or investigated. These
meclude: bilateral oophorectomy, bilateral adrenalectomy and hypo-
physectomy. The place which these measures will have in the future
remains to be determined.

ResuLts oF SurcicAL TreaTMENT.~The operative mortality from
radical mastectomy is low, averaging less than 1 per cent. The chief
postoperative complications include: wound infection and skin necro-
sis, edema of the arm, atelectasis and pneumonia, cardiac falure and
thromboembolic phenomena.

The five year survival without evidence of discase is the basis of
most reports on the results of treatment of breast cancer. It is well
known that many of the patients who, at the end of five years, may
appear cured are not cured, because metastatic cancer often does not
become mamifest until after five years or even ten, fifteen or twenty
years after radical mastectomy. In addition, the fact that about 20 per
cent of the patients with untreated cancer of the breast live for five
years or more complicates the interpretation of survival statistics. The
patients treated by radical surgery are a selected group and represent
only a fraction of all patients with cancer of the breast. The critera
of selection, which varies from clmic to clnic, will also tend to weight
the statistics for better or worse, as the case may be. Furthermore,
unless the follow-up on every patient is complete, the statistics aré
inaccurate. For these reasons, it is sufficient that the student have 2
workmg knowledge of the five year survival rates for patients with
operable breast cancer The rates are:

The over-all five year survival rate, about 45 per cent

The five year survival rate for patients without axillary metastases,

about 75 per cent following radical mastectomy

The five year survival rate for patients with involvement of the

axillary nodes, about 25 per cent following radical mastectomy

The foregong figures are oversimphified for the reader’s benefit
The survival rate is reversed according to the status of the axillary
lymph nodes on pathologic examination; that is, after five years, if the



CHAPTER 28

Peripheral Vascular
Diseases

An ischemic limb blcy the inhabitants of a bele d
narthern town. With supplies diminished o cut-off, the
tnhabitants can keep up normal appearances for a
time, then they begin to starve, they fecl cold, their faces become
pale or blue, they are less actice, and as conditions grow

worse they cither become apathetic or complain loudly

to those in authority. In the human limb there is absence of
arterial pulsation, I ing of surface t ¢, patlor or
cyanosis, anesthesia and pain.~BLAcxwoop.*

THE PERIPHERAL vascular diseases include those
conditions of both structural and functional origin which influence
the systems of fluid exchange to the extremities. Included are vaso-
obliterative and vasospastic diseases involving the arterial, venous and
lymphatic channels, singly or in combination. Because structure and
function are interdependent and the systems of fluid flow are influ-
enced by similar mechanisms, distarbances in one system usually also
affect other systems. The various conditions encountered can be classi-
fied as follows:

Arterial Disease
1. Vaso-obliterative: arteriosclerosis, often
tus, thromboangiitis cbliterans (Buerger’s disease
bolism, aneurysm and arteriovenous aneurysm

2. Vasospastic: Raynaud's disease, acrocyanosis, cold sensjtivity and pos-
sibly causalgia

Venous Disease
1. Varicose veins

2. Venous thrombosis, thrombophlebitis, phlebothrombasis

d with diak melli-
); thrombosis and em-

944.‘Blackwood, W.: A pathologist looks at ischemia, Edinburgh M. J. 51:131,
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and jmpulses are mediated through the thoracolumbar chain to both
the upper and lower extremitics. ) .

Peripheral vasoconstriction may be produced in the following

ways:

1. Reflex vasoconstriction (response to cold}

2, Vascular injury or disease

3. Adrenomimetic or related compounds {epinephrine, nor-cpi-

nephrine, Neo-synephrine,® ergotamine tartrate)

Peripheral vasodilatation may be cllected in the following ways:

1. Vasodilator drugs (aspirin, alcobol, nitrates, tetracthyl ammo-

njum compounds, Priscoline,® Mecholy),® nicotinic acid, cte.)

2. Reflex vasodilatation (by immersing the hand in wann water;

localized vasodilatation also produces generalized vasodilata-
tion)

3. Venous congestion {Buerger's excrcises; intermittent venous oc-

clusion; oscillating bed)

4. Sympathetic nerve interruption (direct blockade—procaine or

sympathectomy)

Some of the items of importance in assessing blood flow in the
peripheral vessels follow:

Pain.—Severe in acute occlusion, pain may be minimal or marked
in chronic occlusion, and often nocturnal. With nerve involvement,
pain may be unbearable, or sometimes absent in spite of advanced
ischemic changes. Intermittent claudication, or effort claudication, is a
cramplike pain, occurring most commonly in the calf on walking. It
disappears on resting, only to recur when walking is resumed. It may
be considered “the cry of the ischemic muscle.”

Color and Temperature—Other things being equal, changes in
color and temperature reflect changes in blood flow in the affected
extremity. So far as possible, the opposite extremity should be used
as the control in such observations. Changes in color which occur in
response to changes in position (pallor with elevation, and rubor,
reticular lividity or cyanosis with dependency) are indicative of
ischemia.

Changes‘:’n the Skin and Its Appendages.—Atmphy, ulceration,
gangrene, brittleness and loss of hair or changes in the nails, edema

and pigmentation may occur with changes in peripheral blood flow.

Abse.nce. ‘Zf Pulse.~The pulses in the foot may be imperceptible in
normal' individuals. However, absence of the pulse in the diseased
extremity and presence of it in the opposite member is usually a
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3 Postphlebitic syndrome (stasis syndrome)
Lymphatic Disease
1. Lymphangitis and lymphadenitis
2. Lymphedema
Congemtal lymphedema (Mulroy’s disease)
Obstructive lymphedema
Elephantiasis

ARTERIAL DISEASE

The result of either organic or functional diminution of the pe-
npheral vessels is reduced blood flow and ischemia. The effects of
ischemia, i turn, are both functional and structural. Thus the abihty
to imtiate and sustain active movement is impaired. There may be
intermittent claudication or resting-limb pain; and hyperesthesia, or a
“stocking” type of anesthesia, Degenerative changes affect all of the
tissues of the extremity; and there may be atrophy, nerve degenera-
tion, necrosis and gangrene,

The factors which modify the cffects of ischemua are: the avallctble
blood supply, the rate at which the ischemia develops and its duration,
and the metabolic demands of the tissues.

The available blood supply is determined by the degree of obhtera-
tion of the arterial lumen, the site at which the obstruction occurs and
the degree of collateral circulation which develops. Vasospastic fmd
organic peripheral vascular diseases are often associated, Other things
being equal, the part which vasospasm plays is inversely related to the
age of the patient. Obstruction at several different levels is more
damaging than arterial occlusion at a single area, where collateral
channels may be extensive. Collateral circulation forms best around
the joints. Vasospasm may render this accessory curculation useless.

Rapidly developing 1schemia 1s less well tolerated than slowly
developing arterial insufficiency.

The metabolic demands of the tissues and the changes due‘ to
ischemia are increased by heat, inflammation and muscular exercise.
The avoidance of local heat, infection and unusual exercise therefore
minjmizes the adverse effects of 1schemia.

The artenoles are under the control of the autonomic nervous
system. At least two sets of nerves—the vasoconstrictors and the vaso-
dilators—maintain a normal state of balance in the smooth muscle of
the arteriolar wall. The vasomotor nerves are under the control .of
vasomotor mechanisms in the medulla, diencephalon and forebrain;
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ances. As such, they may be a source of diagnostic dilficulty. For
example, thrombotic occlusion of the tenminal aorta produces the
Leriche syndrome, which may simulate herniated intervertebral disk,
There is pain in the back, buttocks, thighs and legs with exercise.
Fatigue, weakness and atrophy of the muscles are observed. Impotence
in the male is common. The arterial pulses are diminished or absent
below the bifurcation. Coldness and pallor of the feet and legs are
noted. Gangrene of the toes or foot may appear later, The obstruction
can be demonstrated by aortography (Fig. 131, p. 594).

Although vasospasm is generally not a prominent associated fea-
ture in arteriosclerosis obliterans, all measures directed toward the
relief of even minimal degrees of spastic obstruction are worth while,
Thus the physician may provide relicf of pain and a measure of
“borrowed time,” so far as the life of the limb is concerned. This is the
rationale of giving vasolytic drugs and performing lumbar sympathee-
tomy in selected cases of arteriosclerotic peripheral vascular disease.

Tunoypoancuris  OpLimeraxs.—Thromboangiitis  obliterans, or
Buerger’s disease, is a chronic inflammatory disease producing obliter-
ative changes in arteries, veins and lymphatics, chiefly of the extrem-
ities. The disease, of unknown etialogy, occurs predominantly in young
or middle-aged men who are heavy smokers. Intermittent claudica-
tion and resting-limb pain, and cold, moist, cyanotic feet with ulcera-
tions and gangrene of the toes, are common findings. The pedal pulse
is absent or diminished. An important sign is a migmtory type of
phlebitis manifested by tender areas which appear irregularly in the
superficial veins throughout the body. Slow progression of the disease
is usual, but the course may be self-arrested or may advance rapidly.
Vasospasm, particularly during the early phases, aggravates the
ischemia of the extremities.

Tx-mo».masxs Anp Exsoutsar~Sudden ocelusions of major periph-
eral arteries are serious vascular accidents. The changes resulting
from thrombosis and embolism are quite similar, and differentiation
may be difficult. Basically the changes result in acute ischemia of th
limb. The development of i o the ade.

gangrene (Fig. 127) depends on the ade-

quacy of the collateral circulation; and the adequacy of the collateral
cxrculflﬁon, in turm, is conditioned by the degree of functional and/or
g;gl‘;:‘!g n?'gzif;lx;uxg':::;nﬁe:sx;r ltsm tixren ;fisult of vascu!ar wall l'niu}—y
embolism is us;ally secondary to intra Odi?ngm. Pcnphfaml artexjml
from auricular fibnilation oerard' i Fﬂr l'ﬂc thmmbosm, resulhng
iac infarction or from dislodgment
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significant observation, If the pulse is absent in the vessels of the foot,
it should be sought for in the popliteal and femoral arteries.

Dilated Tortuous Veins; Varicosities.—These conditions also reflect
changes in blood flow.

In addition, certain adjuncts to the study of these problems are
available, but they are not usually needed to establish a working
diagnosis. The following studies may prove useful:

Temperature Studies.~Vasodilatation is produced (reflexly or by
pharmacologic block) and the increased blood flow (as indicated by a
temperature rise in the part, preferably in a constant-temperature
room) is determined by use of 2 thermocouple.

Oscillometry.—The volume of the pulse at different levels in the
extremity is measured with an oscillometer.

Aortography and Arteriography; Venography.—Radiographic ob-
servations are made after intravascular injections of radiopaque iodine-
containing solutions.

Blood Flow Studies —Isotape studies, plethysmography, and blood.-
gas analysis are methods which may be utilized under special condi-
tions.

VASO-OBLITERATIVE ARTERIAL DISEASE

ARTERIOSCLEROSIS (ENDARTERITIS) OBLITERANS.—This disease oc-
curs in the older age group, most often in men. It may be consx:dered 2
manifestation of “the wearing-out process.” Arteriosclerosis involves
both lower extremities as well as other vessels throughout the body.
Diabetes mellitus is often associated. Intermittent claudication and
resting-limb pain are common symptoms. The feet are usually cold,
elevation causes pallor, while dependency causes a slow return f)f
color, which progresses to cyanosis; skin changes may vary from skin
atrophy to gangrene; the pulses 1n the foot, and often in the poplftfal
and femoral areas, are markedly decreased or absent. The condition
tends to be progressive over a long period. i

The localized or segmental form of arterial occlusion assocxat.ed
with arteriosclerosis (atherosclerosis) is often amenable to Op'cmm’c
correction by removal of the obstructing thrombus with the intima or
excision and vessel replacement. The chief sites 1n which localized
occlusion oceurs include: aortic bifurcation, iliac, femoral and pop'hfeal
arteries. These conditions cause symptoms of vascular insuﬁif:lency
which may suggest primary logic or musculoskeletal disturb-
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time, arterial embolectomy is of value only in large vewels soon after
cmbolism has ocenrred.

Axevnysas.—Blood-flled sacs which communicate with arteries
are called “ancurysms.” In the extremitics, such sacs occnr chiclly as a
result of tratima (traumatic, or false, ancurysny; pulsating hematoma)
or of degenerative disease (arteriosclerosis, syphilis), False ancurysins
are formed from hematomas which remain in communication with the
lumen of the artery of origin. They are lined, not with endathelium,
but by the inner surfuce of the clot. The original wound is often
insignificant, but hemorrhage from it may be severe and out of pro-
portion to what would ordinarily be anticipated. A mass forms and
gradually inercases in size, producing varying degrees of obstruction
to blood flow in the main and adjucent vessels. True ancurysms are
most often located iu the aorta, iliae femoral or popliteal arteries and
may produce serious circulatory deficiency.

The essential physical sign in ancurysm is an cexpansile mass
located over the course of a major artery. The force of the pulsation
and other physical signs depend on the size of the communication
with the vessel of origin and the degree of clotting within the muass.
With proximal occlusion of the artery, the pulsation disappears; with
release, it returns. A thnll and bruit may be present, depending on
the size of the opening into the ancurysm. The degree of ischemia of
the distal tissues will depend on the degree of vascular impairment
produced by the mass.

Ideally, aneurysms are treated (Fig. 128) by cexcision and
re-establishment of the continuity of the artery. This may be ac-
complished by removal of the aneurysm, followed by end-to-end
avastomosis or bridging of the gap with a vessel graft. If this type of
removal 1s impractical, ligation of the vessel and removal or oblitera-
tion of the aneurysm later may be necessary. Under the latter con-
ditions the survival and function of the limb will depend on the
critical factor of collateral circulation.

ARTERIOVENOUS ANEURYSM OR FisTULA.~Abnormal communications
E()::tween }arge ar.teries and veins may 1esult from penetrating wounds
T;Z'::::;fniitl:ltenovenous ;fmeurysm) or congemml.vns.culﬂr shunts.
but s lesg}:e most of ten' occurs In the's?alp ( cirsoid nneu_lrysm),

! s are seen in the estremities. The traumatic type
uasually is produced by gunshot or stab wounds.

During 1ts formation, a traumatic arteriovenous

i aneurysm te-
sembles a pulsating hematoma; but as the opening betw:

een the artery
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of thrombotic calcified plaques from the aorta. Progressive thrombosis
of the involved vessel usually follows both embolism and thrombosis.
The unattached clot of embolic occlusion becomes fixed to the vessel
wall (mtuna) within eight to ten hours. Permanent restoration of
contmuity of the vessel by embolectomy can therefore be expected
only 1f the embolus is removed during this period of “golden oppor-
tumty.” If the clot 1s removed later, existing intimal damage is likely
to lead to a secondary thrombosis.

Embolectomy is usually reserved for embolism of the large arterial

U,

Fic. 127.—Bilateral “dry” gangrene of the legs resulting from a “saddle” embo-
lus obstructing the termmal aorta. The embolus onginated from a thrombus m the
nght 1 d A 1: above knee on the nght; below
Lnee on the left. Patient recovered. Early embolectomy might have prev ented oss
of the legs

trunks (iliac and femoral), including the bifurcation of the aorta
(saddle embolus) and, occasionally, the axillary artery. In other
vessels the collateral circulation may be adequate to support the distal
tissues 1f vasospasm 1s overcome. Furthermore, the small caliber of the
other vessels makes 1t unltkely that they will remain open after removal
of the clot. Narrowing of the lumen and trauma resulting from opera-
tion, together with the resultant decreased volume flow, enhances the
tendency to recurrent clot formation. Operations for the removal of
clots following acute arterial thrombosis are not likely to succeed b‘f‘
cause intimal damage usually leads to recurrent thrombosis. It s
possible that future extensions of the use of anticoagulant measures
may allow a more direct approach to this problem. At the present
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and the vein is formed, the signs become more clear-cut, There is
a gradual relentless dilatation of both the arterial and the venaos
channels of the regional circulation, with formation of a pulsatile
smass containing varicositics under high pressure. There is u patpable
systolic thrill and an audible continuous machinery-like murmur.
Occlusion of the fistula by compression causes increased resistance to
peripheral flow and results in an immediate eflex slowing of the pulse
rate (Branham’s sign). There are signs of diminished blood flow and
ischemia of the estremity, depending on the size of the shunt. Signs
of arterial insufficiency are usually progressive. Great enlargement of
the extremity may occur, particularly if the fistula is congenital or
develops during the growth period. The possibility of an artcriovenous
Bstula must always be considered when large varjcositics which are
confined to one extremity or localized to one area of the trunk or head
are found. It is abvious that, under these conditions, treatinent of the
varicose veins alone would be fruitless. Heart failure ultimately results
from untreated arteriovenous fistula, Thercfore, surgical closure of
arteriovenous fistulas is indicated. In the early stages, however, it is
sometimes advisable to defer operation for two or three months, in
order to allow maximal development of the collateral circulation.

The pathophysiologic changes resulting from the “parasitic cireula-

tion” of an arteriovenous fistula are numerous and profound:

1. Initially, the systemic blood pressure is reduced as a result of

the decreased peripheral resistance.

2. Later, the systolic pressure rises to normal and the diastolic
pressure remains low, since there is a continued decreased re-
sistance. The pulse pressure is therefore high.

. The pulse rate is increased { Bainbridge reflex).

. Blood volume is increased.

. Cardiac output is increased. There is hypertrophy and dilatation
of the heart, and later cardiac failure,
Closure of the fistula and restoration of blood flow to the normal
capillary bed of the extremity reverses the process. The pulse
rate slows; the blood pressure becomes stabilized; the cardiac
output falls; and the blood volume decreases.

o tiﬂleﬁ Sidmelé;l ;:‘am‘;:t of tt.he ar;e}r)im}"enous ﬁsfu]a consists in closure
b s This & preservation of both the main arterial and venous

channels. This s sometimes possible without the use of vascular grafts.

The t:me-honored treatment of arteriovenous fistula has been exeision

and “quadruple ligation™ of both the artery and the vein, on either
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Position |

Position 2

f

Fic. 129.—Buerger-Allen active vascular exercises. Position 1, two minutes;
posihion 2, three minutes, position 3, five minutes, Repeat the exercises three or four
times each exercise period, several times (three or four) daily. (Courtesy of W, D.
Paul, State University of Towa ) o

Position 3

391
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side of the fistula, This cures the arteriovenous fistula but usually
results m vascular insufficiency of the extremity, and is, therefore, less
than optimal treatment.

VASOSPASTIC ARTERIAL DISEASE

Raynaup's Disease.—Raynaud’s disease is a type of intermittent
angiospasm which occurs almost exclusively in females; it involves the
upper extremities in a bilateral and symmetrical manner. Attacks may
be precipitated by exposure to cold or by emotional disturbances.
Typically, there are three phases to the attack:

1. Local syncope (the fingers are white)

2. Local asphyxia (the fingers are blue, swollen and painful; pain

may be severe)

3. Recovery (the fingers are red, warm or hot; pain decreases; and

paresthesias appear)

Atrophy of the skin, ulceration and gangrene of the fingertips and
deformuties of the nails are the usual sequelae in advanced disease-
Raynaud’s disease follows a comparatively benign course compared
with other major types of peripheral vascular disease. As time goes by,
the attacks may become less frequent or disappear entirely, but gener-
ally, organic occlusive changes eventually take place. Protection of
the hands from cold and injury is of great importance, Sympathectomy
in the upper dorsal segments appears to contnbute little to the relief
of symptoms or to the arrest of the disease. Nonoperative measures,
such as protection of the hands from exposure to cold, avoidance of
emotional tensions and the administration of vasolytic drugs, probably
provide better control than surgical procedures.

Rayvaup’s PueNoMmenoN  (Synproae).—Symptoms  and color
changes similar to those described above may also occur in certain
other types of occlusive vascular disease (e.g., Buerger’s diseas.e),
ppeumatic hammer disease, heavy-metal or ergot poisoning, cervical
nb and some neurogenic disturbances.

OTHER Vasoseasnic Diseases.—Less common and little-understood
functional conditions nclude: acrocyanosis, erythromelalgin, cold
sensitivity, causalgia and reflex dystrophies.

TREATMENT IN PERIPHERAL ARTERIAL DISEASES

Therapy is based on an understanding of the pathophySiol?g"c
alterations which these conditions produce, the methods of examina-
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6. The local care of the eatremities is an important factor (Table
93). The patient should be carcfully instructed in all details, verbally
as well as in writing, and examined at regular intervals. The fect
should be washed daily with soap and wapn watef, dried carefully,
then massaged gently with aleohol or lanolin. Socks should be

Fic. 130.~Methods of blood vessel closure and anastomosi:
emphass is placed on the need for an adequate lumen than on e\lz}sfglu;el?ﬂ’;nl:}ow
to prevent thrambosis after blood vessel suture, Simple continuous over and over n;:
sutures may be .used.) A, double ligation of large vessels by a proximal encirclslln
ligature and a distal transfixion higature in order to insure against slippage and h z
o.n'hage. B, clysurc of a rent with interrupted everting matiress suttres {or a :om‘
tinuous, everting suture) of silk in order to leave a smooth internal intimal Iim': :
zguf'f%:ts grﬁx?;bo;mgloih; &umexé musdt not be narrowed unduly lest thmmbosii

r o low. C, end-to-end anastomosis of vessel by dividi
e Fro essel by dividin
) erc mference of t'h:l :‘l::;en into thr’ee equal parts with et erting mattress suturcs&t

changed daily. Shoes should be well fitted and

?reaMg-m of new shoes should progress slowly. The‘;):tlif:rﬁﬂs?fl.ﬂc'llte
instructed to cut nails straight across. He should not cut corns .
calluses, but sh'ould soften them by soaking in warm water and thm
rub them off with gauze. Minor injuries or infections of the foot shou[I::i1

be a cause for concern, and th i
, e patient should not att
ment. Exercise should be within pain limits. empt selltreat-
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tion and interpretation, and an appreciation of the intrinsic and
environmental factors which influence the course of the disease. One
must realize that vascular disease produces widespread changes in
the peripheral tissues and that it frequently leads to disturbances in all
systems of fluid flow. Also, vaso-occlusive and vasospastic impaimment
of flow are often coexistent and operate in a vicious cycle. Without
special methods of investigation, it may be impossible to assess accu-
rately the role of all factors in the production of the presenting dis-

TABLE 23.—“Do Nots” For PATIENTs wiTit PERIPHERAL VASCULAR
Disease aND/oR D1aBETES (After Wilder)
Do not use commercial com remedies.
Do not use sharp instruments on corns and calluses.
Do not use todine.
Do not walk on bare feet.
Da not open blisters with pins or needles.
Do not place hot-water bottles near the feet.
Do not wear circular garters
Da not bathe feet in too hot water.
Do not wear tight or badly fitted shoes.
Do not wear metal arch supporters.
Do not use Epsom-salt foot baths without physician’s advice.
Do not apply adhesive tape directly to the shin.
Do not bandage feet tightly
Do not seek your bor’s ad

1t a ph
ap

order. The essential points in treatment are: (1) the elimination of
factors which produce vasospasm, (2) the utilization of aids to produce
vasodilatation, (3) special care of the ischemic parts and (4) removal
of the obstruction, if possible.

In treating perpheral arterial disease, the following methods
should be employed:

1. Cold, tobacco, emotional disturbances and other adverse -
fluences which enhance vasospasm should be avoided. i

2. Buerger-Allen’s exercises (Fig. 129) are an effective physio-
logic means of securing vasodilatation and are said to aid development
of collateral circulation.

3. Reflex vasodilatation, by the use of heat (115° F.) applied to
the hand or some other portion of the body for twenty minutes three
times daily, may be helpful.

4. Vasodilator drugs, such as aspirin, alcohol, Priscoline® and papa-
verine, are commonly used.

5. Sympathetic interruption—chemical ( procame or similar agents)
or surgical excision (for the lower extremities, sympathetic ganglia L2,
3, 4)—may be useful in selected cases.
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7. Restoration of arterial flow (Fig. 130) through obstructed
segments between the abdominal aorta and the popliteal artery may
be accomplished either by resection and replacement grafts or by
removal of the clot together with the lining of the vessel (thrombo-
intimectomy ). Arteriography (Fig. 131}, especially lumbar aortog-
raphy, is essential in selecting patients for these procedures. Arterial

Fic. 132.—-Ref: ion of the in ad ing dial

g The
patient was 2 women of 56 with marked generalized arteriosclerosis, cardiac disease,

systemic toxiaty {fever, high pulse rate, levhocytosis), disturbed sensonum and
uncontrollable diabetes. The lower leg was packed in ice for twenty-four hours,
after which her general condition improved greatly and an above-knee amputation
was performed without compheations.

homografts preserved by freeze-drying have proved very satisfactory
for this purpose. Plastic fabric prostheses made from nylon, orlon,
dacron, etc., have received extensive trial and would appear to act as
satisfactory blood conduits. Only a minority of patients with obliter-
ative arterial disease are suitable candidates for these procedures; but
when properly selected, the results have proved highly satisfactory.

The treatment of the complications of ischemia, such as ulceration,
infection and gangrene, must follow well-established principles. Thi;
involves attention to both the local and the systemic factors which
influence the response to infection and healing, Rest, clean surgical



d

ness of the legs and (Lenche's synd ). At ation the th
segment was d and replaced with a f; dried b ft of the aortic
bifurcation. Recovery was uneventful, and the patient was reheved of symptoms.

594
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VENOUS DISEASE

Vanicose VEINS

1t is the impairment of functional cfficicncy of the tissucs

secondary to increased interstitial fluid which scems to us at the present time

to offer the best physiologic explanation for the heatiness, cdema, casy fatigalnlity,
and increased suseeptibility to infection and trauma which arc so distressing

to the paticnt with sciere waricose veins.—Bannow.

Abnormally dilated, tortuous and elongated veins are said to be
“varicosed.” While the term is ordinarily used in reference to varicose
veins of the lower extremities, comparable conditions oceur in the
esophagus (csophageal varices), in the rectum (hemorthoids) and in
the spermatic cord (varicocele).

The venous circulation of the lower extremity is composed of two
intercommunicating systems: (1) the superficial system, which con-
sists of the greater (long, internal) saphenous vein and its trnbutaries
and the lesser (short, external) saphenous vein and its tributaries,
and (2) the deep system, which consists of the femoral vein and its
tributaries.

The superficial system of the veins of the leg is a primary site for
the development of varicosities. The superficial veins lie in the sub-
cutaneous tissues and are not protected or supported by muscular
and fascial structures, such as those which enclose the deep veins. The
greater saphenous vein arises at the dorsal venous arch of the foot
and passes upward just anterior to the internal malleolus of the ankle,
then medial to the intemal condyle of the femur and along the medio-
anterior aspect of the thigh to the fossa ovalis, Here it penctrates the
fascial opening and joins the femoral vein. The lesser saphenous vein
arises behind the external malleolus, passes upward over the posterior
surface of the leg and penetrates the fascia over the popliteal fossae to
jon the deep popliteal vein, Numerous communicating veins (“per-
forators™} exist between the main trunks of the greater and lesser
saphenous veins and the deep system of veins of the leg,

?he greater saphenous vein joins the femoral vein at the fossa
ovalis, where an enlargement, called the saphenous “bulb,” is found.
Several superficial veins converge at this point to join the bulb, The
number and distnibution of these vessels is variable,

! , but usually there
are at least three veins. These are: (1) the superficial inferjor epigas-
tric, (2} the superficial iliac circumflex and (3) the superficial intermal
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care, adequate drainage, removal of nonviable tissue and the adminis-
tration of antibiotics constitute the most important items. The pro-
longed use of heat in any form to ischemic tissues is absolutely
contraindicated because it accelerates the metabolic demands of the
tissues. The demand cannot be met by the impaired circulation, and
gangrene may be precipitated or accelerated. Cooling decreases the
metabolic demands of tissue, and it is sometimes of value in the treat-
ment of impending or advancing gangrene. Refrigeration (Fig, 132) or
freezing of the parts should be utilized only when the situation is
critical—for example, when the foot or leg is obviously gangrenous and
beyond salvage. Sometimes in seriously ill patients, such as those with
multiple injuries and associated peripheral gangrene of vascular origmn
(not gas gangrene), or in patients with severe diabetic acidosis com-
pheated by gangrene, operation can be delayed by refrigerating the
limb while the more pressing problems of cardiovascular, pulmon:'lry
and metabolic ongin are corrected. Amputation can then be carried
out later under more nearly optimal conditions. From a prach'c:.xl
viewpomt, refrigeration of the limb may be considered 2 physiologic
amputation.

The general care of the patient is always important. Diabetes
mellitus with peripheral vascular disease makes a more difﬁcu}t
therapeutic problem. Diabetes not only accentuates arteriosclerosis
and ischemia, but it also impairs the body defenses and healing pot'en'
tial. The abnormal carbohydrate metabolism of the diabetic patient
appears to favor bacterial growth and lowers resistance to invasiwe
infection.

Dry gangrene is due to acute or chronic arterial occlusion, and the
veins often are not obstructed. The part becomes cold, black and
shriveled. Wet gangrene is the result of arterial and/or venous occlu-
sion, stasis, edema and infection. The part is swollen, cold, ulcerated
and discolored. Gradations between these categories are commnn..lﬂ
general, wet gangrene constitutes an urgent indication for amputation
because of the profound systemic effects resulting from absorption of
the products of infection and tissue breakdown, as well as the tent?-
ency for the gangrene to spread. Amputation for dry gangrene IS
sometimes deferred until a line of demarcation develops between the
viable and the nonviable tissue. According to the circumstances, ex-
cision of a portion of a toe, a foot, a lower legora thigh may then be
required
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valves just below the entrance of tubutaries and near the mouths of
tributaries. Valves of great clinical importance are located in the com-
municating { perforator) veins of the leg and in the saphenous bulb,
When the valves become functionless or incompetent, the superficial
veins are no longer protected from the unphysiologic pressures result-
ing from straining, standing, cte., and reverse flow occurs,
The factors responsible for the How of blood in the veins are:
1. The momentum imparted to the blood by the heart and trans-
mitted through the capillary bed (vis a tergo)
2, Muscular contractions aided by venous valves
3. Changes in intrathoracic and intra-abdominal pressure with
respiration
4 Possibly the intermittent pressure changes produced by arterial
pulsation
Factors which tend to retard the flow of blood in the veins (F
133) are:
1. The hydrostatic pressure or gravity effect of the upright position
2. Increased mtra-abdominal or intrathoracic pressure
3. Inereased resistance to flow such as that produced by venous
obstruction, encircling bandages, garters, cte.
4, Immobilization
Normally, the venous valves allow blood to flow in one direction
only (Fig. 134, A). Pressure applied to the vein as a result of muscle
contraction causes the vein to collapse partially and the blood to be
displaced centrally through the opened leaflets of the valve. When the
pressure 15 released as the muscle relaxes, the valve leaflet passively
closes and prevents reflux of blood. Muscle contractions acting in
conjunction with competent venous valves constitute a “peripheral
venous heart” for movement of the blood from the extremities back to
the heart
The flow of blood is directed normally from the superficial veins
to the deep veins. When abnormal stresses or disease renders the
venous valves incompetent (Fig 134, B, C), there 1s reverse flow,
and a progressively greater load is placed on the superficial veins
leading to the development of varicosities. There then is stagnation oi
b'lood.and a Iocal increase in venous pressure, which leads to altera-
;?;le: f;l?ni::?;]]n‘ﬁi rl;l n‘l‘l,;ompamne?ts in t}.le ]eg. (vascular, inter-
1 ar). en there is sustained increased venous
pressure, increased leakage of protein-rich fluid from the capillary bed
and decreased absorption from the tissue spaces occur. The resulting

o,
lb'
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Respiratory
Increased 2)
nlra-obdominal movements (7
pressure
Gravity
Muscular
conlractions
+venous valves
Viscosity Capillary
blood pressure
Y

Fi1c. 133 —Factors normally favoring and opposing venous flow 1n the extremi-
ties. { After Barrow, D. W : The Clinscal Management of Varicose Vems [New York:
Paul B Hoeber, Inc, 1948] )

pudendal. These tnbutaries are important collateral channels and
may be responsible for recurrent saphenous varicosities after operation,
unless each vessel is mdxvidua]ly ligated and divided at the pnmary
operation for varicose veins.

Venous valves are reduplications of the intima, which (in con-
junction with muscular contractions) help to move blood in the direc-
tion of the heart and to prevent backward or retrograde flow of bloqd
in vems. The superficial and the deep veins of the extremities contain
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toward the end of the day. Frequently, the varicosities become more
prominent, and aching or pain and tendemess are increased, during
the menstrual period. As the condition progresses, edemit may become
constant and Bbrosis with induration of the subcutancous tissues
develops, Pigmentation of the skin, usually above the medial side of
the ankle, and stasis dermatitis or eczema may appear. Chronie ulcera-
tion, especially in the region of the medial malleolus, is prone to follow
slight trauma and infection. The healing response is impaired, and
aften the ulcer will be resistant to all local treatment. Chronic infection
in the uleer may spread and lead to thrombophlebitis, lymphangitis or
cellulitis. Enlargement of the varicosities may follow increased venous
obstruction when thrombophlebitis is superimposed. Rupture of a
varix with hemorrhage sometimes occurs spontancously or is produced
by slight trauma,

ExaxunaTioN.~The investigation cannot be confined to the lower
extremities alone. It must include a complete history and physical
examination. Because intra-abdominal, intrathoracic or primary vas-
cular conditions (e.g, arteriovenous ancurysm) may lead to the
formation of varicose veins, these possibilities should be considered. A
history of previous thrombophlebitis of the deep veins or of milk-leg
(phblegmasia alba dolens) will indicate the need for special care in
evaluating the disturbance and prescribing any type of treatment. The
laboratory examination is directed toward determining the presence of
underlying or associated diseases, such as heart discase, syphilis and
diabetes mellitus.

Following the general examination, attention js directed toward
the evaluation of the varicosities (F: ig. 135). Certain questions must be
answered:

L. Are the varicosities located in the greater or lesser saphenous

system or both?
2. Is the valve at the saphenous bulb incompetent?
3. Are the valves in the communicating veins (perforators) in-
competent?
4. Where are the incompetent perforators located?

3. Is the deep venous system blocked by previous thrombosisP
i e, ettt
(Trendelenburg, Pertha.% and Mahomer-z):}xzwes, eveml‘l'c hmc.al s
to determine t};e location and degree of fi’fetil) ]z;re atitized in orfier

Trendelenburg Test—1 Positig strictio o alve function.

~1. ve Constriction Test (also called
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subclinical or overt edema with chronic anoxia leads to fibroblastic
proliferation and induration of the lower leg. The lymphatic channels
are overloaded and may become partially obliterated or thrombosed
and mcompetent. The osmotic pressure of interstitial fluid locally is
relatively increased and further tends to embarrass the circulation.
Ultimately, permanent alterations ( swelling, induration, pigmentation,
ulceration, eczema, etc.) appear. If permanent clmnges in the leg are
to be prevented, venous insufficiency must be recognized and treated
while 1t is still reversible.

The etiologic factors in the development of varicose vems are: (1)

N

Fic 134 ~The function of venous valves as mfluenced by (1) dilatation of the
vem wall and (2) thrombosis and recanalization of the \em‘lumcn. ‘A|, normal com-

peten 1asan oF the

vein.

Ths . . R - ~ -

. . - — il el has been
his 1s often

congenital weakness of the vessel wall and valves, or absence of
valves, and (2) activity stresses and other causes which markedly
increase intra-abdominal pressure and venous pressure.

It is necessary to distinguish between increased venous pressure
due to simple gravity effect and the actwvity stresses and increased
venous pressure due to pathologic conditions. Among the latter aze:
ascites, pregnancy, abdominal tumors, portal vein obstruction, deep
venous occlusion and congenital or acquired arteriovenous communi-
cations. )

Syaerons anp Sions —Except for their unsightly appearance, vart-
cose veins may give rise to no complaints. More often, however, 'ﬂle{e
is heaviness and easy fatigue of the legs on standing, aching pains 12
the calves and swelling about the ankle, the latter most noticeable



PEMPHENAL VASCULAIL DISEASES 603

“Trendelenbury Negative™)—\With the patient supine, the leg is cle-
vated, emptying the seins. A tourniquet is npph’ul at the thigh, high
enough and tight cnough to block the flow in the superficial veins.
‘The patient stands upright, snd the time that is required for the vari-
cositics to il is noted. 1f the filling takes thirty sceonds or longer, it is

F1c. 136.—The Trendelenberg test for varicose veins (sce teat for expl i
(Immeduately before having the patient stand, the veins are empticd bx; acrll:\l:xol:‘n)g
the !eg and then occluded by applying a tourniquet to the thigh below the fossa
ovalis ) A, normal or ncgative constriction test. Note the normal direction of blood
flow as indicated by the arrows B, positine constriction test. Note the reflux through
the communicating vemns from the deep to the superficial leg veins. C, positive re-
lease test. Note the rcflux through the saphenofemoral junction from du; deep to th
superficial vems. D, double positine constriction-release test. Note reflux from d::
deep sens through both the communicating veins and the saphenofemoral junction.

probable that the valves of the communicating vems are normal (com-
petent) (Fig 136, A), of less than thirty seconds, the presumption is
that these valves are functionless (incompetent) and that the super-
ficial vemns have filled by reflux from the deep veins (Fig. 136, PB)

2: Positive Release Test (Fig. 136, C; also called “Tren.delen’bu .
Positive”).~The leg 1s again elevated, and a tourniquet is a liedrgt
the thigh. The patient stands, and the tourniquet is releasel(’lp If t}?
varicosities fill immediately from above, the inference is that Lh'e valv:



Fic 135 —Severe bilateral varicose vemns in a male patient. Note the promnent
tnternal saphenous veins in the thighs and the marked vancosiues of the termmal
branches over the nner surfaces of the lower legs and ankles. Studies rev ealed 1n-
competence of the valves at the saphenofemoral junction and of the valves 1 the
communicators at the knee region bilaterally. Bilateral saphenous “stripping” Wwas
done, and dissection with higation of the imcompetent communicators, The results,
on follow-up, wcre satisfactory.

602
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has no pain or discomfort over a period of several days and can wear
the bandage continuously, the deep veins can be considered capable
of returning all the blood from the extremity even when the super-
ficial venous system is oecluded. 1€ swelling and symptoms (fatigue,
aching, ete.) disappear, it is likely that treatment for varicose veins
will be effective. On the other hand, if the patient has increased pain
and swelling and cannot tolerate the bandage, the inference is that
deep venous obstruction enists, and treatment for the varicositics must
be applicd cautiously, if at all.

Mahomer-Ochsuer Test.—This test is a modification of Perthes’
test. A tourniauet is applicd high on the thigh, and the veins are ob-
served while the patient walks, If the varices empty, only the valve at
the saphenous bulb is incompetent. If the varices do not empty, the
toumniquet is applied at progressively lower levels and the observations
are repeated. The level at which emptying occurs indicates the lowest
incompetent perforator.

Other tests (Pratt, Harkins, ctc.) for localization of incompetent
communicating veins are useful in the detailed study of complicated
cases.

Trearmext —The therapy of varicose veins has passed through
several phases. Originally, surgical excision with “stripping” was
practiced in severe cases Later, injection of sclerosing solutions be-
came popular. Then a combination of ligation of the saphenous vein
and its tributaries with mjections of sclerosing solutions came into
vogue In recent years, there has been renewed interest in stripping
operations. In these procedures the main channels of the greater or
lesser saphenous systems, or both, are surgically removed or stripped.
The veins which communicate with the deep venous system are
avulsed dunng stripping and become thrombosed, or they may be
individually dissected out and hgated. Stripping operations are at
present widely used in the treatment of primary and recurrent varicose
veins. Varicosities which persist following stripping may be throm-
bosed and obliterated by careful injection of sclerosing solutions.

General Rules of Treatment.—The following general rules should
be observed: .

) L Deep venous thrombosis is usually a contraindication to vein
ligation, stripping or injections of sclerosing solutions.

2. If the valves. of the saphenous bulb and the communicators are
competent (there is no reflux) and only small varicosities exist, no

treatment may be required, or consideration may be given to local in-
jections of sclerosing solutions,
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at the saphenous bulb is incompetent and abnormal reflux of blood has
occurred from the femoral vein into the saphenous system.

3. Double Positive Constriction-Release Test (Fig, 136, D).—The
first test is repeated. If the varicosities fll in less than thirty seconds
with the tourniquet in place and immediately become more distended
after release of the tourniquet, this is interpreted to mean that the
valves between the deep and the superficial systems and the valve at
the saphenous bulb are incompetent. Reflux of blood has occurred
from the deep system through functionless valves in these areas.

A

Fie 137 —Tests for patency of the deep venmous cwculation of the leg. 4,
Perthes” test. B, compression test, {See text.)

Perthes” Test.—~In making Perthes’ test ( Fig. 137, A), a tourniquet
1s applied at the thigh and the patient is instructed to walk around
for several minutes. If the varicosities become more promment :m.d
painful, there probably is obstruction to flow in the deep veins. This is
usually due to a previous deep venous thrombosis. If the ¢ icat
ing veins and valves are functional and the deep system is open and
adequate (normal), the superficial varicosities will collapse when the
pumping action of muscular contraction forces blood from the super-
ficial veins into the deep system.

Another test (compression, Fig. 137, B) for the patency of the
deep veins of the leg consists of having the patient wear a circular
elastic bandage around the entire leg when ambulatory. If the patient
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and anterior to the intemal malleolus. The uleers may be single or
multiple, and they have punched-out margins and a granulating base.
There is associated induration of the regional subcutancous issue, amd
often a “feeder vein™ can be seen leading to the ulcer.

The chjectives of treatment are: to improve or restore nonnal
tissue metabolism, to overcome infection, to secure hculing of the
ulcer and to present recurrence. The accepted treatment consists of

e ..+ depth of penctration.
. s may not be marked.

. . o .. i ..., bedeep, imregular and
extensive Local skin changes consist of edema, induration and pigmentation. Vari-

cosities may or may not be present. C, artenosclerotic ulcer. Ulcers are deep, &

. C, . irregu-
!zu' and usually located over the tibwal area. Associated changes are due (I;, ancfi‘:ll
insufficiency rather than to venous stagnation

the following: elevation of the leg to eliminate the adverse effects of
hydrostatic pressure, warm saline packs and antibiotics to overcome
%nfechon and aid healing; obliteration or removal of varicosities and
incompetent perforators, and utilization of external compression band-
ages when the patient is ambulatory. It is probable that the type of
ointment or local antibiotic used makes little difference in the rate of
healing. Operative procedures on the veins are contraindicated durin

the acute inflammatory phase of ulceration and must be deferr (gl
u.nhl infection has been controlled. Uniform external compre o

aids tissue fluid exchange and venous drainage. Such comprzszgon
may be achieved by applying circular elastic bandages, e‘astil:: s':olc(;:
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3. If the valve at the saphenous bulb is incompetent and the valves
of the communicators are competent, high ligation of the saphenous
vein (and tributaries) with stripping of the vein 1s accepted practice.
If there is evidence of varicosities in the lesser saphenous vein, this
vein should also be stripped.

4. If the valve at the saphenous bulb is incompetent and the
valves of the communicators are also incompetent, ligation and stap-
ping of the saphenous vein and dissection and ligation of the communi-
cators should be performed. Multiple incisions are usually necessary.
In some instances, injections of sclerosing solutions may be required
later.

5. Varicosities of the lesser saphenous system may be treated by
ligation of the lesser saphenous vein in the pophteal fossa at its junc-
ture with the popliteal vein and stripping.

Local Injection Treatment~Injection of sclerosing solutions into
varicose veins produces chemical changes in both the vem wall am.i
the blood. A thrombus is formed which ultimately undergoes organi-
zation. Canalization of the thrombus and recurrence of varicosities
often occur if the thrombosed vein is in communication with open
veins. A recanalized vein is a poor substitute for either a normal or a
thrombosed vein because the wall of the recanalized vem is thick, its
valves are destroyed and stagnation of blood within the vein occurs.

A large number of sclerosing solutions are available Sodium
morrhuate (5 per cent) is perhaps the most widely used agent. Be-
cause severe or even fatal sensitivity to this drug occasionally oceurs,
a test dose should be given on the first visit, If there is no evidt.znce
of sensitivity, injections are usually given a week apart in divu'ied
doses into several areas. The possibilty of late sensitivity requires
repetition of the test dose when there are long intervals between njec-
tions All intravenous injections are potentially dangerous and must
be administered with great care. The danger of producing 2 d'eeP
thrombosis from injection of superficial veins must be kept in mind.
It is surprising that this serious complication does not occur more
frequently than it does.

COMPLICATIONS OF VARICOSE VEINS
Vanicose Urcer.—The combined effects of chronic malnutrition of
the tissues of the lower leg plus trauma with secondary infection often
lead to varicose ulcer (Fig. 138). Usually, the ulcer is located above
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ings or an Unna paste boot. In resistant varicose ulcers, skin grafts
may be neeessary to achieve rapid coverage.

Srasts Dunstatms.—The pathogenesis of stasis dermatitis (Fig.
139) is similar to that of varicose ulcer. However, varicose veins may
be small or absent in this condition. Sceondary mixed bacterial or
fungus infections commonly complicate the cezema. Treatment of

A )

Fic. 141.~Pathophy siology of the postphlebutic syndrome of the leg. A, acute
thrombotic occlusion of the deep vems with destruction of vcnous valves, Edema of
the leg. B, recanalization of thrombosed veins of the deep system, but vales
have been permanently destroyed. C, vancosities of the superficial veins and chronic
edema, nduration, pigmentation and ulceration due to unrelieved venous hyper-
tension in the upright position and failure of the “penipheral venous heart.”

stasis dermatitis requires correction of the disturbed circulation and
elimination of infection.

Tunospoprceniris.—Thrombophlebitis of the superficial veins usu-
ally results from trauma, infection or the injudicious use of sclerosing
solutions (Fig. 140). The involved vein becomes firm, tender and
cordlike. Swelling and cellulitis of the leg may appear. Varicose veins
are un.de}'stnndably susceptible to thrombophlebitis. Conservative treat-
ment is in order. Although the danger of pulmonary embolism is not
%}l;eat,bsu?h a possibility must be kept in mind. Eatension of the

hrom. otic process to the deep veins of the leg may lead to the
chronically swollen leg of the postphlebitic syndrome.



i
4

Fic. 139 (above) —Stasts dermatitis and ulceration due to varicose vewns, Note
pigmentation bilaterally and some chronic edema on the nght. iwh

F1c. 140 (below).,—Acute thrombophlebits of the saph vem 1n the thig]
due to mjection of sclerosing solution Treated conservatively with good results
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related 1o its development. The lymphatics become dilated, and their
valves are rendered functionless, Secondary changes result in the
extremity from lymph stasis,

Obstructive lymphedema may result from inflammatary, neoplastic
or traumatic agencics. It is refatively frequent after operations for

Fic. 142 —Massive chromc lymphedem: 7 t i i
tomy for cancer (Elephantiasis chfrﬂgglca ) @ of the ann following radjcal mastec-

cancer, when removal of large segments of the lymphatic circulati

is coupled with the inflammatory reaction of wound healing a d/on
radiotherapy. This combmation results in a decompensatioxgl '} tl(:r
lym_phatxc circulation of varying degree. This situation ma: occuo i -
radical mastectomy (Fig. 142), radical groin dissection, e)t,c zm:la o
l‘ead to permanent structural changes. The adverse inﬂ\lxenc; f i
imposed infection is obvious. 1t is imperative that edema be m(;nisrx:ipzz;
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Hextorniiace.—Bleeding may occur externally or into the sub-
cutaneous tissues, producing an area of ecchymosis. Blecding can be
easily controlled by elevation of the leg and slight sustained pressure
over the bleeding area. Most subcutaneous hematomas will absorb
without special therapy. Rarely is specific treatment required for
acute hemorrhage from varicosities, but attention should be directed
toward their treatment following recovery.

PosteHLEBITIC SYNDROME.—The postphlebitic syndrome (Fig. 141)
is the result of an extensive thrombosis of the deep veins of the leg
It is charactenzed by chronic enlargement of the leg, usually with
pigmentation, induration, ulceration and a variable degree of disability.
Varicose veins may or may not be associated. Treatment is directed
toward reducing and controlling edema and the complications of tissue
anonia. The operative or the injection treatment of varicose veins
associated with the postphlebitic syndrome is contraindicated, except
when 1t can be demonstrated that the deep venous circulation is ade-
quate and that treatment of the superficial veins will improve the
circulation of the leg,

LYMPHATIC DISEASE

The flow of lymph is intimately related to fud flow m other
compartments, including the arterial and venous channels and the
intercellular spaces. Alterations in one system are reflected by changes
in all. For example, chronic venous disease (as well as some arterial
conditions) may lead to excessive filtration and madequate absorption
from the capillary loop, resulting in stasis of fluid in the intercellular
spaces. The lymphatic channels may be completely overburdened and
unable to keep pace with the fluid accumulation 1n the intercellular
spaces. Under these circumstances, secondary effects resulting Iargel}'
from edema and anoxia of tissues, plus the irritant effect of high
protein concentrations in the interstitial fluids, may lead to permanent
structural changes. This then becomes a self-perpetuating vicious
cycle. The usual changes due to such a waterlogging of the tissues arc:
edema, thrombotic and fibrotic obliteration of the lymphatics, diffuse
fibrosis, eczematoid skin changes, pigmentation, ulceration and per-
manent limb enlargement.

A congenital type of lymphatic insufficiency which usually in-
volves the legs is known as “Milroy’s disease.” It is secn most commonly
about the time of puberty, and a hereditary factor is presumed to be
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during its early stages; otherwise, permanent and progressive changes
can be expected to follow.

The same mechanism is often invoked following extensive soft-
tissue or bone injury or primary or secondary malignant disease located
at sites where the lymphatic channels are confluent (such as the axilla
or the groin), or when severe degrees of venous obstruction lead to
the postphlebitic state.

Elephantiasis is the massive enlargement of an extremity due to
decompensation of the lymphatic circulation, Filariasis is a classic
cause, but the condition may occur after operation (elephantiasis
chirurgica ). Excision of large segments of subcutaneous tissue, in-
cluding the dilated fluid-filled Iymph spaces and fascia over the
muscles { Kondoleon’s operation), may provide a basis for the develop-
ment of new lymphatic communications through deep lymphatics of
the muscles, with the restoration of some degree of lymphatic com-
pensation
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should be collected and recorded as soon as circumstances permit, be-
cause later it may be unobtainable. 1f the patient is a minor, parental
(or legal) permission must be obtained before instituting tn:.ltmcnf,
except under emergency conditions, A written penmit is desirable if
surgical treatment under anesthesia is planned.

After emergeney measures bave been instituted and the examina-
tion completed, sequential treatment may be planned. It must be
decided whether immediate or delayed treatment of the fracture is in
order. Simple fractures, in the absence of complicating injurics, are
treated without delay. If associated vasculir or nerve injury exists,
emergency treatment is mandatory. Open (compound) fractures also
require urgent treatment. However, if other serious injuries exist, or
the patient’s general condition is unsatisfactory, immediate local treat-
ment of the fracture may be contraindicated, Some fractures, such as
simple fractures of the skufl, are best left alone.

X-ray examination must be performed in every instance. Whether
or not x-ray films are secured immediately depends on the condition
of the patient. Moving the patient for such an examination may be
unnecessary and harmful if his general condition is precarious. Under
these circumstances, resuscitive measures have priority and x-tay
examination should be deferred until the critical period has passed.
Y the x-ray examination is delayed, it is advisable that the surgeon
record the 1easons for doing so, in order to protect himself against the
possibility of a subse-yuent charge of malpractice.

CLASSIFICATION OF FRACTURES

A fracture is a break in the continuity of boue or cartilage, usually
due to external violence. Fractures may be classified in many ways,
according to lacation, configuration, time of life, joint involvement,
associated bane disease and whether or not they communicate with
the exterior. They may result from direct or indirect injury. Fractures
may also result from muscle pull, in which case a small piece of bone
is avalsed by the force transmitted through the tendon. When rota-
tional forces operate, the fracture is likely to be oblique or spiral in
direction. Direct forces usually produce a transverse break. Fractures
through diseased bone (pathologic fractures) are most commonly
transverse.

In a closed (or simple) fracture, the fracture site does not com-
municate with the outside. The skin is intact,



CHAPTER 29

Fractures

THE PHYSICIAN who undertakes the treatment of
an injured patient assumes a responsibility of considerable magmtude.
He must conduct a rapid general examination and, if indicated, insti-
tute emergency treatment for those conditions which threaten life.
After this, or when the situation is not eritical, he may proceed to a
more complete evaluation and definitive treatment according to the
“four R's”; recognition, reduction, retention and rehabilitation.

Despite the fact that the patient may believe he has only 2 single
injury, 1t is essential that a complete examination be made in order
to avoid overlooking associated or other injuries. The record of the
imitial survey should contain such pertinent items as: the body tem-
perature, pulse and respiratory rate, blood pressure and responsive-
ness, as well as a description of the general and local physical findings.
These data should be concisely, but accurately, noted.

The local examination is Iikely to demand the greatest attention
Not only must the broken bone be assessed; but the condition of the
vessels, nerves, tendons and muscles of the injured part must also be
carefully noted. The associated injuries to major nerves or blood ves-
sels are often more important than the fracture itself. It is essential that
the examiner be familiar with tests for the integrity of the major nerves
and vessels Observations relating to the local circulation and innerva-
tion should always be recorded.

In most fracture cases the history is not complicated. For com-
pleteness of the record, such items as the time, place and circumstances
surrounding the accident should always be included. Whatever pre-
vious treatment the patient has received should be detailed. Usually
the patient will be able to give the history, but sometimes it must be
obtained from relatives or other interested parties. This information

614
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deposition of calcium salts, with formation of a callus and ultimate
bone production. This process is considered in Chapter 2, on Wound
Healing and the Care of Wounds. )

The rite at which uncamyplicated, ar narmal, fracture healing
occurs cannot be accelerated. However, local or systemic disturbances
may interfere with the healing process. The most important adverse
influences are:

1. Lack of reduction {or of “setting the broken bone™). The bone
ends are not in contact. Distraction, or scparation of the bone
ends, as well as over-riding, may delay or prevent healing.
Failure of immobilization. Like other tissucs, bones heal best
whilc at rest. Early in the course of fracture healing, immobili-
zation is needed in all planes. Later, longitudinal stresses may
stimulate union.

Loss of the fracture hematoma. This results in Joss of the
scaffolding necessary for the formation of granulation tissue
and callus which binds the bones together.

Foreign bodies in or near the Iracture site. Foseign bodies may
slow the rate of healing. Under certain conditions, metallic
appliances are used for internal fixation. The advantages which
they provide in terms of reduction and retention may oubweigh
their disadvantages.

Infection at the Iracture site. Infection prolongs the healing time
of bone, the same as in other tissues.

6. Poor blood supply to one or both fracture fragments. This im-

pairs the healing process or makes it impossible,

A fracture is said to be “healed” when immobilization is no longer
needed. Some fractures heal in a few weeks; otbers require months, or
years. Gomplete healing, including fnal realignment and maturation of
bony trabeculae, is a process which continues for a long time. The
state of the healing process may be judged by the time interval since
the fracture occurred, the local findings and the x-ray appearance.

The time required for fracture healing varies according to the
location, type, blood supply, complications, treatment used and, to
some extent, the age of the patient. There is no marked difference in
the rate of fracture healing between youth and old age, but it is much
more rapid in infancy and childhood than in adultlife.

) When examination reveals no motion at the fracture site, no local
pain on movement and the callus is nontender, firm and contracted
the fracture has probably healed. iy

Healing has probably taken place when, in the xray film, the

@
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In an open (or compound) fracture, the fracture site communicates
with the outside. An open fracture may result from an external injury
which produces a wound that enters the fracture site; from an internal
injury (from bone ends) which penetrates through the tissue, includ-
ing the skin, to the outside; or from a combined external and internal
injury.

Birth fractures occur in the newborn as a result of birth injury. The
humerus is most commonly fractured; the femur and clavicle less
often Such fractures heal rapidly.

A greenstick fracture is a type of fracture that occurs in children
and js Iikened to the greenstick because only one cortex is broken
while the other remains intact. Frequently there is a longitudinal
crack extending both ways from the incomplete transverse fracture
line There is usually little deformity, and healing is rapid.

An epiphyseal separation may be considered a fracture. It occurs
m children when the epiphyses are open. Actually, it consists of a
fracture through the epiphysis.

In an impacted fracture, the ends of the fractured bone are driven
together and become locked.

In a comminuted fracture, there arc more than two bone frag-
ments.

In a complicated fracture, there is associated damage to important
vessels, nerves or other structures.

A fracture dislocation is a fracture and a dislocation in the same
region—for example, dislocation of the shoulder associated with a
fracture of the humeral neck.

A pathologic fracture is a fracture through a2 bone weakened by
infection, tumor or osteoporosis. Usually the force which produces
such a fracture is negligible, compared to that required to break a nor-
mal bone.

A fracture is complete or incomplete according to whether the
break extends through all or part of the cortex.

In a displaced fracture, the fragments are in abnormal position. In
an undisplaced fracture, they are in normal position.

Transverse, oblique and spiral are terms used to describe the
configuration of the fracture line.

HEALING OF FRACTURES

The healing of a fracture is substantially the same process as that
which occurs in the healing of other tissues, except that there is a
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Flporoscopic examination generally should be avoided. It usually
affords little information, pro\'idcs no permancent record and s poten-
tially dangerous to Doth the patient and the examiner.

Adequate sy flms it two planes (anteroposterior and lateral)
are sequired (Fig 143). Stereoscopic films are sometimes necessary.
Because the possibulity of injury beyond the abvious Iracture site often

i ur vttt

Fic. 143.—X-ray films showing fracture thy 3
forem A (Collcs'gfmctu‘:cc)s. of the lower end of both bones of the

exists, the joints above and below the fracture are usually x-rayed, It
may be advisable to take films of the opposite, the normal e\t}rerr;i
for comgaﬁson with the injured side. o v
With experience, interpretation of the films i i
The fracture line may rl?e obvious. The :lncsg:i; S:sgyt:'ozd;f?cs!h
placement can be determined by studying both views, In Eame casls-
the fracture line is obscure but becomes evident when the films o
studi.ed for disturbed relationships, irregulanty of the cortex or (’1"’9
ruption of th.e normal cortical pattem. Occasionally the [racAture h'ls‘
cannot be visualized in the initial x-ray flms, but becomes evid, ot
after bone absorption has occurred. For e.‘mm‘p]e, if a patien: ll\ o
suspected fracture of the carposcaphoid but the v-rays are nega;‘isw':
s
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fracture line is no longer clearly visible (obliterated) and the callus
has become dense from new bone formation. I there is sclerosis of
the bone ends and little or no callus, impairment of the blood supply,
and possibly nonunion, must be suspected.

In general, then, the fracture may be said to be healed when
sufficient time has elapsed for that particular type of fracture to have
bealed; when there is evidence of stabality at the fracture site, when
the callus is contracted and not tender; and when the x-ray findings
reveal secure bony union.

DIAGNOSIS OF FRACTURES

The diagnosis of fracture is based on the history, physical examma-
tion and x-ray studies.

The patient should be questioned regarding the mode and severity
of the mjury. This may give an indication of the type of fracture
sustaned. Often the patient may state that he heard or felt a snap as
the bone was broken. For example, 1t is common for an elderly patient
who has tripped on a rug to feel a snap in the hip and then fall to the
floor wath a hip fracture. There may be pain, swelling, “grating” and
disabality mmmediately following the injury. Exammation will reveal:

1. Localized tenderness over the fracture site.

2, Ecchymosis and swelling due to hemorrhage and edema.

3. Deformity. Certan fractures produce a charactenstic change;
e.g, “silver fork” deformity of Colles’ fracture.

4. Crepitus The grating produced by the two ends of the bone
rubbing against each other on movement is charactenstic. 'The
sign may be noted by the patient. Do not test for cepitus,
because there is danger of causing more damage.

5. False motion. False motion defimitely indicates the presence of
a fracture. It should be searched for with extreme gentleness.

6. Loss of function.

X-ray examination is mandatory for all fractures and possible
fractures. Generally, fracture cannot be ruled out by any other means
For this reason, if, after injury, a fracture is possible, the surgeon
must proceed on the assumption that there is a fracture until s
ruled out. This aspect of medical practice has many legal implications,
and from the viewpoint of protecting both the patient and the pbysi-
cian, x-ray examination must be done.
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after ten to fourtcen days of appropriate treatment lh(.: clinical diag-
nosis may be verified by the findings on a-ray examination.

“Ihe exanviner must avoid confusing accessory bones, such as the
sesamoids, with fractures. The sesamoids are common in the hands
and fect, but they also occur in the clbow, knee and other arcas,

X-ray films should be made (1) before treatment, (2) after re-
Juction and/or after immobilization and (3) throughout the healing
period at frequent intervals. N ]

The pertinent items to be checked befare definitive treatment is

Ulnor n.

Fic. 145.~Sensory mnervation of the hand. A, the palm of the right hand.
B, the dorsum of the right hand. {Note: There 15 considerable variation and over-
lapping of sensory areas.)

undertaken, as recommended by the American College of Surgeons in
the Qutline of the Treatment of Fractures (1954}, are:

. The direction of the plane of fracture

The amount of comminution

The amount and character of the displacement

The amount and character of injuries to the adjacent tendons, muscle
and ligaments

‘Whether there has been an associated nerve injury [see, e.g., Figs. 144
and 145]

Whether a second fracture exists, either adjacent or remote

. Whether a dislocation at the adjacent joint complicates the fracture

Whether the circulation at or distal to the site of injury has been seri-
ously compromised

gt e grta
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Fic. 144.—Some sumple tests of nerve and tendon function of the hand. A, com-
plete extension of the fingers and thumb, for testing function of the median, ulnar
and radial nerves and the cstensor tendons. B, “Make a cone,” for testing function
of medtan and ulnar nerves and the intrinsic muscles of the hand. C, “Make a fist,”
for testing function of the median and ulnar ncrves, flexor tendons of Engers and
adductor muscles of the thumb. D, “Make a circle” with the thumb and index finger,
for testing function of the median and ulnar nenves and muscles of these fingers.
E, “Raise the hand” from table, for testing the integnty of the radal nerve and
extensor muscles of the fingers and wnist
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a splint. Morphine and related drugs must be u.scd sparingly and
judiciously. That they often compound the di(ﬁcultl‘cs of management
of severely injured patients, particulasly those with head, chest or
abdominal injurics, has already been emphasized.

The injured patient should be reassured and made as comfortable
as possible. He should be kept warm, He must not be subjected to
further mental or physical stress. Additional injury must be prevented
at all costs. Closed fractures can be converted into open fractures by
rough handling. Extensive damage to major vessels and nerves some-
times results from unnecessary manipulation or failure to splint the
fractured estremity.

“Splint ’'em where they lie” is a rule to remember. For the estrem-
ities, pillows, boards, etc., tied into place, may be used. The Thomas
splint, if available, is best for fractures of the lower extremity. Traction
may be used if indicated. Satisfactory immobilization of the leg may
often be achieved by placing a pillow or folded blanket between the
legs and binding them together. The well leg then serves as a splint for
the injured Ieg. For upper extremity injuries, the amm may be immo-
bilized in a sling or swath bandaged to the chest wall.

Patients with vertebral injuries (Fig. 146) should be handled and
transported in “one piece.” Flevion must be avoided, and the patient
should be moved only after adequate preparations have been made.
He should be gently rolled, or hfted, in “log fashion” into the prone
position onto a firm surface, such as a door. When moving the patient,
there must be sufficient help available to keep the body straight at all
times. For cervical spine injuries, the patient should be placed face up,
with sandbags or blankets placed at each side to prevent rotation and
flexion of the head on the neck.

OBJECTIVES IN TREATMENT OF FRACTURES

Often the most urgent need is to save the patient’s life, which may
be threatened by hemorrhage and shock, respiratory or cardiac failure,
or infection, including tetanus or gas gangrene. First, the patient him-
self must be treated. Next, the surgeon may consider measures to
provide early healing and return of function. Finally, cosmetic results
may be considered. At all times, the surgeon must be sure that treat-
ment will not make the patient worse. A few examples will illustrate
these principles:

1. A middle-aged man saw his physician for an ankle injury of two
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TREATMENT OF FRACTURES .
EMERGENCY (FIrsT-AID) TREATMENT

The first-aid treatment of fractures includes those measures which
are applied at the scene of the accident and during transport. It does

Fic 146 —~Compresston fractures of the vertebral column Note the wcdglﬂg
of the 12th thoracic and 1st lumbar vertcbrae Damage to the spinal cord resulte
n paraplegia

not differ greatly from that given in the emergency room of a hospatal,
but it 1s necessarily more limited.

The immediate objectives are: to sustain and support life and to
avoid further injury Respiratory obstruction, hemorrhage, shock and
infection are high-priority considerations. Pam must be relieved. Th'IS
may be accomplished by simply immobilizing an injured extremity in
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A figure-of-cight elastic bandage would have given a better result.
Bed rest with support between the scapulae, plus lateral traction,
gives excellent cosmetic results. Open reduction of the clavicle is
rarely indicated except to relieve pressure on neurovascular structures
or to prevent sharp bone spicules from perforating the skin and pro-
ducing an open fracture.

5. An elderly woman with an intertrochanteric femoral fracture
was treated with a double-hip plaster cast {spica). The fracture healed
in good position, but pressure from the cast and inadequate nursing
care led to pressure sores {decubitus ulcers) over both anterosuperior
iliac spines and the sacrum.

Intertrochanteric fractures of the femur almost always heal with-
out difficulty, regardless of whether the fracture is reduced or not.
Treatment either by traction or by internal fixation would have been
preferable in this instance.

6. A soldier was injured in an automobile accident and experi-
enced severe back pamn. He moved his feet well but did not attempt to
stand up. Sympathetic passers-by lifted him by his shoulders and fect,
severely flexing the trunk. From that moment, the patient was para-
plegic.

The physician is seldom implicated in such a tragedy. He learns
to roll or lift the patient log-fashion; to apply shoulder (or head) trac-
tion when moving him; and to transport him with the face down in
case of dorsolumbar spine injury, or supine with the head extended
in cervical spine injury.

The surgeon must always consider how the proposed treatment
would benefit the patient. Mild compression fractures of the lumbar
spine and all compression fractures of the dorsal spine, without neuro-
logic deficit, are best left impacted without attempted reduction. These
impacted fractures heal more quickly when left impacted. They permit
the patient to become ambulatory quickly; muscle strength is retained;
and functional recovery hastened. If ambulatory immobilization of tht;
spine is needed, a few weeks after the injury a well-fitting plaster
jacket or brace may be applied.

Nasal fractures may be treated (a) to improve the nasal airway
and (D) to unprove the appearance. Malar fractures may require

elevation into proper position (a) to prevent an unsightly sunken
cheek.bone or (D) to correct vertical diplopia due to orbital floor de-
pression, with pull on the lateral canthal ligament. Mandibular frac-

tures are treated primarly to restore normal dental occlusion; hence
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weeks’ duration. The x-rays showed a fracture of the tip of the medial
malleolus with moderate separation of the fragments but no significant
displacement. Open reduction and fixation with a metal screw was
carried out. Postoperative infection occurred and was followed by a
prolonged illness. A year later there was persistent wound drainage, the
jomts were stiffened, and the tibiz was sequestrating (osteomyelitis).

While operation may actually have been indicated in this particu-
lar case, the ensuing catastrophic complications point up the risks
involved

2 A young man suffered an open (compound) fracture of the
tibia The wound was débrided; a heavy metallic plate was used to fix
the fragments; and the skin was left open, with the plate exposed n
the infected wound. When seen six months later, the visible bone was
dead-white and devoid of periosteum. Pain was severe. The patent
demanded that the extremity be amputated. The request was refused
because of the patient’s youth and the intact blood and nerve supply
and because measures such as removal of the foreign bodies, prolonged
immobilization, antibiotic therapy and general supportive measures
had not been attempted. The patient left the hospital to search for
someone who would amputate the leg,

Internal fixation is used in certain open fractures only when there
is little chance of infection, and then only if there is 2 particular need
for internal fixation. When internal fixation 1s used, the skin must be
closed over the appliance.

3. An elderly patient with an impacted fracture of the neck of the
humerus was treated for several weceks in a shoulder cast. The fracture
healed well in its original, satisfactorily impacted position. The
shoulder remained stiff and pamful following removal of the cast, a.nd
motion at the elbow was also restricted as a result of prolonged im-
mobilization

Humeral neck fractures in patients beyond middle age are usually
treated with a shing or a light “hanging cast.” Shoulder exercises are
encouraged from the beginning, to prevent shoulder stiffening Im-
pacted fractures of the humeral neck ordinanly require only a shng.

4. A young girl with a fractured clavicle was treated by open
reduction in the hope of obtaining the best possible cosmetic reSl.llt-
The clavicle bowed at the site of insertion of the screw; excessive
callus formed a bulge beneath the skin; and an unsightly operative
scar ran along the clavicle. The scar was tender, probably from post-
operative neuromas of divided supraclavicular nerves,
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of reduction of the fracture were the only consideration and if the
bone, rather than the whole patient, required treatment, a cult of
“bone carpenters” would be fully justified.

Mertons of REDUCTION AND IMMOBILIZATION

MaxwvLanve Revvorion.~During  manipulative reduction the
xray films should be in view. Anesthesia should be consistent with the
relaxation necessary for manipulation and for prevention of pain.

A displaced fracture may commonly be restored to normal align-
meat by the application of longitudinal traction combined with the
indicated angulating or rotating forces, In some fractures, it is first
necessary to mcrease the defermity and to disengage the fragments,
or to bring them into marginal contact. The neat step consists in cor-
rection of alighment. The forces required to elfect manual reduction
are, in general, the reverse of the forces which produced the fracture,

Consideration must always be given to the direction of muscle
pull on the fragments when reducing a fracture. Usually, the position
of the proimal fragment is accepted and not altered, while manipula-
tion is directed toward bringing the distal fragment into alignment
with the provimal fragment. This is necessary because the surgeon
can ordinarily control the position of only the distal fragment.

Tracrion Repverion.—Traction is used to overcome over-riding
or for regaining normal length. It may be applied to an extremity by
means of adhesive strips (skin traction) or by metal wires or pins
placed through bone (skeletal traction). A system of ropes, pulleys
and weights is constructed according to the forces needed. Continuous

traction may be used for days or weeks, for purposes of both reduction
and immobilization. The amount of traction can be altered, according
toneed, by. changing the amount of weight used.

throﬁgl]]m:shfggigo:t isa ttypel of ov.crhend traction usually tr.llflsnll'(lC\:.[
used £ reduce and i“PS l;’The}_skm of both lower extremlt.xes.. It is
and young chxldren.m(;’:: 1;5{; c:nczures'o]f th.c- fem({m) shaf.t in infants
tocks slightly y ent weight is applied to lift the but-

off the bed. With this method t} ild i
and nursing care is facilitated. eihod the child s comfortable

Skeletal traction is preferred in
;:lltin(lite (?e pull necessary to effect reduction. The usual site for the
wirZ)u‘mo}? o)f a metallic pin or wire (Steinmann pin or Kirschner

in the lower extremity is through the tibial cortex deep to the

adults because their skin will not
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the teeth must be held in proper occlusion during the healing of the
fracture.

Ankle fractures are treated to restore normal relationships in the
ankle mortise and to avoid irregular joint surfaces. Os calcis fractures
are treated so that (a) ankle motion is uninhibited; (b) jomt surfaces
are as smooth as possible, to lessen the seventy of post-traumatic
arthritis; and (c¢) the heel is sufficiently restored in contour and width
to permit the wearing of shoes. Patellar fractures are treated (a) to
restore functional continuity of the quadnceps mechanism; (b) to pre-
vent the development of a rough patellar surface which articulates
with the femur, and (c¢) to remove material, such as bone fragments,
from the knee jomt.

Rib fractures may be treated by taping and by using intercostal
nerve blocks to relieve painful respiration and to enable the patient
to clear the respiratory passages by coughing. With multiple rib frac-
tures at two or more sites, the chest wall may become unstable, pro-
ducing paradoaical chest movement and marked interference with
ventilation. In this circumstance, stabilization of the mobile chest wall
by means of external fixation may be necessary.

Femoral shaft fractures are treated primarily to prevent angulation,
foreshortening or rotary malalignment They usually heal well, but it 1s
important to prevent deformities which might cause limp and back
strain from shox‘tening, knee stran from angulation, or an awkward
walking position (“toe in” or “toe out”) from rotation.

Certain fractures associated with a poor blood supply to one
fragment (e.g., femoral neck and carposcaphoid) require nearly ana-
tomic reduction with complete and prolonged immobulization, so that
the blood supply from the well-vascularized fragment can quickly
“invade” the devascularized fragment.

Stable fractures are those in which closed reduction is easily
maintained as a result of favorable muscle pull or of fracture ends that
were well formed for locking. These fractures are best treated by
closed reduction and the application of an appropriate cast. Unstable
fractures are usually oblique and subject to a shearing force from
muscle pull or functional stress. In unstable fractures the surgeon must
provide against displacement by the use of traction to counteract
muscle pull or to secure the fragments against redisplacement by
internal fixation.

The foregoing discussion regarding fractures illustrates the neces-
sity for careful consideration of the objectives of treatment. If beauty
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of reduction of the fracture were the only consideration and if the
bone, rather than the whole patient, required treatment, a cult of
“bone carpenters” would be fully justificd.

Mernons oF Repterion asp IMMOBILIZATION

Maswerame Repvenox.—During  manipulative reduction the
xray films should be in view. Anesthesia should be consistent with the
relaxation nceessary for manipulation and for prevention of pain.

A displaced fracture may commouly be restored to normal align-
ment by the application of longitudinal traction combined with the
indicated angulating or rotating forces. In some fractures, it is first
necessary to increase the deformity and to disengage the fragments,
or to bring them into marginal contact. The neat step consists in cor-
rection of alignment. The forces required to effect manual reduction
are, in general, the reverse of the forces which produced the fractuse.

Consideration must always be given to the direction of muscle
pull on the fragments when reducing a fracture. Usually, the position
of the proximal fragment is accepted and not altered, while manipula-
tion is directed toward bringing the distal fragment into alignment
with the provimal fragment. This is necessary because the surgeon
can ordinarily control the position of only the distal fragment.

Tracrios Repucrion.~Traction is used to overcome over-riding
or for regaining normal length. It may be applied to an etremity by
means of adhesive strips (skin traction) or by metal wires or pins
placed through bone (skeletal traction). A system of ropes, pulleys
and \'veights is constructed according to the forces needed. Continuous
traction may be used for days or weeks, for purposes of both reduction
and immobilization. The amount of traction can be altered, according
toneed, by changing the amount of weight used.

Bryant’s trz{ction i.s a type of Dv.erhcad traction usually transmitted
through adhesive strips to the skin of both lower evtremities, It is
o ot G e acmorlsaft i infants
tacks slightly oft th.e b:({ s\l‘;lt}(: this me%hodlstgpp Ie'd t? lift the but.

4 . e child is comfortable

and nursing care is facilitated.
mkﬁfﬁi ;}ml;lclt:)n is pref:a(r’rezfl[ e’:t adsltsnpecause their skin will not
introduction of 3 eC:::;;;’Z ineor wil;'e lzg i he e " Slte:.for the
wire) m the ]oxve:nextremi{’ is th e tcm'mfmn P or Kirschner
X y is through the tibial cortex deep to the
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inferior portion of the tibial tubercle. While traction applied here
has the disadvantage of pulling across the knee joint and stretching
its capsule and ligaments (as in femoral fractures), the alternative
position, above the femoral condyles, has equally important disad-
vantages.

Skeletal traction may also be applied through the Jower tibia, os
calcis, greater trochanter of the femur, olecranon, distal radius and the
bones of the hand and foot.

Crutchfield tongs are used when traction is indicated for cervical
fractures or dislocations. They are similar to ice tongs but have a set-
screw adjustment to lock them into position after the prongs have been
inserted into the outer table of the skull. Traction is applied through
them to the skull and the cervical spine.

INTERNAL FixaTion.—Fractures may be reduced and fixed by open
operation. A variety of metallic contrivances, including plates, screws,
nails, bolts, bands, wires and intramedullary pins are used. Stainless
steel is most popular at the present time. The metals implanted should
be those that are least irritating to tissues, and all of the metallic parts
should have the same chemical composition in order to aveid the
“battery effect” of dissimilar metals, which may lead to 1impaired
healing,

ExTERNAL-INTERNAL Frxation.—The term “eternal-internal fixa-
tion” was coined to cover a variety of technics which involve external
fixation of metallic pins placed into, or across, the fractured borl.e.
The pins may be inserted through the bone to project from the skin
on either side of the extremity. One or two such pins placed above
and below the fracture site can be stabilized externally by use of
adjustable metal bars or by incorporating the pmns into a rigid plaster
cast. This method of fixation is not widely used today.

Insofar as possible, joints should be immobilized in a position f’f
function, For the hand, this means slight dorsal flexion at the wrist
and flexion at all finger joints. In this position, capsular and ligamen-
tous shortening is minimized and restoration of function aided, as
compared to the course following immobilization of the hand in exten-
sion, By preference, the elbow is immobilized at 90 degrees flexion;
the forearm in mid-pronation-supmation; and the shoulder in moderate
abduction and forward fiexion The ankle should be immobilized at 80
degrees with neither mnversion nor eversion, The knee may be placed
in complete extension or slight flexion, The hip is most advantageously
held i slight flexion and moderate abduction.
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Orex Repucrion.~In certain fractures, reduction and retention
can be achieved only by opcn operation. Operation should be under-
taken only if the anticipated result is definitely better than can be
expected from closed treatment. The decision to operate must often
depend on the experience and judgment of the surgeon. The following
conditions favor open reduction:

1

w0

~

8

9.

10,

Open fracture; fracture site already exposed (usually no in-
ternal fisation is added)

2, A fracture in which closed reduction is known to usually fail
3.
4. A fracture in which there is evidence of interposition of soft

An unstable fracture which is likely to become displaced

tissues between the fragments

. A fracture in which there are loose fragments in a joint

A fracture in which improved immobilization of the fragments
is desirable (e.g., femoral neck fractures)

. Certain fractures in which early mobilization of the patient

is desirable
Certain pathologic ractures
To lessen the period of hospitalization or absence from work

. To facilitate cast care (e.g, intramedullary nailing of the
femur)

‘The objections to open reduction are:
1. It usually entails a major operation.

2

N oG W

9. The introduction of forej;

10.

—

1

There may be serious interference with the blood supply to the
fracture site.

. There 1s danger of infection.

. There may be loss of the fracture hematoma.

The bone ends may be held apart by the apparatus used.

Even after internal fixation, a plaster cast is usually necessary.

. Penosteal stripping and dissemination of the hematoma may

result 1n development of myositis ossificans.

. Important vessels and nerves near the fracture site may be
mjured.

ign bodies favors the development
of infection.

Metallic objects in or near a jount increase the likehhood of
joint stiffness.

- In children, damage to the epiphyses alters growth of bone.
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TREATMENT OF OpEN {CoMPOUND) FRACTURES

The term “open fracture” is preferred to the older designation,
“compound fracture.” In open fracture the fracture site communicates
with the exterior. The compounding may result from within, as when
a bone spicule punctures the overlying skin, or from without, as when
an external force produces a fracture and a wound through all tissues
overlying the bone. Bacterial contamination depends on the extent of
the wound, the circumstances of the wounding and whether foreign
material has been carried into the wound. Open fractures are generally
considered “contaminated” from the start. Durng the first eight to
twelve hours following injury, careful wound treatment, including
débridement, may serve to convert the wound into a relatively clean
or “uncontaminated” state, so that it may be closed. The fracture may
then be treated as a simple fracture, except that antibiotic protection
15 added. Open fractures should be considered infected if twelve (or
more) hours have elapsed before treatment is instituted. The time
factor is variable according to the circumstances. The surgeon must
be certain to use good judgment in deciding on the treatment of open
fractures.

The following examples will illustrate how circumstances may
cause deviation from general rules:

1. An open fracture, compounded from within and sustaned in
the home, could be considered “contaminated” rather than “infected,”
although not treated until eighteen hours after the injury. During the
interval the small wound was covered with a sterile dressing, and the
skin and clothing at the site of compoundng were clean.

2. A farmer suffered an extensive leg wound when he was run over
by a tractor in the barnyard. The tibia was fractured, and manure-
covered clothing had been driven deeply into the wound. A dirty
handkerchief was packed into the wound to control bleeding Treat-
ment in the hospital was instituted within four hours after injury. After
careful débridement and irngation, the wound was not closed. The
surgeon treated the wound as if it were infected, although the theoreti-
cal “golden period” had not passed. Furthermore, the surgcon admin-
istered generous prophylactic doses of tetanus and gas gangrene anti-
toxin, as well as antibiotics.

3. A college student struck a man in the mouth, thereby suffering
a knuckle laceration and an open metacarpal fracture, Treatment was
instituted within two hours. The surgeon cleansed and débrided the
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wound but left the skin open. The fracture was reduced and immo-
bilized. The patient was hospitalized, and antibiotics and tetanus
antitoxin (3,000 units) were given. The surgeon considered that there
was danger of serious infection from “human bite wounds,” and he
Delieved that this danger outweighed the advantage of following the
principle of “débride and close hand wounds in order to obtain the
greatest degree of functional recovery.”

Only in exeeptional circumstances should internal fixation ap-
pliances be used in open fractures. The introduction of foreign mate-
sials into an area of contamination favors the development of infection
and prolongs the course of cstablished infection. The placement of
appliances tends also to disseminate infection and to cause injury to
adjacent nonmal structures, making them more vulnerable to infection.

Some generalizations applicable to the treatment of open fractures
may be listed under “initial” and “definitive” categories, as follows:
A. Initial treatment (in emergency room):

. Stop hemorrhage and treat shock.

. Splint the fracture and cover the wound.

Quickly check for associated injuries,

. Quickly check for fracture complications, including vascular
and nerve damage.

5. Relieve pain. If needed, give morphine or Demercl® in small

doses intravenously.

Obtam indicated x-ray films if the patient’s condition permits.

. Administer tetanus antitoxin or tetanus toxoid, or both. Cas
gangrene antitoxm is indicated in certain cases.

de 03 o

e

B. Definttive treatment (in operating room):

1. Cleanse, shave and drape the wound region.

2. Imgate the wound with copious amounts of saline, from within
outward Remove foreign bodies; excise devascularized and
damaged tissues. Open fascia widely to permit exposure of
deeper recesses of wound. Remove small detached bone frag-
ments; rongeur away bone which has dirt ground into it.
Irrigate the wound repeatedly with large amounts of saline until
fat globules, blood clots, dirt fragments and all loose tissue has
been completely removed. Obtain hemostasis wi
fine catgut higatures.

Reduce the fracture under vision.

@

th pressure and

ol
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TREATMENT OF OPEN (COMPOUND) FRACTURES

The term “open fracture” is preferred to the older designation,
“compound fracture.” In open fracture the fracture site communicates
with the exterior. The compounding may result from within, as when
a bone spicule punctures the overlying skin, or from without, as when
an external force produces a fracture and a wound through all tissues
overlying the bone. Bacterial contamination depends on the extent of
the wound, the circumstances of the wounding and whether foreign
material has been carried into the wound. Open fractures are generally
considered “contaminated” from the start. During the first eight to
twelve hours following injury, careful wound treatment, including
débridement, may serve to convert the wound into a relatively clean
or “uncontaminated” state, so that 1t may be closed. The fracture may
then be treated as a simple fracture, except that antibiotic protection
1s added. Open fractures should be considered infected if twelve (or
more) hours have elapsed before treatment is instituted. The time
factor is variable according to the circumstances. The surgeon must
be certain to use good judgment in deciding on the treatment of open
fractures.

The following examples will illustrate how circumstances may
cause deviation from general rules:

1. An open fracture, compounded from within and sustained in
the home, could be considered “contaminated” rather than “infected,”
although not treated until eighteen hours after the injury. During the
interval the small wound was covered with a sterile dressing, and the
skin and clothing at the site of compounding were clean.

2. A farmer suffered an extensive leg wound when he was run over
by a tractor in the barnyard. The tibia was fractured, and manure-
covered clothing had been driven deeply into the wound. A dirty
handkerchief was packed into the wound to control bleeding. Treat-
ment in the hospital was instituted within four hours after mjury. After
careful débridement and jrrigation, the wound was not closed. The
surgeon treated the wound as if it were infected, although the theoreti-
cal “golden period” had not passed Furthermore, the surgeon admilf‘
istered generous prophylactic doses of tetanus and gas gangrene anti-
toxin, as well as antibiotics,

3. A college student struck a man in the mouth, thereby suffering
a knuckle laceration and an open metacarpal fracture. Treatment was
instituted within two hours, The surgeon cleansed and débrided the
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B. Late trcatment (chronic localized infection):
Immobilize the fracture.

. Give tetanus antitoxin or tetanus toroid.

. Remove sequestea.

Administer appropriate antibiotics.

. Carrect anemia and nutritional deficiencics.

The foregoing measures are those that are used in treating acute
or chronic osteomyelitis of a localized type. If nonunion results, a bone-
grafting procedure may be necessary when the infection has cleared
and all wound drainage has ceased for a period of several months. It
should be r bered that tets toxoid or tetanus antitoxin is
indicated, not only at the time of the original injury (open fracture),
but also before late manipulation or operation on the fracture. There
is always the possibility of activating the growth of tetanus spores in
the wound.

19—
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GENERAL COMPLICATIONS OF FRACTURES

The three main causes of death from fractures are: shock, which
may kill within the first few hours after injury; fat embolism, which
may kill during the first week after injury; and thromboembolism
(pulmonary embolism), which does not often cause death until the
second or third week after injury.

Sxock anp Hesrormmace.—Shock and hemorrhage may endanger
the patient’s life in the early period following injury. Traumatic shock
is best treated by splinting, by relieving pain, by avoiding additional
injury and by the judicious replacement of depleted blood volume. If
the response 1s unsatisfactory, search for hidden injuries.

Far Emporiss—Fat embolism occurs following multiple fractures
and fractures of large bones, particularly in elderly patients with fatty
marrow cavities. 1t is more common than realized and is often over-
looked, especially in its milder forms. The symptoms and signs which
may appear a day or two following injury are due to fat globules in
the capillaries of the lungs, brain, heart, retina, skin and other organs.
There may be fever and tachycardia, There is often dyspnea, with
cyanosis and cough. Retinal and punctate skin hemorrhages m,ay be
found In severe cases, reflexes are lost and convulsions ocecur., Mental
confusion appears, and the patient may become comatose and die.

Fat globules can often be demonstrated in the u i
No satisfactory treatment has been developed. R
manipulation of fractures predisposes the patient to

rine and sputum.
ough or repeated
fat embolism.



632

[=>]

FUNDAMENTALS OF GENERAL SURGERY

. Immobilize the fracture by—

a) Cast,

b) Cast incorporating Steinmann pins, proximal and distal to
the fracture site,

¢) Skeletal traction or

d) Internal fixation—only in exceptional circumstances and only
when the wound can be safely closed.

. Close the wound or leave 1t open, depending on—

a) Nature of compounding,

b) Degree of contamination,

¢) Time interval since mnjury,

d) Completeness of débridement,

¢) Ease of closure (do not close under tension) and

f) Circulatory status (do not close if circulation is impaired).

C  Contraindications to the closure of an open fracture wound are:

Ut = O kO

~N &

. Wounds that have been open eight to twelve hours

. Badly contused wounds

. Gross wound contamination

. Bamyard and bite wounds, ete.

. Necessarily mcomplete débridement (vessels and nerves in the

wound prohibit complete débridement)

. Closure impossible without tension

Impaired circulation

TREATMENT OF INFECTED FRACTURES

The treatment of fractures that have established infection may be
considered under the headings of early and late. The approprate
measures to be taken in each case are given below:

A. Early treatment (acute localized infection):

L

Institute general measures against infection, such as—

a) Rest,

b) Tetanus antitoxin (or toxoid) and gas gangrene antitoxin, of
indicated,

¢) Antibiotic therapy {consider locally used drugs) and

d) Maintenance of metabolic needs.

. Institute local treatment of infection:

a) Provide wound dramage.
b) Immobilize the fracture.
¢) Remove foreign bodies or sequestra,
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where the blood supply to one of the fragments is poor, accurate re-
duction and prolonged immobilization are necessary for healing.
Generally, union is slower in the midshaits of long bones, where the
cortex is dense and the bone is relatively poorly vascularized, than in
the ends of long bones and flat bones, where the hone is cancellous
and highly vascularized.

In nonunion, the fracture has not united in spite of an clapse of
time believed sufficient for healing. There is false motion (unless the
fragments are held by a fixation apparatus), and the x-rays show a
rounding-off of the sclerotic bone ends with obliteration of the marrow
cavity. The situation is such that healing will not occur despite con-
tinued treatment. Established nonunion requires open operation and
usually bone grafting for its correction. Prolonged immobilization and
compression forces will not bring about healing but will tend to
encourage the development of a pseudoarthrosis, or false joint, at the
fracture site.

In certain locations, bone fragments may be fised by fibrous tissue
instead of by callus and mature bone, even though the fragments are
viable and have an adequate blood supply. An example of such healing
is seen in the fibrous union which occurs following fracture of the tip
of the medial malleolus of the tibia. The functional result may be
satisfactory; and because the motion between fragments is slight, a
pseudoarthrosis does not develop.

Causes oF DELAYED UNION AND NONUNION

Several causes of delayed umon and of nonunion are described
below,

Poor Broop SuppLy To ONE FracMENT.—Poor blood supply is
Iikely to interfere with healing in femoral neck fracture, where the
proximal fragment has a poor or absent blood supply; in carposcaphoid
fracture, where the proximal fragment may be deprived of an adequate
blood supply, in the lower third of the tibja, where the distal frag-
ment is relatively poorly vascularized; and in fracture of the astragalus
where the posterior fragment is Likely to be separated from its chict
blood supply.

Poor RepuctioN.~Accurate reduction of the fracture is r
for healing of the tibial shaft, the humeral shaft, the femoral neck,
and other similar bones. The poorer the blood s

) upply, the more im-
portant does accurate reduction become. Bones which have a rich

equired
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Pxeusoxnia.~Pneumonia is most Iikely to appear in the cldery
patient who is immobilized and inactive in bed. Absolute bed rest
should be avoided whenever possible. Good nursing care with frequent
changes in the patient’s position, as well as the measures advocated
for keeping the tracheobronchial tree free of secretions, do much to
lessen the danger of “hypostatic pneumonia.” Antibiotics are of value,
but they do not insure against pulmonary complications or obviate the
need for good medical and nursing care.

Decusrrus Urcer.—Decubitus ulcer is likely to appear in elderly
patients, Immobility, lack of cleanliness, moisture, sustamed pressure
and inadequate nursing care usually can be incrimmated. When a
decubitus ulcer has developed, the problem, to nurses and doctors,
becomes one of “more care required to affect healing than would have
been required for prevention.” The treatment of an established decu-
bitus ulcer is a comphcated task.

Univary CarcuLl—Urinary caleuli sometimes appear in the im-
mobilized patient owing to an increased excretion of caleium from
disuse, decalcification of bones,, Urinary stasis, a low unnary volume
and alkaline reaction favor calcium precipitation The prevention of
stones requires: avoidance of prolonged immobilization, a Ilngh liqmd
intake and output and perhaps an “acid ash” diet.

DELAYED UNION AND NONUNION

In delayed union, the fracture has not healed at the time when
similar fractures would ordinanly have healed. The term imples that
healing 15 likely to occur with continued treatment. The \-ray films
may show scanty callus or a persistence of the fracture line. There may
be a distinct gap between bone ends owing to absorption, espccmlly
of riged internal fixation material (appliances such as plates) has served
to hold the bone ends apart. There may be some sclerosis of the bone
ends, but not severe sclerosis and rounding-off of bone ends. Clinically,
slight motion is likely to be demonstrable at the fracture site. Delayed
union may be treated by prolonging the period of immobilization.
Often the institution of a compression force (while avoiding rotational
and lateral stresses) hastens healing. Delayed union occurs frequen.tly
in simple fractures in the lower third of the tibia if either reduction
or immobilization are not good. In this area a reduced blood supply
to the distal tibial fragment slows the healing time. If complicated by
infection, union may be delayed for many months. In any fracture
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Enzymatjc disruption of granulation tissue and callus slows the repara-
tive processes. Small bone fragments which ordinarily become incor-
porated in callus dic and eanse prolonged wound drainage. Hyperemic
decalcification persists for a long time, and calcification of the cllus
is delayed until the infection is controlled.

ASEPTIC NECROSIS OF BONE

Aseptic necrosis of bone is the result of the loss of blood supply
which may follow fracture or dislocation. The dead bone may be
gradually absorbed and replaced by new bone from the adjacent bone
(crecping substitution), or it may be absorbed or sequestrated. The
adjacent joint surfaces may undergo osteoarthritic changes.

Aseptic necrosis frequently oceurs after femoral neck fractures,
where there is loss of blood supply to the head of the femur and failure
of revascularization. It also may follow fracture of the carposcaphoid
or posterior dislocation of the hip.

After injury, devascularized bone generally retains its normal
density, while the adjacent vascularized bones undergo traumatic
hyperemic decalcification (osteoporosis). Hyperemic decalcification
may also occur as a result of infection. This leads to a “paradoxical in-
creased density” of the devitalized bone. The density (due to calcium
content) of the dead bone is not increased at all but is merely not
changed because the blood supply necessary for decalcification is
absent. Hence, in x-ray films the sequestra in osteomyelitis appear
dense, as compared with surrounding bone Similarly, if the femoral
head undergoes necrosis after femoral neck fracture, it will appear
dense when compared with the adjacent bones, which have become
less dense. When a severe degree of osteoporosis exists before the
fracture, the expected “paradoxical increased density” may not become
evident in the devitalized bone. Because “death” of bone is judged by
the bone’s relative density, it 15 necessary to wait two to three months
after femoral neck fracture before an opinion regarding the status of
the blood supply of the femoral head is valid.

PATHOLOGIC FRACTURES

Pathologic fractures (Fig. 147) are those produced in bones weak-
ened_ by generalized or local disease. They uvsually result from injuries
considered nsufficient to fracture normal bones, A pathologic condi-
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blood supply to both fragments require little more than some degree
of contact between the fracture surfaces for solid healing.

IatpropER InntoBILIZATION.—Inadequate immobilization results in
continued motion at the fracture site, and callus is broken up as fast
as it 1s laid down. Osseous union is thereby delayed or prevented.
Inadequate casts may account for inadequate immaobilization. A short
leg (below-the-knee) cast, applied for a fracture of the tibia, might
lead to this result. The principle of immobilization which states that
the joint above and the joint below the fracture site must be restricted
would be violated by the use of a short leg cast. Too brief a period of
immobuilization, as from too early removal of a cast, will have the same
effect The failure of internal fixation material will also allow motion
to occur and delay healing.

INTERPOSITION OF SOFT Tissue.—Tissue between the fracture ends,
such as capsule, tendon, muscle or fascia, delays healing and may
prevent healing altogether. Sometimes muscle strands caught in a
fracture site, which is otherwise reduced, will undergo necrosis and,
like the fracture hematoma, will be converted to granulation tissue,
callus and finally bone. In other instances, such interposition may
allow continued motion and prevent bony healing.

DisTracTioN oF FracMeNnTs.—This condition might be considered
a “failure of reduction,” but 1t justifies separate consideration. Distrac-
tion is not a problem when fracture treatment consists of closed re-
duction by manipulation and immobilization by cast, because the
muscles hold the bone ends together throughout the healing penod.
When however, internal fixation is used, the bone ends may be held
rigidly (but slightly) apart from the beginning; or if absorption of lh.e
bone ends occurs, the ends are held shightly separated by the appli-
ance. Healing 1s then greatly delayed or impossible. Similarly, when-
ever a fracture is immobilized in traction, care must be taken to avoid
distraction for any period of time.

Loss oF Fracrune Heatatoasa.—All other factors being cquﬂl,
fractures heal best when the fracture hematoma is left undisturbed.
The hematoma provides a medium for calcium deposition and a local
source of calcium, and it also probably contains osteoblasts from
fragmented periosteum and endosteum. In some circumstances, how-
ever, the advantages gained by open reduction may outweigh the
disadvantages of disturbing the fracture hematoma.

INFECTION AT FRACTURE SITE —An infection at the site of fracture
slows healing, but infection n 1tself does not usually cause nonunion.
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B. Local discases:
1. Congenital bone cyst
3, Primary malignant disease of bone
3. Metastatic malignant discase of bone
4. Ostcomyelitis
5. Localized bone atrophy (e, poliomyelitis) ©
6. Rickets T
The principles of treatment are similar to those applicable to other
fractures, but there is a tendency to use internal fisation more fre-
quently. When possible, the underlying disease which leads to the
fracture should also be actively treated.

COMPLICATED FRACTURES

Complicated fractures are those which are associsted with injury
to blood vessels, nerves, and other soft tissues. Examples of local com-
plications include the following:

Locar, Hemonnttace.—~External bleeding is controlled by measures
previously described. Concealed bleeding, particularly after fracture
of the femur, may be sufficient to cause the patient to go into shock.
Rib fractures may lacerate intercostal asteries and produce exsangui-
nating hemorrhage into the pleural cavity. The control. of external
he_morr}mgc by wound packing has the advantage of avoiding further
mjury to the major artery. The touriquet should be avoided, if
possible,

TRAUMATIC ArTERIAL Srasymt axp Tugomuosis.—Localized trauma
may result in segmental arterial spasm. It is sometimes severe enough
to ]'“Sﬁfy surgical exposure for relicf of local pressure and vasospasm.
Stripping of the adventitia and sympathetic blocks are also used.

Severe contusion of an artery may result in thrombosis. Thrombosis
may cause widespread reflex vasospasm with acute arterial insuffi-
ciency. Sympathetic blockade may be of considerable aid in releasing
spasm of the collateral vessels. Thrombectomy, excision and end-to-end
anast.omosis, or excision and vessel grafting, may re-establish the main
arterial flow.
smalslu\xzi“c:fu‘ (ARTERIAL) 'I“IEBIATO.\[A.—IniUﬁeS to small arteries, or
fned £ unbsf m‘large arteries, may cause a hemorrhage that is con-

toumni uestucascml compartments, w?xich, by compression, act as a
obstrugﬁo - Complete venous obstruction and nearly complete arterial
n may result even though the arterial segments are open.
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Fic. 147.—Pathologic fracture through shaft of the femur. The bone has been
destroyed by metastatic cancer from the thyroid,

tion must be suspected when a fracture results from slight trauma or
when it is relatively painless.

The common conditions associated with pathologic fractures are:

A. Systemic diseases:

. Osteogenesis imperfecta

Paget’s disease of bone

. Hyperparathyroidism (osteitis fibrosis cystica)
. Tabes dorsalis

. Osteoporosis

Ut 0010
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associated with vascular insulficiency due to laceration of the artery,
thrombosis, persistent spasm or subfascial hematomas, which require
appropriate operative measures. The best guarantee against Volk-
mann’s ischemic contracture is (a) carly, gentle and accurate reduc-
tion of the fracture and (&) carcful attention to the position of the
elbow and cast to sce that the circulation is not compromised.

Ischemic contractures may also occur in areas other than fore-
arm and hand. For example, they are occasionally encountered in the
leg and foot after supracondylar fractures of the femur, and rarely in
the hand following forcanm fractures or in the foot following leg
fractures. The measures described for the prevention of ischemic
contracture following supracondylar fracture of the humerus are
equally important in other arcas.

Nenve Pasavysis.—The surgeon who undertakes the treatment of
any patient for a fracture must carcfully search for associated nerve
injuries and make a written record of his findings. If he onuts this
detail, he does the patient a great disservice and leaves himself liable
to a malpractice suit.

In an occasional instance, the presence of nerve deficit may indi-
cate the need for carly open operation in order that the nerve may be
examined and repaired. An early or initial nerve deficit may result
from laceration, stretching or contusion. Nerve palsy appearing later
may result from manipulation or open operation or from nerve com-
pression by hematoma. Still later, nerve paralysis may result from
Pressure caused by the cast or traction apparatus or by incorporation
of the nerve in callus, The radial nerve is particularly liable to injury
because of its intimate relationship with the midportion of the shaft of
the humerus. The median or ulnar nerves may be injured in fractures
in the elbow region. In shoulder dislocations the axillary nerve may be
stretched. Hip dislocations may cause injury to the sciatic nerve. The
Pressure of a plaster cast over the upper fibula may result in foot drop
due to common peroneal nerve damage.

The surgeon must have a working knowledge of the anatomy of
the penipheral nerves and must be familiar with simple reliable tests
for their motor and sensory function. Furthermore, he is obligated to
examine the patient periodically for evidence of altered nerve function
d\fri.ng the period of fracture healing and to record his findings on the

clinical record.
exaritinl:de¥;ie$et};3:e::§uga?)gn:s 'Wilth injur.ie.s o the spine y fould be
pinal cord injury. Most patients with
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Circulatory insufficiency distal to the injury may be so severe as to
result in loss of the extrermty. Relief of arterial and venous compres-
sion can be provided by prompt wide incision of the fascia, allowing
the deeper tissues to bulge outward. Blood clots should be evacuated,
and bleeding controlled by ligature or vessel suture.

Vorxymann’s Isciemic CoNTRACTURE.—~Volkmann (1881) described
this disorder and attributed it to circulatory insufficiency. He hikened
the hardening of muscles to rigor mortis and differentiated the condi-
tion from paralysis due to nerve deficit. He implicated tight bandages,
tourniquets, and lacerations and contusions of the large arteries as
causative factors. Usually Volkmann’s contracture occurs in the upper
extremity, and most often in association with supracondylar fracture of
the humerus, “the paramount fracture of childhood” (Akin). It is
necessary for the surgeon to be acquainted with the cause and pre-
vention of this tragic deformity.

Whether ischemic contracture is the result of arterial insufficiency,
venous obstruction, or both, makes httle difference from a practical
standpoint. It may be prevented in almost all instances by prompt,
gentle and accurate manipulative reduction of the fracture and, after
reduction, by seeing to it that neither the position of immobilization,
the cast nor the bandages cause circulatory impairment. This fracture
represents a real emergency. Treatment should be instituted within
four hours and preferably within two hours after injury. In the usu.al
supracondylar fracture of the humerus, the distal fragment is dis-
placed dorsally or posteriorly, and manipulation consists first of strong
traction to overcome shortening (this relieves any pressure on the
brachial artery by the proximal fragment of the humeral shaft) and
then flexion of the elbow, combined with forward traction to re-
establish the “lower humeral angle” of about 40 degrees. Clumsy
manipulations or flexion of the elbow without sufficient longitudinal
traction may compress or lacerate the brachial artery.

After the careful reduction and positioning of the fragments, the
degree of flexion at the elbow must not be so great as to cause pallor,
cyanosis, coldness of the hand or disappearance of the radial pulse.
Furthermore, the status of the circulation in the extremity must be
checked frequently during the subsequent forty-eight hours. Failure
to obtain reduction, or persistent evidence of circulatory deficiency
following reduction, should cause the surgeon to abandon manipula-
tive reduction in favor of skeletal traction,

In rare instances, supracondylar fracturcs of the humerus may be
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force which caused the pelvic fracture. Rupture of the distended
bladder may accur in either its intra- or its eatraperitoneal portions,
In cither case, the patient.does not void any sizable amount of clear
urine. Ahthough a catheter may be passed casily into the bladder,
only blood or small amounts of blood-stained urine will be obtained.
In questionable eases, x-ray examination after instillation of a sodium
iodide solution will reveal extravasation fram the Madder.

Fractutes of the ischiopubic rami may lacerate or completely sever
the membranous urethra. The patient ordinarily cannot void, and the
urinary bladder distends. He wants to void and calls his doctor’s at-
tention to his inability to pass urine. A few drops of blood may be
evident at the urethral meatus. Attempts to pass a catheter fail, and
only blood is obtained. Treatment consists of suprapubic-cystostomy,
an indwelling urethral catheter and, in some situations, repair of the
laceration.

Rupture. of the spleen, liver, kidney, pancreas and hollow organs
of the abdomen and thorax may also occur (See Chapter 23, Abdomi-
nal Injuries, and Chapter 31, Chest Injuries). '

MuscLe AtropHY.—Muscle atrophy occurs rapidly if the extremity
is immobilized and the muscles are not used. Regular exercise of such
muscles as can be contracted within the limits of the type of immo-
bilization used is important. Without disregarding the rule to “im-
mobilize the joint above and the joint below the fracture,” no more
immobilization than necessary should be instituted. Casts which
include the hand should leave the fingers and thumb free to move. If
a finger is immobilized for fracture, only that finger is immobilized.
The cast for a Colles’ fracture should extend only to the distal flexion
crease of the palm, in order that the fingers may be fully flexed and
extended. The thumb should be left free to move. The fingers and
toes must be exercised regularly to prevent joint stiffness and muscle
atrophy. When immobulized, the quadriceps femoris and thigh adduc-
tor muscles are prone to undergo rapid atrophy. The quadriceps
group can be exercised by moving the patella (“pulling it up”) within
the cast without bending the knee, These exercises can be leamned
easily by the co-operative patient. Finger and toe exercises, where ap-
propriate, should be carried out for five minutes of each hour by the
clock during the patient’s waking hours. The surgeon who reduces
and immobilizes a fracture has not done a good job until he instructs

the .patient in the appropriate exercises and sees to it that they are
carried out.
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fractures of vertebrae and with “cord signs” do not benefit from lami-
nectomy. Patients who show little evidence of cord damage initially
will sometimes exhilnt signs of increasing cord compression. Under
these circumstances, laminectomy may be indicated. Sometimes a
depressed vertebral lamina may be elevated with benefit to the patient.
Usually, however, the cord will have been severely damaged at the

Fic 148.—Fractures of the pelvis with rupture of the bladder 1n a male

original injury, and at operation it will be found to be soft and
gelatinous (“pulpified”) Laittle or no recovery of function can then
be expected.

MuscLE AND TENDON DiskupTioN —In unusual circumstances, frac-
tures may be accompanied by the disruption of muscle or tendor.n.
Primary repair in closed fractures or delayed repair in open fractures is
indicated 1n rare mstances Thus, a fracture of the mferior portion of
the patella may be disabling largely because of disruption of the
patellar tendon. Rarely, in supracondylar fractures of the femur the
quadriceps muscle may be severed at its musculotendmous zone.

Viscerar Coarpricarions.—Pelvic fractures may be associated with
rupture of the urmary bladder (Fig 148) This may be due to a bony
spicule which lacerates the bladder estraperitoneally or to the direct
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force which caused the pelvie fracture. Rupture of the distended
bladder may accur in cither its intra- or its extraperitoneal portions,
Tn cither case, the patient does not void any sizable amount of clear
urine, Although a catheter may be passed casily into the bladder,
anly blood or small amounts of blood-stained urine will be obtained.
In questionable cases, x-ray examination after instillation of a sodium
jodide solution will reveal extravasation from the bladder.

Fractures of the ischiopubic rami may lacerate or completely sever
the membranous urethra, The patient ordinarily cannot void, and the
urinary bladder distends. He wants to void and calls his doctor’s at-
tention fo his inability to pass urine. A few drops of blood may be
evident at the urethral meatus. Attempts to pass a catheter fail, and
only blood is obtained. Treatment consists of suprapubic cystostomy,
an indwelling urethral catheter and, in some situations, repair of the
laceration.

Rupture of the spleen, liver, kidney, pancreas and hollow organs
of the abdomen and thorax may also occur (See Chapter 23, Abdomi-
nal Injuries, and Chapter 31, Chest Injuries). ’

MuscLe Arroriy.~Muscle atrophy occurs rapidly if the extremity
is immobilized and the muscles are not used. Regular exercise of such
muscles as can be contracted within the limits of the type of immo-
bilization used is important. Without disregarding the rule to “im-
mobilize the joint above and the joint below the fracture,” no more
immobilization than necessary should be instituted. Casts which
include the hand should leave the fingers and thumb free to move. If
a finger is immobilized for fracture, only that finger is immobilized.
The cast for a Colles’ fracture should extend only to the distal flexion
crease of the palm, in order that the fingers may be fully flexed and
extended. The thumb should be left free to move. The fingers and
toes must be exercised regularly to prevent joint stiffness and muscle
atrophy. When immobilized, the quadriceps femoris and thigh adduc-
tor muscles are prone to undergo rapid atrophy. The quadriceps

group can l?e exercised by moving the patella (“pulling 1t up”) within
the cast without bend_ing the knee. These exercises can be learned
easily by the co-operative patient. Finger and toe exercises
propriate, .should be c.arrt'ed out for five minutes of each l;our by the
o, e pilnts ki b, T sugeon o e

ot done a good job until he instructs

the patient in the appropriate exercises and sees to it that they are
t: pprop! es 34
ied

where ap-
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Mvosrris OssiFicans.~Myositis ossificans consists of bone forma-
tion beyond the fracture in muscle, fascia or joint capsule. It most
commonly occurs m the anterior elbow region after supracondylar
fractures of the humerus. It may develop from stripped periosteum or
from the fracture hematoma, or in the joint capsule. Conservative
treatment is indicated, Active motion within the limits of pain is per-
mutted, but forceful passive motion must be avoided. Ordinanly, this
aberrant new bone gradually undergoes absorption. Operative remov-
al of bony spurs which limit motion should be delayed for many
months after the origmal injury because of the dangers of extending
the ossification.

Drravep Urnar Pavsy.—This condition may occur after elbow
fractures which result in a cubitus valgus (increased elbow carrying
angle) defornuty. In most instances, it results from a childhood frac-
ture of the lateral humeral condyle leading to epiphyseal injury,
arrested growth and severe cubitus valgus deformity. The stretchefi
ulnar nerve “decompensates,” and paralysis results. The treatment is
transposition of the ulnar nerve from the posterior to the volar aspect
of the elbow. Tension is thereby relieved, and restoration of function
may be anticipated.

Postcast Epenia—Edema of the foot and leg commonly occurs
after 1emoval of a supporting long leg cast. If allowed to persist, the
leg may become permanently swollen, indurated and possibly ulcer-
ated. Edema may be minimized by elevation, massage and supporting
elastic bandages whenever the patient is upright. If edema is prevented
carly, late chronic disability may be avoided.

FRACTURE APHORISMS
(From Outhne of the Treatment of Fractures, by
American College of Surgcons, 1954.}

1. Treat every case of injury as a fracture until it is proven to be
otherwise.” Protect and immobilize all mjured patients until the
diagposis is made. “Splint ’em where they lie.”

. Always use gentlencss and care in handling any broken limb.
Roughness is inexcusable.

Use only the simplest methods of examination,

. Eliminate all unnecessary handling of the injured part.

. Never deliberately scarch for crepitus.

. Disturb the patient as hittle as possible.

1o

S Uk W
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7. Do not be deceived by the absence of defonmity and disability;
in many cases of fracture some ability to use the limb persists.
. Make sure that you are not dealing with more than one fracture.
. Sce that the patient has an carly suitable x-ray examination.
Evamine for nerve Jesions and for associated injuries before at-
tempting reduction.
11. Active movements affect muscles and mind, usually strengthening
both. :
12. Apply slow, steady pull to relax the muscles and not to produce
imtation.
13. Bring the fragment which can be controlled into alignment with
the fragment which cannot. ( Usually distal to proximal.)
14 Watch the circulation distal to the injury.
15. A small fracture may mean a large disability.
16. Reduce the fracture with as little delay as possible. Do not wait
for the swelling to go down.
17. No splint is used to reduce a fracture; a splint is intended to
maintain reduction.
18. Splints made to fit everybody rarely fit anybody.
19. Early, active movements help healing, if the fracture is not dis-
turbed.
20. Continued pain usually indicates incomplete reduction or improper
splinting,
21. Make certain that traction is checked hourly.
. Shoulders frequently freeze unless they are moved early and often
following fracture of the forearm or wrist.
23. The measure of successful treatment is the usefulness of the limb
as a whole. R
. Compare the well with the injured part. X-rays of both extremities
on one plate, with a single exposure, are often helpfu).

S @ w
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CHAPTER 30

Head Injuries

IN CIVIL LIFE, craniocerebral trauma is not ex-
ceeded m frequency or severity by that met among military personnel
during active warfare. The factors that appear to influence the grow-
ing numbers of head-injured patients include: the toll of the road,
the hazards of the machinery of modern industry and agriculture,
competitive sports involving bodily contact, thrill-charged recreations,
alcoholism and—pervading our over-all activity—a growing indifference
to, and abrogation of, responsibility for the welfare of others.

Among unselected cases, such as are admitted each year to large
metropolitan hospitals, slightly more than 70 per cent of the patients
recover regardless of the treatment employed, and between 8 and 12
per cent die in consequence of the overwhelming character of the
trauma, In the remaming patients (15-20 per cent), the moderately to
severely injured, mortality and morbidity depend closely on the early
institution of appropriate therapeutic and preventive measures. Most
of these patients require only such conservative measures as are avail-
able in every modern hospital.

Only 45 per cent of the unselected cases can be significantly
helped by open operation during the first week or so following trauma.
This does not mean that, under conditions of practice, only 45 per
cent of head-injured patients undergo operation, but that not more
than this number can be justly asserted to receive benefit. Unfortu-
nately, some surgical efforts prove futile, some tumn out to be unneces-
sary, and others are capable of relieving only a small part of the total
damage present.

The foregoing data carry an encouraging message to the physician
upon whom responsibility for the ma g of head-inj

pons ] d patients
devolves. They indicate that in some 80 per cent of patients the clinical

847
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outcome is largely predetermined, independent of his skill, and that
in an additional 15 per cent the patient’s survival and the minimizing
of residual neurological and psychologic deficits can be achieved
through the intelligent exercise of certain orienting principles and
specific conservative measures which are essentially the same, from
case to case, regardless of the nature of the intracranial pathologic
process. Moreover, the utilization of these measures requires no very
detailed knowledge of neuroanatomy, pathogenesis or pathology; and
the measures can, with practice, be as cffectively applied by the
skilled general practitioner as by the ncurological specialist. Lastly,
the critera indicating the necessity for early surgical inquiry and inter-
vention do not depend on a precise diagnosis but on signs that can
be almost as readily observed by the layman as by the highly trained
climeian. Hence, the only circumstance in which the general practi-
tioner stands at a serious disadvantage, as compared with the neuro-
surgeon, is that in which open surgery is required.

Ideally, all cases requiring operation should be referred to a
neurosurgeon or a general surgeon experienced in the relatively simple
neurosurgical technics required. But if neither of these is within easy
summons, an advantage still rests with the general practitioner; for,
with the exception of cases exlubiting rapid detenoraton (eg,
epidural hematoma ), the margin of safety of the head-injured patient
suspected—early enough—of being in need of operation is usually
sufficient to permut his being transported to a suitable clinic. Mihtary
experience in World War II and in the Korean action amply demon-
strated that 1t is better to send a patient to a competent surgeon
whose operating and nursing teams are at close hand than to attempt
to manage him under handicaps prevailing locally for fear of the
dangers of transportation,

Meanwhile, up to the moment of transportation and during the
trip itself the very same conservative measures called for m non-
operative cases are indicated. (It may be added that they are hkewise
required after open surgical measures have been executed.)

All this mdicates that the majority of head-injured cases falling
under the care of general practitioners and surgeons may reman
there. There 1s little substance to that psychologic barrier agamst
accepting responsibility for the head-injured which prevails so gener-
ally among practitioners and which so often results in disservice to
patients by default.
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Basic Aiss of TREATMENT oF HEab INjunmies

What, then, are the realizable primary goals toward which the
clinician should direct his efforts? They are simple and few: (1) to
reduce mortality and morbidity to the acceptable minimum cited
above; (2) to provide every patient with the time-tried, effective
methods of treatment now available; and (3) to so conduct matters
that few of the patients who are unable to profit from operation will
be subjected to operation and no patient harboring a clinically signifi-
cant, surgically amenable, lesion will be deprived of the benefits of
operation.

It will be noted that other frequently cited goals, such as (a)
comprehension of the pathologic and pathogenetic processes that may
obtain in the head-injured patient and (b) the making of precise diag-
noses, have been omitted above. The reason for the omission is that
they represent secondary, mther than primary, goals; ie., they are
means to ends, not ends in themselves. Moreover, as we shall shortly
see, they are in no sense indisy ble to effective
activity in behalf of the patient. To assume that they are is to set up
crippling psychologic barriers that deter the physician from instituting
such valuable services as he is capable of bringing the head-injured
patient. This point of view requires further elucidation.

Orthodox medical teaching empl the desirability of proceed-
ing in orderly sequence from the incidence, etiology and pathology of
“disease” to pathogenesis, signs and symptoms, syndromes, diagnosis
and treatment This sequence should be recognized distinctly as a
scientific ideal. Where realizable, it has paid welcome dividends in
medical practice, and for this reason deserves to be honored. Un-
fortunately, however, there are many morbid conditions in medicine
in respect to which the present insistence upon the ideal proves inept.

M?st cases of craniocerebral trauma belong in this category, for
neithfer ihe geiieml practitioner nor the neurological specialist can be
certain in a given case that he comprehends precisely the prevailing
pathogenetic and pathologic factors and the dynamic changes the:
undergo fr‘(‘)m one hour to the next. The best the physician c?;m do i
to draw a “reasonable” diagnostic inference, i e., make a good “guided
guess” and act accordingly, Temaining ever aware of the fﬂl]ibﬁity of
his inferences.

1f the matter of correct diagnosis were the major issue at stake,
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the realistic circumstances referred to above would bode ill for both
patient and doctor. But despite them, our primary goals can be, and
in many hospitals regularly are, approximated year in and year out,
Granted that it constitutes a desirable state of affaurs in medical prob-
lems at large to know the etiology, pathology and pathogenesis of the
disorders prevailing n each patient, the lack of such knowledge does
not necessarily constitute a serious deterrent to effective therapy. It is
not essential to know the cause and origin of a fire to put it out.

ORIENTING PRINCIPLES IN THE APPROACH TO THE PROBLEMS
oF THE HEAD-INJURED PATIENT

We will now consider four broad principles that appear to have
paid dividends in dealing with the various problems of the head-
mjured patient:

1. Neurological signs and symptoms result from disturbances
neurolumorophysiologic mechani; and are clinically alike, regard-
less of the etiologic and pathologic agents that produce them. In less
abstract form, this indicates that, for example, hemiplegia due to an
epidural clot is indistinguishable on clinical grounds from that due to
(a) cortical contusion and Iaceration, (D) encephalomalacia secondary
to traumatic thrombosis of cerebral vessels, (¢) pulpification of a lobe
of the brain, (d) cerebral edema, (¢) multiple petechial hemorrhages
and/or (f) a shuft of the brain stem across the midline. What holds true
for hemiplegia holds for most other neurological signs and symptoms.
Hence, no amount of delineation of signs and symptoms per se¢ can
furnish the physician with confident knowledge regarding the patho-
logic agent(s) at work in a particular patient. For this rcason,.t?lc
chnician is obliged to deal with his patient in terms of pmbablhﬂes
rather than of certainties. In so dong, he may be—and not infrequently
proves to be—in error.

2. The pathologic processes that exist in the traumatized brax'n
cannot always be described n terms of the gross and microscopic
findings Our conventional pathologic techmes are capable of disclos-
ing only a limited number and kind of pathologic changes. They fail
to reveal many subtle processes that modern microchemistry .:md
biophysics have begun to 1dentify—e.g., the cytologic effects of various
degrees of ischemia, hyposa, hypoglycemia, retention of catabolites,
escape of acetylcholine, mtra- and extracellular fluid and electrolyte
imbalance, positive and negatve “voltage drifts,” acid shift of pH,
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depolarization and other surface-tension alterations of boundary-phase
membranes, eatinction, dysfunction of respiratory pigments and other
organic enzyme systems, derangements of colloid dispensions, rever-
sions of aperiodic to periodic crystals, etc. There is reason to suppose
that such subtle changes as those just mentioned are in many instances
sufficient to produce serious morbidity—cven death~with or without
the coexistence of lesions revealed by gross and/or microscopic exam-
inations. If this is a tenable view, the more obvious lesions in some
cases may be responsible for only part of the mortality and morbidity
of the head-injured patients and in other cases may be largely inci-
dental, so that measures directed at their correction not only prove
ineffectual but actually add to the stress under which the patient
labors.

3. Among the seriously injured, multiple pathologic processes at
multiple sites (as contrasted with unit-factor lesions) are more fre-
quently found than not. Thus, a patient seriously enough injured to
develop an epidural clot frequently also sustains contusions of the
brain, venous bleeding into the subdural space, multiple petechial
hemorrhages scattered throughout the white matter, a gross intracere-
bral clot and/or circumferential cerebral edema. As a consequence,
the classical “syndrome of the epidural clot” can easily be masked by
clinical signs engendered from coexisting lesions and thus fail to be
clinically detected. Accordingly, the experienced physician recognizes
that the absence of a given syndrome provides no assurance that the
pathologic lesion to which that syndrome is conventionally imputed is
absent, also, that its presence in no way guarantees that the lesion
conventionally imputed to it will be found at operation or post mortem,
much less that it constitutes the main “cause” of the patient’s diffi-
culties.

4. Our final onenting principle derives from the first three and
indicates that it is necessary to adopt a philosophy of clinical agnosti-
cism. The experienced physician knows that he cannot be sure of his
inferences regarding a particular case and is careful not to repose
false confidence in them. He renounces the elementalistic rules-of-
thumb that spring from confident certainty in diagnosis and remains
continually alert to the ever changing picture presented by the patient,
guided by probabilities rather than complacent certainties. He actively
seeks‘ evidence which controverts his tentative diagnosh’c and thera-
peutic h)’P?ﬂWSes and holds himself ready to revise or abandon first
inferences in favor of more tenable hypotheses.
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the realistic circumstances referred to above would bode ill for both
patient and doctor. But despite them, our primary goals can be, and
m many hospitals regularly are, approximated year in and year out.
Granted that it constitutes a desirable state of affairs in medical prob-
lems at large to know the etiology, pathology and pathogenesis of the
disorders prevailing in each patient, the lack of such knowledge does
not necessarily constitute a serious deterrent to effective therapy. It is
not essential to know the cause and origin of a fire to put st out.

ORIENTING PRINCIPLES IN THE APPROACH TO THE PROBLEMS
oF THE HEAD-INJURED PATIENT

We will now consider four broad principles that appear to have
paid dividends in dealing with the various problems of the head-
injured patient:

1 Neurological signs and symptoms result from disturbances in
teurol physiologic hanisms and are clinically alike, regard-
Tess of the etiologic and pathologic agents that produce them. In less
abstract form, this indicates that, for example, hemiplegia due to an
epidural clot is indistingmshable on clinical grounds from that due to
(a) cortical contusion and laceration, (b) encephalomalacia secondary
to traumatic thrombosis of cerebral vessels, (¢) pulpification of a lobe
of the briumn, (d) cerebral edema, (¢) multiple petechial hemorrhages
and/or (f) a shift of the brain stem across the midline. What holds true
for hemiplegia holds for most other neurological signs and symptoms
Hence, no amount of delineation of signs and symptoms per se can
furmish the physician with confident knowledge regarding the patho-
logic agent(s) at work in a particular patient. For this reason, t!lc
clmician 1s obliged to deal with his patient in terms of probﬂblmles
rather than of certainties, In so doing, he may be—and not infrequently
proves to be—m error

2. The pathologic processes that exist in the traumatized bral'.n
cannot always be described in terms of the gross and mucroscopic
findings. Our conventional pathologic technics are capable of disclos-
ing only a limited number and kind of pathologic changes. They fail
to reveal many subtle processes that modem miciochemistry and
biophysics have begun to identify—e g, the cytologic effects of various
degrees of ischemia, hypoxia, hypoglycemia, retention of cataboltes,
escape of acetylcholine, intra- and estracellular fluid and electrolyte
imbalance, positive and negative “voltage dnfts,” acid shift of pH,




1IEAD INJURIES 833

If the cranium and its contents actually constituted a rigidly
closed physical system, such an increase of pressure would be fele
cqually throughout all parts of the cranial cavity. However, the skull
does not amount strictly to a closed system. In the infant with patent
fontanels, in the young child with cranial sutures capable of consid-
erable spreading (dehiscence) and in the adult with foramens of
various sizes at the base of the skull, the condition of physical rigidity
is not met. Hence, the thearetically expected equality of hydrostatic
phenomena docs not obtain. Again, the fact that the brain js more
securely fixed to the floor of the skull than clsewhere detenmines cer-
tain departures from the simple hydrostatie scheme. In addition, three
partly separate intracranial compartments exist—viz, the two formed
by the falx cerebri and a third by the teatorium cerebelli. Finally,
measurable differences in strain, stress and torque factors exerted on
vulnerable cerebral vessels and incqualities of circulation at various
places within the cranial cavity result in local pathologic responses,
and therefore in local disparities in intracvanial pressuse.

CenesnospiNaL Frup,~The cerebrospinal fluid is a clear, protein-
poor, watery liquid of high electrolytic concentration, usually regarded
as a virtual dialysate of plasma in hydrostatic and osmotic equilibrium
with blood. Until the Jate nineteen thirties, it was believed to be
formed entirely in or by the choroid pleaus. But evidence now avail-
able suggests that the major part of the fluid is formed within the
substance of the brain, whence it empties into the ventricles and sub-
arachnoid field via the perineuronal and perivascular (Virchow-
Robin) spaces.

It is presumed that the gradient of the cerebrospinal fuid pressure
falls off progressively from the intraventricular to the subarachnoid
pools; and hence, that under normal conditions the fuid leaves the
ventricles and iter of Sylvius, passes through the foramens of Mag-
endie and Luschka and reaches the subarachnoid space of the cisterna
magna in the posterior fossa. From there it has direct access to the
subarachnoid space of the spinal canal, which, in the healthy adult,
contains about 70 ml. of cerebrospinal fluid, The fluid also has indirect
access from Fhe cisterna magpa to the subarachnoid spaces of the

cerebral hemispheres. Eventually it reaches the arachnoid villi of the
hemispheral couvesities, through the endothelial membranes of which
Facion of . il s st 1o o ey, s A cerain
i adily absorbed via lymphatic
channels along the peripheral nerves,

The quantity of “free” (readily drainable) intracranial cerebro-
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The foregoing is not meant to imply that the chnician need con-
cern himself only with the implementation of superficially empirical
measures, vouchsafing basic scientific and medical knowledge and
discounting clinical syndromes as being fatuous, when not actually
musleading Rather, it is meant to give assurance to otherwise eaperi-
enced physicians that they need not mistrust their abilities to perform
creditably when confronted with the majority of head-injured patients.

ParnoruysioLocic CoNsIDERATIONS IN HEAD INJURIES

In recent years, a number of observations—e.g., knowledge of the
prnciples known as “the Monroe-Kellie doctrine and of the mechanics
of the cercbrospinal fluid and of cerebral concussion—have helped to
clarify the pathophysiology of cramocerebral injury and to render the
clijeal phenomena more understandable.

Moxroe-Keruie Docrrine,~This doctrine may be summanzed as
follows: The cranfum is a relatively closed, rigid vault, the total con-
tents of which (brain substance, cerebrospmnal fluid and blood) must
remain approumately the same at all times. A change in volume of one
or more of these factors must promptly be compensated for by a
reciprocal change in volume of one or more of the other factors.
Hence, any agent (e.g., a blood clot) which usurps appreciable space
necessitates a compensatory partial displacement of one or more of the
agents normally present. The cerebrospinal fluid is most easﬂy~ dis-
placed and thereforc yields first, after which the circulating minute
blood volume of the brain begins to suffer. When the blood volunfe
falls below a critical level, cerebral ischemia, hypoxia, ]lypoegCEI.mi‘
and hypercapma supervene and lead to the overt appearance of clinical
signs and symptoms—systemic, neurological and psychologic. The 'least
displaceable agent is the brain tissue itself. The medulla and tousils of
the cerebellum can, to a very limited degree, be hemiated through the
foramen magnum; but in the acute case, this constitutes a grave com-
plication and s, of course, incapable of effectively meeting the physio-
logic problem. A downward displacement of the hippocampi uncus o
the temporal lobe below the incisura of the tentonum cerebelli may
also occur; but, like medullary hermation, this displacement is inef-
fectual as a mechanism of compensatory displacement.

As the intracranial space is progressively encroached upon by a
blood clot or similarly acting foreign agent, the lmits of dxsplaccme.ﬂt
of the agents normally present are ultimately reached. Intracranial
pressure then begins to rise.
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Crrenrat. Concusston.—~The mechanical force of a physical agent
impinging on the head is rapidly dissipated and follows lines of
variable resistance, depending on the site and direetion of the foree,
the shape of the skull, its resiliency, sature lines, bony buttresses, cle.
A considerable fraction of the initial force is transmitted to the cere-
brospinal fluid, which, being largely incompressible, imparts much of
its mechanical encrgy to the neurons it bathes. The result is a gener-
alized, fairly simultancous discharge of energies stored within the
“resting” neurons; i.c., a synchronous “depolarization” of cell mem-
branes occurs. There ensues an intense, but short-lived, excitation of
the muscles and glands upon which the neurons so depolarized
ultimately play. Immediately following this discharge, a period of
“eatinction” (abolition) of neural function supervenes. The clinical
counterparts of these “excitatory” and “paralytic” phases of cerebral
concussion consist of & brief tonic spasm of the bodily musculature,
alterations of respiratory and cardiovascular functions, temporary im-
pairment of consciousness and loss of comeal reflexes. Mild confusion,
dizziness and headache usually ensue for a variable period up to
several hours after the paralytic phase passes.

In mild to moderate concussion of the brain, gross pathologic
ch:mges are rarely demonstrable, and microscopic changes, when
detectable at all, are usually inconspicuous. Windle states that on
occasion pathologic changes appear as early as 30 seconds after the
physical violence and that they commonly reach their maximum at
the end of the first week, thereafter regressing rapx'dly. The most
characteristic histologic feature of such changes is chromatolysis. In
the more severe degrees of concussion, less readily reversible degrees
of intracellular and molecular derangements are produced. Focal
and/or diffuse microscopic hemorrhages may be demonstrable within
and upon the surface of the brain. These may be serious enough to
mterfere with the circulation of blood and the egress of cerebrospinal
fluid. The resulting deficiency of cellular respiration and the perverted

response of cells to ischemia, hypoxia, hypoglycemia and hypercapnia
Ie:.id to the development of edema. The latter mechanically compro-
mises the smaller vessels ‘ff neighboring tissues and induces more
ischema, hypoxia, ete. A vicious circle is thus established and leads
eventually to cellular death.

Encephalomalacia may develoj
that a previously normal ventric
degree of dilatation within a w

p so rapidly following severe injury
ular system may show a perceptible
eek. Such dilatation may continue to
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spinal fluid amounts to approximately 50 ml. An additional quantity
occupies the intracerebral perivascular and perineuronal spaces.

Normally, the cerebrospinal fluid pressure varies from 80 to 180
mm. H.0 (6-13 mm. Hg). Since, level for level, the hydrostatic
pressures of a fluid in a relatively closed system are nearly the same,
and since the fluid-containing spaces of the central nervous system
are normally in free communication with one another, the pressure of
the cerebrospinal fluid will be found similar at whatever points the
system is tapped. Hence, if the patient lies in the lateral decubitus
position, the pressures of the cerebrospinal fluid in the ventricular,
cisternal and Iumbar subarachnoid spaces will be virtually the same,
provided no spinal subarachnoid block exists.

Alterations in cercbrospinal fluid pressure closely parallel changes
in systemic and intracranial venous pressure. Whenever the subject
strains, coughs or sneezes, the increase of intrathoracic and intra-
abdominal pressures is dissipated in part along the venous channels
of the brain and spinal cord. This interferes wath venous drainage from
the head and results in momentary increase in blood volume of the
brain and a compensatory displacement of intracranial cerebrospinal
fluid. For similar reasons, the forced Valsalva maneuver (closing the
nose and mouth and “straining”) raises the pressure of cerebrospinal
fluid. The Queckenstedt test, in which the jugular veins on each side
of the neck are simultaneously compressed for ten seconds while
lumbar spinal manometry is in process, depends on similar physiolngic
principles.

In head-injured patients the Queckenstedt test is contraindicated.
Its sole clinical usefulness is in gaining information conceming the
patency of the spinal subarachnoid space. It is dangerous because it
may precipitate an active intracranial hemorrhage from damaged ves-
sels which might hold but for the added stress of jugular vein oc-
clusion

Although severe rises of intracranial cerebrospinal fluid pressure
provoke a rise of arterial blood pressure, the reverse does not hold.
Arterial hypertension, even of severe degree, has no measurable effect
on cerebrospinal fluid pressure There is one exception to this statement:
When circulatory failure ensues and normal capillary resistance gives
way, allowing arteriolar pressures to be mediated across the vascular
tree to the venules and veins, venous pressure rises and produces the
conditions described above, resulting in an elevation of the cerebro-
spinal fluid pressure.
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C. Ecchymosces and edema
1. General: of scalp, facial and neck tissues
2, Special

a) Periorbital (if delayed, thus suggests fracture of the frontal
bones, base and/or vault)

b) Postauricular (if delayed, this [“Battle’s sign”) constitutes
strong, presumptne evidence of fracture of the petrotemporal
bone)

D. Subcutancaus emphysema of~
1. Forchead (with fracture into frontal sinus)
2. Checek and nose (with fracture into antrum)
3. Neck (with tracheal fracture and lang puncture)
. Hemorthage *
1. Free
a) Lacerations and avulsions
b) Epistaxis } Al suggest basilar fracture. If blood is mixed

=

¢) Pharyngeal } with cerebrospinal fluid, it constitutes concly-
d) Middle ear | sive evidence thercof.
2, Trapped
a) Subaponeurotic {cephalohematoma)
b} Intraocular
¢) Retinal (with or without detachment)
d) Retropharyngeal (suggests cervical fracture-dislocation)
¢) Tympanic cavity (without rupture of drumhead)
F. Imbedded foreign bodies: dirt, gravel, cinders, twigs, fragments of
glass, stone, wood, metal, picces of hat, ete.
G. Loosening, fractures and avulsion of teeth

II. Imuries to Bones of Skull, Face and Neck

A. Fractures of shull (simple and compound} located in the vault, the
base or both

maor, tesponsible factor at work. Obviously, syncope arising from many causes—
iabetes, hypennsul poplexy, cardiac he, drug i ion, ete.,—
may be complicated by a fall, resulting in eaternal marks of violence without signi}i-
cant cerebral counterpart On the other hand, moderate to serious cerebral trauma
secondary to a fall may add to, and even supersede in seserity, the ongimal cause of
syncope. Wanmess wall serve the chinictan well in such mstances.
° Onficial bleeding should immediately suggest the possibility of fracture of
the hase of the skull compounded through the paranasal sinuses, inddle ear or mas-
tofd c‘ells‘. Epis(a;_ns{:md pharyngeal bleeding suggest basilar fracture comnanndnd

e .‘.‘:,..?[.i wie L by L but can be re \ " through a bulg—ing, blul;l: :gci
bead e orific of | pinal flnd or of cerebrospinal fluid

mixe 'u,xth blood permits a positice diagnosis of basilar fracture, serespective of th

negative results of routine x-ray examination, . Lo of the
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progress for several months after clinical recovery has apparently
occurred

In an mportant study, Denny-Brown and Russell (1941) drew
attention to the disparity between the damage sustained by the skull
and that of its contents, depending on whether the head is or is not
free to move at the moment of physical violence. They showed that,
when the head of the experimental animal is fired, the skull may be
severcly damaged, while the brain suffers minor injury only. There
may be no loss of consciousness. When, on the other hand, the freely
moving head is injured, the skull may wholly escape injury, while the
inertia of the brain results in changes in velocity around an infinite
number of aves (torque forces) as well as changes in line with the
forces of acceleration and/or deceleration. The brain slaps against
the irregular nubbins of the inner table of the skull and the edges of
the falx and tentorium. Thus, contusions, lacerations and, in severe
cases, gross pulpification of brain tissues may be produced. Arteries
and veins may be torn, and gross microscopic hemorrhages may
develop in the epidural, subdural, subarachnoid, subpial, intracerebral
and intras entricular regions.

Gurdjian and Lissner (1944) concluded that, because of the imper-
fection of the spherical shape of the head, the inequalities of its
thickness and elasticity, the weaknesses produced at the base by
pumerous foramens and the variable strength of bony reinforcements
and individual differences, it is not at present possible to calculate
mathematically or predict accurately the fracture patterns of the
human skull.

Parnorocic Finpines 1N HEaD INJURIES

The manifest and hidden pathologic findings most commonly
encountered 1 craniocerebral trauma may be classified into three
groups, as follows:

1. Marks of Violence on Scalp, Face, Neck and Teeth *
A. Abrasions (including “brush burns”) and contusions
B. Lacerations and avulsions

° i the physil is req 1 to attend or confused patients
lacking a satisfactory history. Such cases raise the problem of the differential diag-
nosis of coma,

The absence o
cerebral traume, Co., o) cc suiv siaiany v soen peaesee o — oo
the exammer into supposing that craniocerebral trauma 1s the sole, or even the
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2. Focal
3. Circumferentially spreading
4. “Persistent” ty pe of Trotter
F. Intracellular, intramolecular and other submicroscopic derangements

CuNiCAL SyarTons AND SioNs 1N Heap INjunies

The clinical signs and symptoms which frequently appear in head-
injured patients may be classificd under three general headings—(1)
Modifications of the “State of Consciousness,” (II) Vegetative Dis-
turbances and (I11) Somatic Neurological Disturbances—as follows:

L Modifications of the "State of Consciousness™ *
A. Psychomotor aud emotional activities
1. Mania, thrashing and shouting behavior
2, Actively resistive, abusive, negativistic and combative behavior
Hjy pomania and delirfium
Restless, insomnic, voluble behavior
Normal behavior
Apathy, inaccessibnlity
Bradykinetic, random and semipurposive movements
Somnolence, stupor
9. Comatose and preagonal states; coma vigil
B. Intellectual and social activities
Confusion, disorientation, dulled perception
2. Inappropnate behavior
3. Aphasia
4. Amnesia
a) Anterograde (for events following injury)
b) Retrograde (for events just preceding injury)
5. Distractibility, inattentiveness
6. Repetitiveness, perseveration
7. Incontimence of stool and urine
1L Vegetative Disturbances
A. Blood pressure
1. Normal, increased, decreased; instabile
2. Normal; bradyeardic, tachycardiac; instabile; bounding, thready;
coupled
B. Respiratory rate, depth and character
1. Early: stertorous (slow, deep and noisy)
2. Late rapid, shallow; inspiratory phase shorter than expuratory,
mucus present or absent; hiccoughing
°Diurnal and even hourly variations betw
are r;ot infrequently observed. Wide swings shou

PESE TR

—

the of
insult, Id be regarded as evidences of grave



658 FUNDAMENTALS OF GENERAL SURGERY

1. Linear
2, Penetrating
3. Perforating
4, Comminuted
5. Stellar, bursting
6 Depressed (linear, comminuted, pond, gutter and disk types)
7. Dehiscence of sutures
B. Fractures and/or dislocations of facial bones, simple and compound
C. Fractures and/or dislocations of cervical spine {usually simple and
at C5-6), with or without spinal cord dysfunction ®
1. Compression (“wedging”) of vertebral body
2. Facets, pedicles, laminae, odontoid process
3. Anterior or posterior subluxation with ligamental tears
III. Injuries to Intracranial Contents
(Brain, menimges, blood and blood vessels, cerebrospinal flid and ats
cisterns, ventricles and channels)
A. Concussion (commotio cerebri)
B. Laceration and contusion (direct and contrecoup types)
1. Dura mater and/or venous sinuses
2. Pia-arachnoid
3. Cortex (cerebral and/or cerebellar)
4. Bran stem
C. Pulpification of lobe {usually temporal or frontal)
D. Hemorrhage
. Epidural (from anterior and middle meningeal arteries)
. Subdural (commenly of venous origin, but may be from smaller
arteries or arterioles and lacerated cisterns)
. Intracerebral
. Intraventricular
Extravasations, punctate and 1nterstitial hemorrhages, diffuse or
focal (of magnitude not amenable to surgical removal)
E. Bramn edema
1. Diffyse

1
2

CU L

°The association of myunes of the cervical spine and cord with head wjuries
and the frequency with which they are overlooked require special comment.
Fracture-dislocations of the cervical vestebrae and, in less severe cases, traumatic
myosn:s and 1 are fi 1 duced when physical violence 18 de:

of mere 1 due to subarachnoid bleeding; and the logical
consequences of concussion, edema and/or hemorrhage of the cervical cord have
often been erroncously imputed to the concomitant brain injury.

On a cervical disl duced by a frontally delivered jmpact or
by a whiplash injury, in which the inert1a of the head results 1n 2 snap and rebound
when the body is suddenly accelerated from behind, may spontanecusly reposition
aself, yet leave serious neurological defieits
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phenomena in the same case; and fluctuations are to be espected from
hour to hour, depending on variations i respiratory and circulatory
functions, the cbb and flow of cerebral edema and sulwnicroscopic
derangements in the cellular and extrcellular compartments,

Custcoratnotoaic SyNproMmes v Hian INjunics

Up to this point, attention has been given to the pathologic
processes and the clinical signs and symptoms commonly encountered
in cases of craniocerebral injury. We shall now review and evaluate
the attempts on the part of students of the past to discover a regular
correspondence between (@) particular pathologic lesions and (5) the
sequential course and combination of signs and symptoms said to
constitute “syndromes.” The ultimate purpose of such attempts has
been to enable the clinician to diagnose the former through demon-
stration of the latter,

Unfortunately, the traumatic syndromes have been overexploited
in many tevthooks; i.c., insufficient stress has been Iaid on the fact that
they are most useful in the presence of “pure” (unit-factor) lesions.
As was noted above, multiple lesions are by far the most prevalent in
head trauma, and the clinical features of one lesion tend to be masked
by those of other lesions. This should not be taken to mean that the
clinictan encountering signs manifestly consistent with a given trau-
matic syndrome needs not suspect the lesion conventionally associated
therewith; it merely wams that he should continue to proceed in
terms of probabilitics, anticipating the possibilities that (@) the sus-
pected lesion will not be found at all, (b) other lesions may prove
\vh.olly responsible for the clinical picture, and (c) if the suspected
lesion 15 found, other lesions, some surgically amenable, some not, may
coexist and require attention.

In this connection, the familiar syndromes of epidural hemorrhage
and increased intracranial pressure will now be examined:

. The essential features of the former ( epidural hemorrhage) con-
sist of (a) unconsciousness immediately following injury and prevail-
ing for a varying period (commonly three to twenty minutes), (b)
Bext a lucid interval; and (c) then a gradual development within one
to several hours (or days) of: unilateral headache, somnolence, stupor
and coma; enlargement of one pupil; conjugate deviation of the eyes
to}vard the side of the clot, paresis and mcreasing spasticity with or
without seizures of the contralateral limbs, vomiting; rise in blood
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. Temperature. hyperthermia, average 101°-104° F.; 1f uncombated,

may reach 107°-109° F,

. Upper gastrointestinal tract: nausea, vomiting, regurgitation of bile
. Skin

1. Anhidrosis (except when the brain injury is complicated by toxic
or infectious processes)

2. Flushed or cyanotic head, neck and chest; preagonal motthng of
extreraitics

3. Goose flesh in decerebrate states and other severe injuries

Sugar metabolism: frequently hyperglycemia and glycosuria

Sphincters: incontinence of stool and urine

Somatic Neurological Disturbances

Al

General signs

1. Headache (1ts locus is not a rehable index of the site of underlying
lesion)

Blurred vision, photophobia

. Internal strabismus, diplopia, 6th nerve palsy

Vertigo, in-co-ordination, tinnitus

. Epileptiform and decercbrate (tonic) seizures

Ut 0o 19

. Meningeal signs (often due to subarachnoid blood)

1. Headache, photophobia

2. Nausea, vomiting

3 Fever (101°-103° F.)

4. SHiff neck, eatensor hypertonus
5. Kernig and Brudzinski signs

6. Moderate leukocytosis

. Focal signs, expressed as dysfunctions of cranial nerves (8th, 7th,

6th, 1st, 3d and 2d nerves, m order of frequency involvement)
1. Motor power and muscle status
2, Reflexes, deep and superficial
3. Co-ordination
a) Equlbratory
b) Nonequilibratory
4. Sensation
a) Superficial (pain, tactile, warm and cool) modalities
b) Deep (position and vibratory) modalities
¢) Special (visual, auditory, gustatory, olfactory and equilibra-
tory) modalities

The foregong neurological signs may be thought of as subtended

by irritative or paralytic lesions. The former (irritative) appear as ex-
alted or perverted functions (e.g., as hypersensitivity, muscular twitch-
ings and focal or generalized seizures) and commonly signify early or
incomplete neural damage; the latter (paralytic) appear as depressed
functions (e g., hyposensitivity, dyspraxia, dysarthria, paresis or paral-
ysis) and commonly signify late or complete neural damage. Charac-
teristically, there 1s much overlapping of irritative and paralytic
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servative measures deseribed  below and proceeds to observe the
patient’s progress closely, re-examining him as often as changing con-
ditions require and comparing the results of each examination with
those previously recorded (Fig, 149). If it is apparent from the outset
that a surgically amenable lesion exists, and the patient’s general con-

INSTITUTE CONSERVATIVE MEASURES
1. If pt. stabilizes or improves «--
2.1f pt remains unstable g. mild to moderote degree----}

b. severe degree
3. If instability increases, i.e., pt. "loses ground"]l

BIPARIETAL BURR HOLES
¥

I: 1. If positive for epidurol ond/or subdural clot evacuote--

2. If negative or insufficient to account for signs]

VENTRICULOGRAPHY
S pa—

I:: I. I ventricles show no shift or deformity ~-——==w=ee-- 1
2.If ventricles are shifted or deformed

BONE FLAP & EXPLORE

for epidural, subdural, intracerebral
and ventricular clots, focal edema and
pulpification of brain —-==-==weu——- 4

Fic 149.~Flow chart of management of the patient with acute head injury.

dition permits, operation is performed early, othenwise, conservative
III;easurcs are employed until a more favorable condition is achieved.

y howcver, the patient appears at the outset to require no surgery,
conservative measures are instituted and continued until maximal func-
tional recovery is achieved. From this point on, only two circumstances
Prompt dePal’(ler from the conservative program. (1) progressive “loss
of ground” at any time and (2) failure after the first four to six days
to “oain ground.” If the patient exlubits either of the latter courses,
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pressure; and fall in pulse rate. This is certainly the best known, and
probably the most reliable, of the craniocerebral traumatic syndromes,

The second syndrome (increased intracranial pressure), hke the
first, has gained a seemingly secure place in the textbooks. It is that
of brain compression due to increased intracranial pressure. It was as-
serted by Kocher (1899), Cushing (1903) and many subsequent
investigators that from observations of rising blood pressure, falling
pulse rate, slowing respirations and deepcning stupor the clinician may
reliably infer the existence, degree and direction of progress of in-
creased intracranial tension. It was further claimed (and in some clinics
still is) that these data furmish dependable criteria as to the therapy
indicated, whether conservative or operative.

The unreliability of such syndromes, the reasons of their ineptitude
and a citation of illustrative errors that have resulted from reposing
false confidence 1n them have been amply demonstrated in previous
clinical and experimental studies by Browder and Meyers (1936-42).
Even greater uncertainty attaches to the more nebulous “syndromes”
of acute subdural hemorrhage and traumatic subarachnoid hemor-
rhage.®

Recent writers have generally been impressed with the hmitations
of the syndromic concepts and have urged that “good clnical judg-
ment,” rather than adherence to rules-of-thumb, constitutes the pre-
ferred orientation in caring for patients with craniocerebral trauma.

The foregoing may be summarized as follows: Clinical signs and
symptoms, even when they are consistent with a clinicopathologic
syndrome, do not make the pathologic diagnosis; they merely increase
the likelthood that the lesion associated with that syndrome will be
found.

MANAGEMENT OF THE HEAD-INJURED PATIENT

Fortunately, there is an effective way of circumventing the diffi-
culties of envisioning the precise pathologic process(es) at work ma
given patient This way is loosely referred to above as “good clinical
judgment.” We may now consider in what this judgment consists.

Briefly, the clinician confronted by a head-injured patient carries

out a preliminary ination, administers first aid, institutes the con-
*The d of chronic subdural h is better defined than that of
acute subdural } 1 , since the festations of chronic !

do not appear until a week or more after imyury, their description does not properly
belong in a discussion of acute head trauma.



HEAD INJURIES 665

Snock.—~If shock is present, its management takes precedence over
that of concomitant conditions. The standard measures for combating
shock have been set forth above {Chapter 8). Morphine, often con-
sidered routine in the treatment of shock, is contraindicated in head
injuries. Similacly contraindicated is the practice of lawering the head
below heart level. Such posture encourages intracranial venous stasis
and cerebral hypoaia,

Shock ascribable to head injury per se is not commonly encoun-
tered; for, if the initial shock pmduccd by head trauma is not severe
enough to kill quickly, recovery from the shock is rapid, Hence, by the
time the patient reaches or is reached by medical help, he is usually
out of shock or sullying rapidly from it. Among the approximately
6-8 per cent of the head-injured patients who present the picture of
shock at the time of hospital admission or develop it shortly thereafter,
the majority have serious extracranial injuries, such as abdominal or
thoracic hemorrhage, fractures, etc.

TRANSPORTATION.—Once transportation has been decided upon,
twa practical points require consideration: (1) in being transferred the
patient should be moved smoothly and frmly in “log-fashion.” To so
transfer the patient usually requires the co-ordination of three persons,
acting on prearranged signals. (2) During the trip he should be kept
in the Schafer posture.

Positiox.—Upon arrival at the hospital the patient should be put in
a quiet room and placed well over on his side. The head of the bed
should be raised about 20 degrees above the horizontal. The patient
should be turned, in log-fashion, from side to side every two hours in
order to prevent hypostatic pneumonitis and pressure sores.

ProreCTION.~Confused, refractory, hyperactive and partly stupor-
oOus patients may imperil themselves by c]imbing or falh'ng out of bed;
by removing dressings, oxygen catheters, nasogastric tubes, ete; and
by thrashing about in bed. Sedation in the usually recommended doses
may not prove effective. Unless a capable nurse is continually in at-
tendance, side boards and restraints will be required in such cases.
The c.amxsole is the most effective and innocuous form of physical
restra.mt. Son.mewhat less satisfactory are leather cuffs or muslin band-
age ties ap?hed to the wrists and ankles. In using cuffs and ties, proper
underpadding a.nd secure anchorage to the side of the bed without
slack are essential,

) VrraL SieNs.~Readings of the blood pressure, pulse rate, respira-
hon§ ar}d temper‘tlture should be recorded every fifteen minutes as Jone
as significant variations are in evidence. When physiologic smbxlizau‘o;
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surgical inquiry is indicated, ie., trepanation, with or without ventric-
ulography. Then, depending on the outcome of the inquiry, definitive
surgery may or may not be indicated.

ConsenvaTive Measunres.—At the initial examination the physician
endeavors to establish a “base line” consisting of a record of vital signs
(color, pulse rate, respiration, blood pressure, temperature), state of
responsiveness and gencral neurological status. All subsequent findings
ase referred to this and to one another. The preliminary examination is
necessarily brief, consisting of a rapid appraisal of such data as can be
obtamed by mspection, palpation and manipulation. Pallor, rubor,
cyanosis, sweating and palpable temperature of the skin can be noted
within the first few moments; and the rate, regularity and force of the
pulse and respiration can be estimated. A general idea of the existing
state of consciousness can be reached by determining the promptness,
vigor, co-ordination and adaptiveness of the patient’s responses.

The patient should be mspected for evidences of active and ar-
rested hemorrhage from the aural, buccal and nasal orifices. At the
same time, tests for nuchal rigidity can be made. Lacerations of the
scalp and general integument and gross evidences of fractures, dislo-
cations and concealed injuries and hemorrhage should hkewise be
sought.

Fmst Ap —If active hemorrhage is present, it should be stopped.
Neighboring parts should be shaved when necessary; simple wound
treatment should be carried out; and a snug, dry gauze dressing ap-
plied. For the most part, the lesions described above under “Marks of
Violence” (p. 656} can be disregarded during the first few howrs.

The only other condition that demands immediate attention is
impending asphyxia. This can usually be combated by arranging the
patient’s position so that the tongue, pharyngeal secretions, blood and
vomitus gravitate away from the pharynx. The classical Schafer resus-
citation posture * 15 satisfactory for this purpose.

The neural and humoral dysfunctions set into motion by partial
asphyxia can lead rapidly to irreversible brain damage and death.
Serious degrees of cerebral hypoxia may exist without cyanosis of the
skin and mucus membranes. When cerebral hypoxia persists, its carly
systemic consequences (rise in blood pressure, increase of pulse pres-
sure, fall in pulse rate and deepening of respiration) may be mistaken
for those resulting from increase of intracranial pressure.

T *In the Schafer position the patient 15 placed prone and the head turned to one

side. The forehead rests on the forearm of the imb on the side opposite that towar
which the face 15 turned.
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livered, clinical expericnce demonstrates that, on the one hand, linear
and stellate fractures may occur without neurological or psychologic
dysfunction and, on the other hand, severe and fatal brain injurics may
occur without accompanying shull fractures. The therapeutic regime
adopted in a given case depends on what is conceived to be amiss with
the brain, or with what may ultimately arise therefrom—e.g,, infection,
cicatrices, paralyses, convulsions, ete. This does not imply that x-ray
examination need not be made. On the contrary, the demonstration of
depressed and indriven bone fragments, foreign bodies, compound
fractures of the sinuses and linear fractures across the course of the
middle meningeal artery may prove of considerable value; and cer-
tainly, medicolegal considerations themselves make x-ray studies
mandatory. Nevertheless, it is rarcly necessary to hurry the newly
admitted patient to the a-ray table, particularly if his general condition
is considered precarious. In the majority of cases, radiologic examina-
tion may be postponcd until the third or fourth day.

LasoraTony Stupies.—Soon after admission, a routine urinalysis
and a complete blood count should be carried out. In the more
severely injured cases, blood sugar and blood urea nitrogen determina-
tions are desirable. Serological tests should be routinely carried out on
the blood and spmal fluid, and, if indicated, the alcohol content of the
blood and urine may be determined.

TeMPERATURE CoxTrOL.—One of the conspicuous clinical features
of the severely brain-injured patient is the development of an anhidrot-
ic fever. This of itself may lead to death. With the sweating function
deranged, heat from the body must be dissipated by means of respira-
tion and the physical mechanisms of conduction, radiation and con-
vection. At ordinary room temperatures and in hot weather, the latter
are not sufficient. Every precaution must therefore be taken to keep
hyperthermia under control. If successive readings of rectal tempera-
ture are near nmormal and stabilized, or falling toward normal, a
temporizing policy may be adopted. If possible, the room temperature
shuul:l be held at 55°-60° F. But if the rectal temperature exceeds
102.5° F., active measures must be employed to combat the fever, The
patxe‘nt should be stripped of bedclothes and an electrie fan played
measures mu:tcl(:emco:t?nue‘(;mirﬁlstlgum ko be instituted. These

1015 F. They are to be reins;tutedle lrectn} te.mpf:mture falls below
If. despite these measures, the wf e vy mses abave 1025° F.
. 0 5 ebnle state continues to rise,
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is established, the time interval between successive readings may be
increased,

A slow pulse is not uncommon, even after mild head injuries; and
it may persist for weeks. In itself, it does not constitute a bad omen.
The same may be said of respiratory rates ranging as low as 12-14 per
minute. However, blood pressures above 160/100 and less than 80/50,
and—even more important—hourly fluctuations of blood pressure with-
in these limits, constitute serious untoward signs. Similarly, instability
of the pulse and respiratory cycles in which the rate and depth build
up to a peak and then taper off every few minutes is often a forerunner
of the Biot or Cheyne-Stokes patterns.

Puratonary VENTILATION,.—If proper respiration is maintained, the
neurocardiovascular mechanism can be relied on to carry out its func-
tions with almost machine-like efficiency. As soon, however, as hypoxia
is permitted to develop, untoward circulatory changes develop which
tend, in time, to break over into circulatory collapse. Where oxygena-
tion is satisfactory, there is no necessity for administering pharmaceutic
support to the cardiovascular system in the form of digitalis, caffein,
epinephrine, nor-epinephrine, ephedrine, etc.

The on-the-side and Schafer postures, recommended above, facili-
tate respiratory exchange by allowing the tongue to gravitate forward.
If mucus collects in the pharynx and larynx, it should be promptly
aspirated. Lax or edematous lips and nasal obstruction due to dried
bloed in the nostrils may mechanically impair ventilation, resulting in
a slow build-up of oxygen debt. In such cases, an oropharyngeal air-
way often allows prompt restoration. Vegetative instabilities and
neurological dysfunctions often regress promptly upon proper estab-
lishment of the arrway. Slight adjustments of the head on the pillow
often make the difference between effortful and relaxed breathing.

If indicated, oxygen should be administered, prefemb]y by the
nasal catheter technic. In the case of infants and small children, an
oxygen box is often a more convenient device. Tracheotomy should
be promptly resorted to if the simpler measures for accomplishing
toilet of the pharynx and trachea prove ineffectual. .

X-ray Stupies.—If, during the first few days, the patient’s condi-
tion remains satisfactory, the clinician need not be overly concefx?ed
regarding whether or not a skull fracture exists. The patient’s condition
depends much less on the skull mjury than on concomitant cerebral
damage. While 1t is, m general, true that the presence of a skull
fracture is a rough quantitative index of the physx'cal violence de-
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vascular mechanisms; (e) they increase intracranial tension by 50-120
wmm., H;0, even i the normal individual; (d) they exert undesirable
side effects, e.g., on the gustminlcstin:ll and diuretic-antidiurctic func-
tions; and () their sedative effects can be duplicated by less nocuous
drugs.

Lumpar Puxcrune.~Lumbar puncture provides useful information
as to (a) the presence or absence of blood in the spinal fluid, and, if
present, approsimately how much; and (D) the pressure of the cere-
brospinal fluid.® Diagnostic puncture and manometry may be safely
carried out on recently injured patients unless blood and/or spinal
fluid is being discharged from the orifices. In the latter circumstance,
the possibility exists of reversing pressure gradients between the intra-
cranial contents and the extracranial atmospheric pressure, and thus
of further exposing the injured portal to infection,

The withdrawal of a small amount of cerebrospinal fluid may give
the clinician a useful anticipating mental “set” for the evaluation of
subsequent devclopments. Thus, if the spinal fluid is water-clear and
under normal pressure, it is extremely unlikely that cerebral laceration
or contusion and subarachnoid, subdural, intracerebral or ventricular
hemorrhage(s) are present. If, then, the patient should subsequently
lose ground, 1t is highly suspected that he harbors an epidural clot,
particularly if the spinal fluid remains clear but is now under increased
pressure. If, on the other hand, the spinal fluid proves, on first en-
counter, to be bloody and under normal or near normal pressure, the
inference is that cerebral contusion, laceration and/or subarachnoid
hemorrhage(s) exist. If such a patient should subsequently lose a
small amount of ground, the necessity for pressing inquiry concerning
a surgically amenable lesion would be less urgent than in the first case.

Current opinion among neurosurgeons is that the severity of cere-
bral trauma can seldom be inferred from so simple a cniterion as
intracranial hypertension; still less, that measurements of intracranial

pressure can be made a valid index as to the mode of therapy required.

The therapeutic value of lumbar puncture, as contrasted with the
diagnostic, rem.ains. a matter of warm controversy. Some investigators
contend that intracranial hypertension and cerebral edema can be
sﬂuuclflesi)ﬁvxllry C;)x:tr(;)ﬂe(%, alnd blood eliminated from the cerebrospinal
o epeated faps, el warh of hete penents ek YiFtues attach

P ps, and wamn of their potential dangers, contending

*The Queckenstedt test must not be done, See Page 654,
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colonic instillations of cool water are indicated. A necessary prelim-
inary to instituting the latter is the simultancous determination of
rectal and axillary temperatures. This establishes an axillary equivalent
of the rectal temperature. A colonjc tube may then be inserted about
18 inches mto the colon and 3-5 L. of cool tap water introduced, The
water is allowed to remain there for about eight minutes; then it is
siphoned off; and the measure is repeated over and over again. Mean-
while, large doses of aspirin may be administered. Should all these
measures fail, resort must be made to ice packs. In principle, however,
the clinician must act in accord with the conviction that in head
injuries, as in heat stroke, hyperthermia must be effectively controlled;
otherwise the fight will be lost on this ground alone.

OnrriciaL Bueepine.~Bleeding and the escape of cerebrospinal
fluid from the nose and/or ear need not excite undue concern. In most
instances the discharge ceases spontancously within a few hours or
days. The involved orifice may be washed or swabbed out, as occasion
demands. Packing and instillations and irrigations of medicinal agents
are dangerous because they may establish a pyogenic menmngitis. The
patient’s posture should be such as to favor gravitational drainage. If
conscious and co-operative, the patient should be urged to suppress
coughing and sneezing. Broad-spectrum antibiotic therapy should be
instituted as a precaution against the development of infection.

CHEMOTHERAPY, ANTIBIOTICS AND SEROTHERAPY.—When infection is
actually or potentially present, antibiotic and/or sulfonamide therapy
should be administered. Whenever indicated, the patient should be
adequately protected against tetanus and gas infection. .

SepaTion.~The stuporous and moderately restless patient requires
no sedation. Severe restlessness, however, should be combated by suffi-
cient doses of a drug to prevent the patient from injuring and exhaust-
ing himself. The following agents, used singly or i combination and
admmistered by mouth or rectum, are useful: phenobarbital, 60-200
mg.; bromides, 1.5 Gm; chloral hydrate, 1.5 Gm; and paraldehyde
4~12 ml. every four hours as needed. Very disturbed patients require
barbiturates intramuscularly or intravenously.

It is useful to bear in mind that 2 distended bladder is capable of
provoking restlessness and that catheterization offers prompt relief.

Narcotics should be circumspectly avoided for the following rea-
sons: (a) their miotic effect precludes the development of one of the

most valuable of “localizing” signs, viz, a disparity in the size of t.he
pupils; (b) they depress the actwity of the respiratory and cardio-
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juice. In addition, a simple humidifier may be cmployed in the form
of a water-moistened double layer of gause laid across the extemal
air passages. o

EuiviNamion.~Urinary incontinence is a frequent complication in
stuporous and disturbed patients. If bedsores are to be averted, it is
essential that linen be changed promptly whenever soiling occurs, An
indwelling Foley catheter may be passed into the bladder lllld.COlh
nected directly to a drainage bottle or to an intermittent drainage
apparatus, Urinary retention, which is much less frequently encoun-
tered, should be managed by the same devices.

During the first two to three days following head injury, little
attention need be given the bowels. Incontinence of stool does oceur,
but not nearly so frequently as urinary incontinence. On the othier hand,
fecal impaction is prone to develop in unconscious and bedridden
patients, It should be suspected whenever abdominal distention or
constipation appears.

Cosvursivg Serzungs.—Although dramatic, convulsions do not in
themselves necessarily constitute a serious prognostic sign. This state-
ment holds particularly true in regard to children and the isolated,
occasional seizures in adults,

Once a convulsion has started, 1t cannot be readily aborted—nor
need it be, The only procedures immediately necessary are those con-
cerned with protecting the patient from asphyxia and self-injury. There
is no necessity for prying the jaws apart in order to gag a mouth that
is already clenched in spasm. Injury to the lips, tongue and teeth may
result. However, repeated convulsive attacks (status epilepticus) lead
rapidly to exhaustion and demand anticonvulsant measures in the form
of bromides or dilantin sodium by mouth or barbiturates by vein or
muscle If the drugs mentioned prove insufficient, ether inhalation or
rectally administered Avertn® (90 mg./kg. of body weight) should
be employed

It 1s ymportant that the observer record accurately the march of
motor events that characterizes the onset of a convulsive attack. Such
data may furmish valuable localizing clues, which in tun may prove
of value m surgical therapy

BEpsoncs —It i§ esseutial to exercise unceasing vigil against bed-
sores and hypostatic pulmonary congestion, Ta these end:
should be turned from side to side every two hours, Sus
sure areas should be gently massaged,
as soiling occurs, Sheets should be kep!

s, the patient
ceptible pres-
, and bed linen changed as soon
t smooth at all times,
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that reduction of intracranial pressure may permit recently occluded
vascular channels to reopen, result in medullary and hippocampal
herniations and provoke an undesirable overproduction of cerebro-
spinal fluid. They assert that “nondisplaceable” elements, like cerebral
edema and collections of blood, soon take up the space previously
occupied by the displaceable cerebrospinal fluid and that this effec-
tually reduces the patient’s margin of safety.

DenyoratioN.~Following Weed’s demonstration (1921) that hy-
pertonic saline administered intravenously to normal dogs is capable
of reducing intracranial tension, it became standard elinical practice
to employ parenteral dehydrating agents in the treatment of head
injuries, In addition, the daily fluid intake was commonly restricted to
600-1,000 ml, per day, and magnesium sulphate was administered by
mouth. Through the years, hypertonic saline has been successively
replaced by glucose, sucrose, sorbitol and concentrated serum albumin.
About fifteen years ago, serious warnings of the dangers inherent in
dehydration therapy began to appear. Skeptics asserted that intra-
cranial hypertension of magnitude sufficient to constitute a clinically
significant factor is the exception rather than the rule; that the effect
of hypertonic solutions is not only unpredictable but may prove detri-
mental; that serious renal damage may be produced; that water deple-
tion in the presence of hyperthermic toxic states carries serious threats,
and that a fatal “reverse osmosis” * may occur.

In brief, the principle of vigorous dehydration appears to possess
little merit when employed in the head-injured patient and is gradually
being abandoned. The daily fluid intake should generally exceed
1,800-2,000 ml.

Nurarrion.~Unconscious and restless patients should not be car-
ried for more than twenty-four to furty-eight hours on parenterally
administered fluids alone, If at the end of such period they are still
unable to take nourishment by mouth, a nasogastric polyethylene tube
should be passed and stomach feedings instituted.

Mours HycieNe.—Unconscious patients breathing for hours on end
through the open mouth are prone to develop parotitis. The mouth
should be cleansed of dried saliva every three to four hours. A good
solution for this purpose consists of equal parts of glycerine and lemon

*When the finer vascular radicals of the brain have been nterrupted by lacera-
and ltiple thromb the passage of hypertonic solutions is

tion, 5
blocked, and the hypertonic agent can spill out of the mjured vessels, infltrate the
interstitial tissues, smbibe watery flds and further mtensify the pre-existing edema.
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Simple depressed fractures of the vault—such that the outer
table of the depressed portion is at, or deeper than, the inner
table of the adjacent vault
. Epidural hemorrhage
. Subdural hemorrhage or hemohygroma
. Massed intracerebral and intraventricular clots

6. Lobar pulpification of brain substances

The first two of these, which are, in tmost instances, apparent or
strongly suspected from external signs alone, rarely present dingnostic
difficulties. They are readily confimable by x-ray. Of the last four,
epidural hemorthage is the most urgent. Lack of treatment for an hour
or two can prove fatal. The therapeutic issues between conservative
and definitive surgical measures can be met with fair certainty by
making a burr opening over the parietal bosses. Should an epidural or
subdum) clot be encountered, it should be evacuated; if no lesion is
disclosed, the surgeon must pursue matters further, injecting air into
the ventricles and taking x-rays (ventriculography). If the ventricular
shadows appear normal, he may conclude that further operative
measures are unnecessary and reinstitute conservative measures. But
if there is a ventricular shift or distortion, he must reflect a bone flap
and search for an epidural, subdural, intracerebral and/or intraventric-
ular clot and gross pulpification of brain tissue. If edema only 1s
encountered, the bone flap may be sacrificed or loosely replaced.
However, nonspecific “decompressive”™ procedures of this type can
rarely be relied on to serve a useful purpose, indeed, they may make
matters worse, inviting further edema by occluding veins at the bony
margins of the decompression.

After the patient has been brought through the acute phase of his
injury, a number of residual conditions may require attention. Physicnl
therapy and psychosociologic rehabilitation will be required for almost
all patients with scvere head injuries. This job calls for an integrated
paramedical team. Post-traumatic epileptiform scizures may require
sustained medical treatment over the course of years. In the surgical
realm, treatment may have to be directed at chronic subdural hema-
tomas, persistent cerebrospinal fluid rhinorrhea and otorrhea, arterio-
venous fistulas with pulsating exophthalmos, convulsive states and
defects in the vault of the skull. But, for the most part, all these are
matters of election rather than urgency; and since they constitute

sequelae and complications of a chronic character, they fall outside
the scope of this discussion.

i
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Loss oF Grouxp; FALURE T0 GAtN.—When the experienced physi-
cian concludes that the patient is holding, gaining or losing ground,
he makes more or less deliberate use of certain categories of observa-
tion, viz., the vital signs, the paticnt’s responses (state of conscious-
ness) and the neurological findings. If repeated examinations indicate
that the patient 15 gradually approaching a normal status in all three
categories, conservative measures alone are in order. But if the patient
fails to make perceptible gains after the fifth day, or if he exbits
at any time a progressive decay of responses to stimuli and instability
of vital signs, surgical inquiry becomes mandatory. The decision to
seek surgical help is reinforced whenever neurological deficits pre-
viously in evidence become more apparent and/or new deficits appear.
The point to be stressed is that the physician can decide whether the
patient is gaining, holding or losing ground without making a definitive
pathologic diagnoszs.

Instability of the vital signs is a more sensitive indicator of ensuing
trouble than the patterns of the signs and symptoms of the classic
clinicopathologic syndromes. As an isolated finding, a bradycardia of
50 to 60 beats per minute, even if persistent for days or weeks follow-
ing head injury, need arouse no anxiety; nor should a tachycardia of
110 to 120 beats per minute, particularly if 1t occurs in children and
young adults. Broadly speaking, relative stability of pulse rate, blood
pressure, temperature and respiration, whether above or below normal,
justifies temporization. On the other hand, wide fluctuations of the
pulse, blood pressure and respiration indicate the need for surgical
inquiry.

Neurological disabilities mn the form of progressive pupilary
dispanties, nystagmus, conjugate movements, aphasia, paralysts, spas-
ticity, twitchings and convulsive phenomena command particular
attention. If the vital signs and the state of responsiveness remain
satisfactory during the Brst few days, the advent of neurological, dis-
abilities needs not, per se, force surgical inquiry. But when such
disabilities coexist with instable vital signs and deepening stupor,
surgical inquiry becomes mandatory (Fig. 119).

SURGICAL INQUIRY FOR SURGICALLY AMENABLE LEstons.—The lesions
that demand surgical attention during the early days following head
trauma are:

1. Compound fracture(s) of the vault—with or without depression,

indriven bony fragments, foreign bodies, devitalized and/or
extruded brain tissue
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2, Simple depressed fractures of the vault—such that the outer
table of the depressed portion is at, or deeper than, the inner
table of the adjacent vault

3. Epidural hemorrhage

4. Subdural hemorrhage or hemohygroma

5. Massed intracerebral and intraventricular clots

6. Lobar pulpification of brain substances

The frst two of these, which are, in most instances, apparent or

strongly suspected from external signs alone, rarely present diagnostic
difficultics. They are readily confirmable by x-ray. Of the last four,
epidural hemorrhage is the most urgent. Lack of treatment for an hour
or two can prove fatal. The therapeutic issues between conservative
and definitive surgical measures can be met with fair certainty by
making a burr opening over the parietal bosses. Should an epidural or
subdural clot be encountered, it should be evacuated; if no lesion is
disclosed, the surgeon must pursue matters further, injecting air into
the ventricles and taking x-rays (ventriculography), If the ventricular
shadows appear normal, he may conclude that further operative
measures are unnecessary and reinstitute conservative measures. But
if there is a ventricular shift or distortion, he must reflect a2 bone flap
and search for an epidural, subdural, intracerebral and/or intraventric-
ular clot and gross pulpification of brain tissue. If edema only is
encountered, the bone flap may be sacrificed or Ioosely replaced.
However, nonspecific “decompressive” procedures of this type can
rarely be relied on to serve a useful purpose; indeed, they may make
matters worse, inviting further edema by occluding veins at the bony
margins of the decompression.

After the patient has been brought through the acute phase of his
mnjury, a number of residual conditions may require attention. Physical
therapy and psychosociologic rehabilitation will be required for almost
all patients with severe head injuries. This job calls for an integrated
paramedxcal team. Post-traumatic epileptiform seizures may require
sustained medical treatment over the course of years. In the surgjcal
realm, treatment maybhave to be directed at chronic subdural hema-
tomas, persistent cerebrospinal fuid rhin :
venouspﬁsmlas with pulsI:Jiting exophlha(ix::::a ::n‘in?lt:l:rehesi’ o o

! s ates and
defects in the vault of the skull. But, for the most part, all th
matters of t:.llechun rather than urgeney; and sinclz t];ey oos:;;::
sequelae and complications of i .
th(el scope of this dx'[s)cussion. @ chronic Character, they fall outside
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In the late management of scriously injured patients, the general
practitioner and surgeon will usually find it expedient to seek the
help of neurologic specialists.
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CHAPTER 31

Chest Injuries

PULMONARY FUNCTION consists of two phases:
ventilation and respiration, Ventilation is the movement of gases to and
from the lung as a result of the alternate increase and decrease in the
capacity of the thorax, Inspiration, or movement of gases into the lung,
15 an active process resulting from contraction of the muscles of res-
piration, while expiration, or movement of gases out of the lUng, is a
passive process related to the elasticity of the lung and chest wall. The
pulmonary phase of respiration (or extemal respiration) has to do
with the absorption of oxygen and the elimination of carbon diovide
between the pulmonary alveoli and the blood in the pulmonary capil-
laries. The ultimate objective of this interchange of gases is to pro-
vide oxygen and remove carbon dioxide according to the metabolic
needs of the tissues. All influences which interfere with operation of
this delicately integrated system of gaseous transport and exchange
result in impaired cellular function,

Normally, there is a potential space between the visceral and
parietal pleurae. The negative intrapleural pressure, which at rest
measures about ~7 and —2 cm. of water on inspiration and expiration,
respectively, maintams the pleural surfaces in contact and the lung
in expansion, Alterations in intrapleural and intrathoracic pressure also
play an important part in blood flow through the veins to the heart.

When air or fluid is introduced into the pleural space, the lung
collapses. The pressure differential between the two pleural cavities
causes a shift of the mediastinum and a reduction in the ventilatory
capacity of the contralateral lung. Under these circumstances, respira-
tions are exaggerated in rate and depth, according to the extent of the
collapse and displacement. In spite of this, however, ventilation may
be deficient and hypoxia develops. The combination of mediastinal

675
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shift and decreased intrapleural pressure also causes interference with
venous flow and cardiac filling.

Pncumothorax may occur spontaneously or from trauma (Fig.
150). Closed pneumothorax results from rupture of the lung or large

) 1

Fic. 150.—Varieties of 3 A, open horax y d by ar
entertng the pleural space from the outside; closed pneumothorax produced by ar
entermg the pleural space from the lung. Closed pneumothorax 1s hikely to be com-
plicated by “tension pneumothorax” because the opening in the lung may act as a
onc-way valve. Combmed open and closed pneumothorax 1s often the result of
penetrating wounds (e g, bullet, stab, etc.). B, closed pneumothorax due to punc-
ture of the lung by a fractured nb. Combined p 1 produced by a pene-
trating wound. C, ldrge, open pneumothorax (“suching wound of the chest”). Arr
enters and leaves the pleural cavity with respiration. The mediastnum shifts back
and forth, and air passes to and fro from the mtact to the parily collapsed lung
(pendelluft phenomenon). There is lttle eachange through the normal airway.
Asphyua results,

air passages and air which enters the pleural space. In open pneumo-
thorax, an opening in the chest wall allows air to enter the pleural
cavity from the outside. Combined chest wall and lung injuries may
permit air to enter the pleural space from both sources. When air
enters the pleural cavity with inspiration and is unable to leave (one-
way valve action), intrapleural tension mounts and a dangerous con-



CHEST INJURIES 677

dition known as fension (or pressurc) pneumothorax, is produced.

When open pneumothorax results from a wound large enough to
allow air to enter and leave the pleural cavity with each inspiratory
and epiratory effort, the condition is known as a sucking wound of
the chest. If the opening approaches or exceeds the size of the normal
airway {trachea), the resulting disturbance in ventilation will rapidly
lead to death by asphyxia unless the opening in the chest is closed.
In this condition, movement of air takes place between the opened
pleural space and the exterior, as well as between the collapsed and
the normal lung (pendclluft phenomenon) rather than between the
atmosphere and the lungs. The opening in the chest wall must be
closed before adequate ventilation and respiration can be restored.

A somewhat comparable situation results from an extensive
thoracic injury with fractured ribs and unstable chest wall (“flail
chest”). Here an interchange of unoxygenated air occurs between the
lung of the injured side and the lung of the intact side, because on
inspiration the flal side is drawn in or retracts rather than expands
(paradovical respiration). Furthermore, because movement of the
chest wall is painful and the mediastinum is unstable, both ventilation
and respiration are greatly impaired.

When large amounts of blood accumulate in the pleural space
(hemothorax), cardiorespiratory disturbances resembling those pro-
duced by air result. There is a reduction in the aerating surface of the
lung, compression of the opposite lung from mediastinal shift, and
reduced cardiac filling. Under these conditions there is a marked
predisposition to shock, which is enhanced by the loss of blood from
the vascular compartment,

When air extravasates into tissue planes from lacerations of air-
containing organs, emphyscma is produced. Such collections of" air
may appear subcutaneously (subcutancous emphysema), where they
may remain localized or may become diffused. Generally, they cause no
difficulty and the air is gradually absorbed. When air collects in the
mediastinum (mediastinal emphysema), compression of the great blood
vessels and tracheobronchial structures may result.

Traumatic yzet lung is the result of severe chest injury with pul-
monarylcontusxofl. There is intrapulmonary hemorthage and edema,
StaSXS“\VIth ret.enhfm of secretiofls, and infection. The patient ultimately
may “drown in his own secretions.” Atelectasis and infection develop,
and the patient succumbs to bronchopneumonia unless vigorous
measures are initiated to prevent this sequence of events.
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Traumatic asphyxia is produced by sudden and violent compres-
sion of the chest with marked back pressure into the systemic veins,
particularly those of the head and neck. The physiologic alterations
are those which might be imagined to result from the Valsalva maneu-
ver extended far beyond physiologic limits. There is cyanosis, hemor-
rhages of the head and neck, brain damage and sometimes death,

Cardiac tamponade results when blood escapes from the heart
more rapidly than from the pericardial sac. As intrapericardial pressure
increases, the flow of blood to the heart is impeded and cardiac output
falls. The immediate therapeutic problem concerns relieving the pres-
sure by aspiration or operation and restoring normal cardiac function.

ExazunaTioN of CHEST

The extent of injury may be difficult to assess on the mitial survey.
Therefore, frequent and repeated examinations are usually necessary.
In some patients, the damage may be predicted on the basis of the
traumatic agency and its path {e.g., gunshot wound); in others, the
extent of damage is more obscure. Compound injuries are common.
The usual studies include a general history and physical, x-ray, electro-
cardiogram, blood and urine examinations.

Inspection of the chest may reveal abrasions, contusions, perfora-
tions, Iacerations or loss of substance of the chest wall. Deformity of
the nb cage and stemum and impaired excursion on inspiration are
often apparent. In minor injuries, tenderness, deformity and bony
crepitation may be localized discretely over one or several nbs. In the
flail (stove-in) chest, multiple fractures of nbs—sometimes those of the
entire hemithorax—may be noted. In this condition there may be
“paradoxical respiration”; that is, the movement of the thoracic cage
on the mjured side is opposite to that on the uninjured side, or inward
on mspiration and outward on expiration.

Percussion over the injured chest may indicate the presence of preu-
mothorax (hyper-resonance) or hemothorax (dulness). If the medias-
tinum and trachea have shifted toward the intact side, increased
intrathoracic pressure on the injured side (eg., fluid, air, or both)
should be suspected. When the mediastinum has shifted toward the
involved side, decreased intrathoracic pressure due to atelectasis or
massive collapse should be suspected

The breath sounds may be tubular in the presence of small
amounts of intrapleural fluid or air, or absent when large amounts
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accupy the pleural space. Fine riles suggest pulmonary congestion;
coarse riles, excessive tracheobronchial secretions with stasis. 1f there
isa precordial “crunch” or “click” which is synchronous with the heart-
beat, mediastinal emphysema is probable. When bowel sounds are
heard in the chest, herniation of abdominal viscera through a ruptured
diaphragm must be suspected.

Cardiac injury may be indicated by the irregularities in the pulse,
alterations in the heart sounds or electrocardiographic changes. Injury
to the heart may result from contusions or closed injuries (e.g.
steering-wheel injury) and frequently are unrecognized.

X-ray ExarunarioN oF CHEST

In an emergency, a working diagnosis based on the history and
physical examination may be adequate, but x-ray films are essential
before definitive treatment. The films should be made with the patient
in the sitting position if possible, and both anteroposterior (or postero-
anterior) and lateral evposures are desirable. Repeated flms are
necessary to follow the progress and to guide therapy after injuries to
the chest.

Fractures of the ribs are usually evident but may be overlooked
unless searched for in the injured area. Costal cartilage fractures can-
not be seen on the x-ray film. The lung fields, the mediastinum and the
diaphragm and nbs should be carefully inspected. Pneumothorax is
indicated by the absence of lung markings and the separation of the
visceral pleura from the parietal pleura by air. Increased density of
the lung fields may be produced by fluid in the pleural cavity. When
fluid but no air exists in the pleural cavity, it is difficult to detect the
fluid on the x-ray in amounts less than 300 ml. When both fluid and air
are present, a “fluid level” is seen when the patient is x-rayed in the
upnght position (Fig. 151). Under these conditions, small amounts of
intrapleural fluid can be recognized. Enlargement of the cardiac

silhouette suggests cardiac injury, hemopericardium and, possibly,
cardiac tamponade. ’

GENERAL PRINCIPLES IN TREATMENT OF CHEST Injuries

The status of cardiorespiratory function is the primary concern
after all chest injuries. There are simple and readily avaslable methods
for supporting and sustaining vital functions, provided the need is
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recognized. It is important, therefore, that the physician possess a basic
understanding of the common acute disturbances of the chest and the
measures which are effective in combating them.

Shock from chest injuries is more often the result of deranged
cardiorespiratory function than of blood loss. Painful respiratory move-
ments lead to poor ventilation and hypoxia. When extensive damage to

The pétxeﬁt made an uneventful recovery

the thoracic cage exists, these factors may produce or aggravate shock.
Of course, acute hypovolemia from blood loss should also be kept in
mind. Treatment for shock must be mstituted promptly, and every
effort made to maintain vital functions.

Pain may be controlled by support of the chest wall and procaine
intercostal nerve block. Opiates must be used sparingly, if at all, be-
cause they depress ventlation and the cough reflex. They are best
given intravenously in small doses, in order to secure the desir ed effect
immediately. Blood volume must be restored by whole-blood trans-
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fusion, with due consideration to the dangers of overloading the circu-
lation if ventilation is impaired.

The patient should be examined completely for multiple or com-
bined injuries. Thoracic injuries are frequently associated with other
regional soft tissue, skeletal or visceral injurics.

The general principles in the treatment of chest injurics are:

1. Combat shock; correct disturbed cardiorespiratory function;

relieve the pain; replace blood loss. Avoid depressant drugs.
. Enhance the cfficiency of aeration. Maintain a good airway;
administer oxygen if necessary; place the patient in the position
most conducive to effective ventilation.
Correct the cardiorespiratory disturbance. Cover the sucking
wound; decompress tension pneumothorax; relieve mediastinal
pressure or shift; support the painful and unstable chest wall;
relieve pain.
Do not move the patient unnecessarily.
Obtain chest x-ray films for diagnosis and as a guide to treat-
ment,
Treat wounds and associated injuries.
Avoid pulmonary edema. Administer parenteral fluids cautiously.
Prevent infection by proper wound treatment and use of
antibiotics and indicated prophylactic antisera and/or toxoid.

2

&

Rl

L

TecHNICS IN TREATMENT OF CHEST INJURIES

INTERCOSTAL NERVE Brock.—From 5 to 10 ml. of 1 per cent pro-
caine may be injected into the region of the intercastal nerves, includ-
ing two nerves above and two nerves below the area of injury. The
injection should be made just lateral to the erector spinae muscle.
Care must be taken to avoid injuring the intercostal vessels or entering
the pleurae, producing a pneumothorax. The hlock may be repeated
if necessary.

ADHESIVE STRAPPING OF THE CuEst.~—This is a simple and effective
method for supporting fractured nibs and a damaged chest wall. It may
not be applicable in extensive injury. The skin of the hemithorax
should be shaved and protected by applying a coating of tincture of
benzoin. Adhesive tape (preferably the elastic type), 4 inches in
width, is then applied with the chest in expiration, allowing the tape
to extend at least 2 inches beyond the midline both in front and I;n
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back. The tape may be left in place for five to seven days, and may be
reapplied if necessary.

TroRACENTESIS —Thoracentesis (aspiration of air or fluid from the
pleural space) may not be necessary to remove small amounts of air
or fluid of there is no ventilatory difficulty. Aspirate under aseptc
precautions only. Air may be aspirated from the pleural cavity by
mtroducing a needle high in the axilla, or in the second interspace
anteriorly, after local infiltration of the skin with procaine. In the
presence of continued leakage or tension pneumothorax, an intercostal
catheter should be introduced and connected to a water-seal system.
The glass tube of the system should extend at least 5 cm. below the
level of water in a bottle which is placed on the floor beside the
patient’s bed. This apparatus acts as a valve which pernuts air to
leave the system but prevents air from entering it. Because of the
danger of water entering the pleural space, the bottle should never
be elevated above the floor unless the tubing has been clamped.

Fluid in the chest should be removed by aspiration, with the
patient n the sitting position. For this procedure the skin is anesthe-
tized and the needle is introduced into the dependent part of the fluid
collection, usually at the level of the cighth interspace in the scapular
line. If the patient complains of tightness in the chest, faintness or
vertigo, or has uncontrollable cough, pallor or rapid pulse, the pro-
cedure must be discontinued. If there is no undue reaction, as much
as 1,000-1,500 ml of fluid may be removed. The fluid should not be
replaced by air. Repeated aspirations may be required, or tube drain-
age with water-seal bottle drainage may be necessary. Obtain bacterio-
logic studies on the aspirated fluid if indicated.

TRACHEOBRONCHIAL AspiraTion.—This is a simple and effective
measure for clearing the upper air passages of secretions and exudate.
It is performed as follows: The patient is placed in the semisitting
position. A new, prefembly “whistle tip,” No. 16 or No. 18 F. catheter,
connected by tubing to a suction machine, is used. The catheter is
mtroduced (without suction ) through the nose as the tongue is puued
forward. When the patient inspires, the catheter is rapidly advanced,
the tongue is released and suction is started. The catheter is moved up
and down for a few seconds, and then withdrawn a short distance and
remserted. If gagging occurs, the tube is probably in the esophagus;
if there is stridor and coughing, the tube is in the air passages. The
procedure may be repeated at frequent intervals.

If a catheter aspiration proves ineffective, bronchoscopy or tracheot-
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omy with frequent aspirations may be needed to maintain the airway.

Tracueoroay.~Chest injuries may be associated with neck, jaw
or head injuries which contribute to respiratory obstruction and reten-
tion of seeretions. It is imperative that the airway be kept open and
clean if the patient is to survive. If this cannot be accomplished by
other means, tracheotomy must be done without delay. To procrasti-
nate is to risk the patient’s life.

Emergency tracheotomy may be necessary, For this procedure the
head is placed over the side of the bed with the neck in extension. A
longjtudinal incision is made in the midline of the neck over the
trachea. The fascia is separated in the midline, and an opening is
made into two tracheal rings at least two rings below the cricoid
cartilage. A tracheal cannula or an improvised device is inserted to
maintain the opening in the trachea, Catheter aspiration should be
carried out at frequent intervals. (For the details of post-tracheotomy
care, which are very important, see other texts.) In elective tracheot-
omy, a transverse skin incision and other refinements in the perform-
ance of this operation are preferred.

TransTHORACIC OPERATION.—This operation may be indicated in
open chest wall wounds, continued intrathoracic bleeding, combined
thoracoabdominal injuries, esophageal injuries, progressive and rapid
accumulation of air i the thorax and certain heart injuries.

CoratoN THORACIC INJURIES AND TREATMENT

Sovere Fracrures oF THE Rims.—These are usually produced by
direct trauma. The patient complains of local pain, aggravated by
cough or deep breathing. There is tenderness, a palpable deformity
and often crepitation at the fracture site. The diagnosis is confirmed by
x-ray examination. Adhesive strapping, intercostal nerve blocks, anal-
gesics and rest are effective therapeutic measures.

Oren PNEUMOTHORsX.~In open pneumothorax ( sucking wound ),
the larger the opening in the chest wall the smaller the amount of air
that enters the lungs through the trachea, The lung on the injured side
collapses, and the mediastinum shifts toward the good side and tends
to move back and forth with respiration {mediastinal flutter). Air also
passes back and forth from one main bronchus to the other with each
respiratory cycle (pendelluft phenomenon). Ventilation is rendered
ineffective, and asphyxia ensues,

Immediate closure of the chest wound with an occlusive dressing
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is imperative. When positive-pressure anesthesia is available, definitive
treatment of the chest wound and underlying damaged lung and
pleurac may be instituted.

Texsion PreEumoTHORAX.~When there is a Iaceration of the lung
which allows air to enter but not to leave the pleural space, tension {or
pressuie) pneumothorax develops. This may follow trauma or spon-
taneous rupture of an emphysematous bleb of the lung. Progressive
collapse of the involved lung, mediastinal shift and decrease in capac-
ity and function of the opposite lung follow. Cardiac filling and output
are fmpaired. Anoxia, with mpidly progressive deterioration of the
patient, ensues.

The side of the collapsed lung is hyper-resonant, Breath sounds are
absent. The trachea and mediastinal structures are shifted toward the
opposite side. There is marked dyspnea with pallor or cyanosis, Expira-
tory efforts are shallow, and inspiratory efforts difficult.

The condition may be recognized from the clinical history and
physical findings. X-ray findings are confirmatory.

Immediate decompression may be cffected by the introduction of
a large bore needle into the second or third interspace anteriorly, fol-
lowed, if necessary, by a catheter (Nos. 20-22 F.) introduced through
a trocar and connected to a water-seal apparatus.

Hexotiorax.—Some blood in the pleural space is to be expected
in nearly all chest injuries. Large collections which reduce the pul-
monary reserve and deplete the blood volume lead to rapid deteriora-
tion of the patient’s condition. The blecding may come from vessels of
the chest wall or the thoracic organs. Rapid hemorrhage can occur
from the mtercostal or internal mammary arteries. Less active lflecd-
ing, which may stop spontancously, usually results from injuries to
vems, small arteries or the lung. Hemothorax can be produced by both
closed or open injuries. It should be remembered that the intercostal
vessels may be torn by sharp ends of fractured nbs. .

If the pleural space promptly refills with blood after aspiration,
direct ligation of the bleeding vessel at thoracotomy may be rcqutred~
Intermittent aspiration of blood is usually adequate in lesser degrees of
hemothoras, Aspiration should be continued so long as about 100
ml. or more of flind is obtained.

Blood m the chest usually remains fluid as a result of defibrination
by the action of the heart and lungs. The fibrin is deposited on the
pIeural surfaces, where 1t eventually forms a thick fibrin covering, or
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“peel.” The peel gradually becomes organized fibrous tissue which
incases the lung, prevents its expansion and renders it completely
functionless. The main objectives of treatment in hemothorax are to
remove the blood from the pleural cavity and to expand the lung as
carly and completely as possible. If this is not accomplished, decortica-
tion and expansion of the lung by operation may be necessary. Opera-
tion is usually not done sooner than three to six weeks after the
development of hemothorax, or until a line of cleavage exists between
the peel and the pleura; but it should be done before fibrous tissue
organization has occurred.

1f blood in the pleural cavity becomes infected, empyema (thoracic)
develops. The exudate becomes purulent, and the patient exhibits
systemic signs of infection, Bacteriologic studies will indicate the
offending organism (or organisms) and the specific antibiotic therapy
most likely to be effective. Intercostal tube drainage, or nb resection
with closed (or open) drainage of the pleural space, may be required
before the infection is eliminated.

Fram (“Stove-in”) CuEest.—Multiple fractures of the ribs and/or
sternum lead to loss of chest wall rigidity. Paradoxical movement of
the chest wall, mediastinal flutter and the pendelluft phenomenon
develop. Shallow grunting respirations with the inability to evacuate
lung secretions and exudates by coughing are constant findings. Wet
lung and other complications are to be anticipated unless the chest
wall is stabilized, the pain is relieved and the tracheobronchial tree
is cleared.

Intercostal blocks, stabilization of the chest wall, enforced cough-
ing while the chest is supported, and tracheobronchial aspiration are
helpful. Adhesive strappmg is most useful if only one side is involved.
In bilateral chest injuries, elevation and fixation of the sternum by
traction, applied through a towel clip fastened to the sternum, may
be advisable,

Trauntaric Wer Lunc.~This condition probably develops to some
degree in all serious chest injuries. It is characterized by a wet, inef-
fective (fough, with rattles and wheezes often heard at a distance from
the pah?nt. There may be restlessness and cyanosis. Both fine and
coarse riles are noted on auscultation. The X-ray ﬁndings are some-

times suggestive of bronchopneumonia or atelectasis, but the:

; G r Y may b
negative. The immediate problems and the therapy are: to} ixr:p{ovz

tracheobronchial drainage~by aspiration, bronchoscopy, or hoth; to
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relieve the painful respirations and cough—by intercostal block rather
than with morphine; to relieve anoxia~with oxygen; and to prevent
infection—by administration of antibiotics.

Brast Injunv.—Blast injury is not commonly encountered in
civilian life. It results when explosive forces produce disruption of the
lung parenchyma with rupture of the pulmonary vessels and alveoli,
intrapulmonary hemorrhages, edema, emphysema and loss of normal
pulmonary elastic recoil.

There may be little external cvidence of a chest injury; but
dyspnea, cough, hemoptysis (bloody froth) and signs of diffuse pul-
monary edema and pneumonitis may appear. The treatment is con-
servative: absolute rest, antibiotics and treatment for shock. Secretions
should be removed by aspiration. Pulmonary edema may require
positive-pressure oxygen inhalation and hyperosmotic solutions intra-
venously,

MeprastiNar Earpysensa.—In this condition, there is an accumu-
lation of air in the mediastinum as a result of tranmatic, operative or
spontaneous perforations of air-containing organs, such as the trachea
or bronchi, lung or esophagus. The extravasated air extends about the
hilus of the lung, the great vessels of the mediastinum and subcu-
tancously into the head and neck. The pressure in the mediastinum
may occasionally be sufficient to interfere with cardiopulmonary
function.

In severe mediastnal emphysema, there are several important
findings: The veins of the head and neck are distended. Cyanosis,
anxiety and dyspnea are common. Crepitation at the base of the neck
may be detected. Characteristically, there is a precordial crunch or
click which is synchronous with the heartbeat. X-ray examination
reveals air in the mediastinum and usually an associated pneumo-
thorax. The tension may be relieved by making an opening into the
mediastinum through a low “collar” incision, similar to that used in
thyroidectomy. If pneumothorax is present, it must also be treated. If
there js an esophageal wound, it must be treated surgically.

SuBcUTANEOUS ExPHYSEMA.—~Air may also extravasate subcutane-
ously from mediastinal emphy or from ion p othorax
through a nib fracture site in the chest wall when the parietal pleurac
is torn. The extravasation may be localized or widespread. Although
the appearance of the patient is often frightening, this condition in
itself is mot serious and requires no active intervention. Treatment
should be directed toward the primary underlying condition.
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Acute Canpiac Taspoxape~Stab and bullet wounds may cause
hemarthage from the heart or coronary vessels into the pericardial
sac. Pericardial tension increases from relatively small amounts of
blood (200 or 300 ml.), First the superior and inferior vena cava, then
the auricles, and finally the ventricles are compressed., The triad of
acute cardiac compression (Beck) consists of (1) a quict heart; {2)
rising venous pressure and (3) falling arterial pressure. A shocklike
picture  develops, and the condition is fatal unless promptly selieved.
The pericardial sac may be aspirated by introducing a long needle
(Nos. 15-18) through the left costoxiphoid angle inward and upward
(about 45 degrees) for a distance of about 45 cm. 1F symptoms and
signs of tamponade are relieved, this may be enough; bat if they recur,
repeated aspirations or open operation for control of hemorrhage may
be required.

Canviac Contuston.—It is probable that contusion of the heart
occurs more frequently than realized. Direct trauma to the chest wall
may cause slight or severe cardiac damage. Contusion is suggested by
irregularities of the pulse, alterations in the heart sounds and electro-
cardiographic changes. In many respects the condition resembles
coronary occlusion, and the treatment is quite similar.

THORACOABDOMINAL INJuRy.~The mortality in combined injuries
is greater than from wounds of either the chest or abdomen. When the
probability of abdominal injury exists but the issue is not clear, explor-
ation may be advisable. It should be remembered that pure thoracic
injury may also cause severe abdominal signs. Abdominal spasm due
to thoracic trauma is often localized to one side. Intercostal nerve
blocks may aid in determining the relative importance of chest pain
and abdominal signs. When cardiorespiratory function is seriously
distarbed, it should, if possible, be improved before exploration is
undertaken.

The patient with a chest injury can be said to be progressing
satisfactorily when (1) bleeding has been controlled; (2) the patient
is totally resuscitated; (3) the tracheobronchial tree has been satis-
factorily cleared, (4) the chest wall is stable and painless to the extent
that cough and aeration are effective; (5) no signs of circulatory
disturbances are present; (6 } all wounds are properly débrided and
dressed; (7) the pleural space is free, or is being freed, of blood
and/or air; and (8) the lung is expanded or expanding. ’
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mechanical, 262
atency, and Pentothal®, 269
Albumin
and globulin ratio, 420, 427
and renal funchion, 471

O
Alcohol, 116, 250
Alcoholism

and surgical treatment, 237 f,

for currhos:s, 238

in differential dragnosis, 358, 414, 461
Aldosterone, 62
‘Alimentary canal, 311- 391

sce also specific organs

lower, 363-391

mid-, 336-361

metabolic, 85, 87 f.
respuratory, 88
Ambulation
postoperative, 242
early,



preoperatine, 212
Amcloblastoma, 528
Amcthopten, 219
Amigen®, 90
Amuo acid —
and body fluid balance, 77
for hypopotassenna, 84
in nutnuional requirements, %0 £., 110,

i protein synthesis, 104
Amnopterin, 219
Amznosol®, 90
Amputation

and fracture healing, 621

and gangrene, 595 1.

gas, 154

for melanoma, 224
“neuroma,” 5
preoperabiv e cooling for, 42
Amy lase, 436
Amyl nitrite, 399
Anabolic-phase of consal (2318
Anabolism
protein

androgenic hormones for, 63
fibrin for, 114
Analgesta, 269-272
postlumbar puncture headache, 271
Anastomosis
after protein depletion, 103
and blood \esscfclosure, 593
bowel, and repair in pentoncum, 303
for alimentary canal continwty, 521,
52

in spnsm-release, 839
1 for portal hyp

INDEX 691

. , 211
in traumaltic-injury repair, 525
injury due to
neuros ascular, 200
systemic response, 56, 58
local: reactions to, 272 ff.
regional, 269 ff,
shock due to, 119, 127 ff.
story of, 22
Anesthesiologist
i choice of anesthesia and technie,
e

procedures at operation end, 245
Ancunysms, 381, 587
artenovenous, scc Arteriovenous fistula
atherosclerotic, 5
carohid artery, 338
arsoid, 226
dissecting, and acute abdomen, 473
Angina pectons: surgical nsks, 234
Angioma, 225
Aunkle, fractures, 823 £,
treatment, 626
Anomaly: congemtal
abdominal, 463, 484, 516 ff.
atresia, scc Atresia
fistula
rectovaginal, 519
rectovesteal, 519
tracheoesophageal, 312 £, 463
zastrointestinal tract, 463
hermia, 484

Androgen
and androgemic drugs, metabolic ef-

fects, 83

and cancer, 204, 219, 577
Anemia
and irradiation, 218
and malnutrition, 108
or protetn depletion, 104
and peptic ulcer, 325
and portal hypertension, 431
and splenomegaly, 460
congenital hemoly tic, 452 f.
correction of, 110
in thermal burns, 195
dilutional, 185
Anesthesia

agents and technics, 254 ff.
arrway maintenance during, 261 ff.
and protem depletion, 104
cardiac responses, 274 f.
for wfections of extremities, 43
for splenectomy, 457
gas-oxy gen-ether, 243 f.

dmphmgmatic, 463
ilical, 198499

hypertrophic pyloric stenosis, 516 f.
ileus, meconium, A
imperforate anus, 463, 518, 519
malrotation, 463, 521 ff.
Meckel's divesticuhtis, 517
Megacolon, 521 f.
Milroy's disease, §10
neck, 534
omphalocele, 498
Anorexia, 81, 84 f.
malnutntion due to, 107

0x1a
ir; shock;1129, 133
of central nervous system, 185 f.
Anthrax, 162 Y 5
Antibioties, 169-179
and surgical infections, 242
broad-spectrum, 174, 177
. 1n tetanus, 15] f.
n 'y
in head mjuries, 668
in liver function impaurment, 429
1 lymphangitis, 149, 172,
in wound handling, 46 f,
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Antibiotics (cont )
prophylactic, 171 f.
topical usage, 174, 178
Anticoagulants
for pulmonary embolism, 291
for thromboembolic disease, 242
Antilustamine
for transfusion reaction, 137
serum sickness, 138
Antiseptics
agents used for, 167 ff.
“aseptic conscience,” 143
ntroduction of, 22
technics, 32, 43 £, 143
Antitorin: tetanus, 151
for open fractures, 632
for osteomyelitis, 633
Anus
anatomy, 378 1., 383
and rectum, 378-391
cancer, 383
fistula, 384-387
imperforate, 343, 463, 319
Aorta

INDEX

“icute, 337, 466, 173, 478 .

examination for, 468
in childhood,
and young adult Life, 463
obstructive, 351-353
pathogenesis, 352 f.
treatment, 359 f,
emergency laparotomy, 351
postoperative, 360
Appendix
apatomy, 334
sition variations, 356
flammation, 35
obstruction of, 352
pathogcn_s and defense mechanisms,

ruptures, 306, 360
see also Pentonitis
Arrhythmias: and surgery, 234
Arteriography, 584
Artenosclerosis
and aging, 323

and gangrene, 584 f.
and infection, 141

Artery

meningeal, hemorrhage, 638
mesenteric, embolism, 344, 466
occlusion: and fractures, 639
transplants, 53

Aschheim-Zondek test, 450

Asates
in Bantr’s discase, 460
in differential diagnosis, 419
m I)orml hy pertension, 432
pulmonary, 88

Asphyaia
and cardiac arrest, 275
and open pneumothorax, 676, 683
from tracheal compression, 519
traumatic, 684, 678

Aspiration

or atelectasis, 242
needle, of thyroid, 533
of airway, 243
of pentoneal cavity, 457
pnecumonia, 278
pneumonitis, 309
suction apphances for, 262
tracheobronchial, 244, 682

Asthenia, 85

Atelectasis
pentonttis complication, 309
postoperative, 39, 242 f., 247, 279-283

Atherosclerosis
aortic ancurysm, 588
operative correction, 584

Atresta: cangenital
of bile duct, 518
of duodenum, 517 f.
of esophagus, 312
of gut, 463
symptoms and treatment, 313 f.

intestinal obstruction, 343

Atropine, 258, 291, 388

Aureomycin®, 177 £

Autografts, see Transplantation

Autonomic pervous system
1n thyroid disease, 544
preanesthetic medication, 255
response to mjury, 61

Avertin®, 151 £., 671

Avulsions, 636-657

Axonotmesis, 49

Azaserme, 219



B

Bacitracin, 174, 178
Bacteremia
and antibiotic therapy, 172
and parenteral fluids, 92
Bactena
and Iualmg process, 32 iL.
and “lag pcnod of growth, 33
and hyperemia, 30
infections due lu, s(‘c Infections
Bainbridge reflex, 5b
Banti’s dusease, 164
Barbiturates 250, 236, 269, 274
Bastholin test, 460
Bassmi, Edoardo, 28, 493
Battle's sign, 657
Belladonna, 256

Benadny 1%, 251
Bernard, Claude, 21,68
Bile

bilirubin exeretion in, 398
canaliculi, and liver anatomy, 109
flow obstruction, 15
pentomitss, 399
secretion, 397
and flmd balance, 76
Bile ducts, 394-396, 403-106
cancer, "403-406
congcmnl atresia, 518
in Liver anatomy, 409
and function schema, 410
obstruction, 106
in differential diagnosis, 47
stones, 403-405
Bihary tract, 394 ff.
anatomy, 393
vanations, 396
XSeaS{Q‘Sﬂ

dr. .
tion, 76
pressure-regulating function, 399
Bilirubin, serum, 404 f, 421
Bullroth, Theodor, 28
I operation, 327

onpi{
Hodgkm s disease, 540
defined, 2
tn breast condmons, 566,574 f.
with se_ll'gphon of areola and nipple,

n cance;‘dnagnosis, 203 f., 315, 534,

in neck masses, 534

in traumatic fat necros:s, 566

needle aspiration of thyroid, 535
Bladder

INDEX 69X
infection, postoperative, 297
urinary

in tetanus treatinent, 152
rupture, G421,

Blastomyces dumaulidu, 166

Blastomy cosis, 1

Blood
butfer sy stems of, 88
carbon dioxide combln(n;, power, 88
cercbral

clot, 830, 632, 673
injury to, 638
lotting, 630 If., 673
control, 91.35
in hemorrthage, 131
intravascular, 150
intrav «,nlncuiar, 73
deficiency, 86, 69, lOl 108 3235
restoration, 110 €., 2 1.
clccuolf te conccntm(mn 71
in nipp%dxscharge. 1n breast cancer

loss
after injury, 61
stemic responses, 133
and‘ hypos ulcmm, 680
and shock, 122 £,
pH, 72 f.
plasma
for blood volume erpansion, 138

in body fluid balance, 70, 76
production by spleen, 451 f.
rcspomiiéo and from shucl\ 119, 124

sodium concentration, 77

stool content, 381, 446

tracheobronchial aspiration, 244

transfusion, 136-139
for emergency operation, 234
i malnutntion, 110
m thermal burns, 189

urea, and dehydration, 82

Blood c

pmhfemtion, 30,49 £, 53,60

Te
abnormalities,

185, 452,

potassium content, 71, 83
lregcneralmn, 29, 43 50

wlite, count 1n appendicita

Blood flow ve s 357
ang d]ehnyldmuorfl 79, 82
and healing of wounds, 30
3T 48 , 3033, 41

80, 110, 126, 135
69

and intestmal obstruction, 339, 344
and lymphatic disease, 610 ff.
artenal, 582 ff

Testoration, methods 595
cerebral, 123, 2
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Blood flow (cont.)
1 fractures, 626, 633
m head mjures, 652
of biliary tract, 396
penpheral
and shock, 119 ff., 126 ff.
rate, 129
volume, 123, 129
assessment, 583
portal, m splenomegaly, 455
1cnotis, 6
Blood pressure

INDEX

and cerebrospinal fluid pressures, 654
artertal, 654
cuff, for bloodless field, 43
in dehydration, 81
in shock, 122 ff,
systolic, 125
venous, 654
1n pulmonary edema, 86
in shock, 123

ody
flwd, see Fluid
temperature, sce Fever; Temperature,

ody
weight, sce Werght
On!

e
decalaification, 634
grafts, 53
myury, 657 f,
see also Fractures
and leuhocytosis, 144
marrow
and spleen, 452
aplasia, 453
in idiomath 1

malnutntion duc to, 108
of blood supply, 466
strangufation, 345 f.
tumors of, 350
Bradycardia, 275
Brain
concussion, 653 f., 658
contusion, 33, 49, 830, 656, 658
cdema, 630 £
serum albumn in, 13§
types, 858 f.
hemorrhage, 133, 638

Yes.o.o, ..
Brain stem
injury, 658
shift across midline, 650
Branham’s sign, 589
Breast, 558-579
arcola eruption, 572
arterial blood vessel to, 559
“blue dome,” 574
cancer, sce Cancer, breast
diagnosis, 574 £,
diseases
evstie 564 f

e pray
ool

Y
ot I o
metastasis, hormone palliation thera;
for, 577 i
necrosis, 637
as cancer complication, 532
osteomy elitts, sec Osteomyelitis
tuberculosis, 162 ff
vulnerability in Trendelenburg posi-
tion, 260
Bowel
cancer of, 464
distention, 472 f,
after intestinal obstruction, 342
Function,
disturbance in, 114, 464
1 tetanus treatment, 152
necrosis wath yolvulus of midgut, 524
obstruction, 467, 488
and dehydrauon, 78, 95-96
diagnosss, 472
emergency opcrations in, 244

YSD 3
examination, 561 ff, 574 f
steps, 562
fibroadenoma, 565 f , 574
imvolution,
lymphatics, 559-561
and metastatic spread, 569 f.
necrosis, traumatic fat, 566
nipple discharge, 564
plasma cell mastiis, 566
Bromsulphalein test, 420, 422
Broncluectasis, 173
Bronchus, 278 ff.
Bronchopneumonia, 677
Bronchoscopy, 242
Bryant’s traction, 627
Buerger-Allen exercises, 583, 591
Buerger's disease, 585
Bums, thermal, 181-199
adrenal insufficiency 1, 238 f.
and antibiotics, 172, 19
classification, 182 f.




dehydration due to, 78

hypopotassena due to, 83

irresersible tissue changes, 183

protein lovses of, 107

shock due to, 119, 127
systemie cffects of, 184

treatment, 188199

Butler's poly ionic solution, %0

[o4
Cdlcl:lll;l 56
and hyperpotassemia, 8
body ﬁu.d content, 71
requirements for, 76
dcpouli&;l. in fractures, 617, 6314,

excretion, and vitamin D, 106
serum content, after thyroidectomy,
531

Calorie, requirements, 103 f,
and ntake, {11 f.
in parenteral therapy, 91
in tube feeding formula, 113
Cancer

anorectal Junction, 367
anus, 3.
basal cel}, 203
bdiar{ tract, 405 f
bowel, large, 384
breast, 568-578
cecum, 336 f,
cells, 201

division and polanty, 569 f.
colloid, 568
colon, 353, 359, 366-373, 383
danger signals, 208 §,
diagnostic mistakes, 211 £
esophagus, 314 f
etiology, 203-203, 568

see also under specific type
gallbladder, 105 £

astric, see Cancer, stomach

hepatic, 204
hormonal alteration, 218
mflammatory, 569
moperable, 575

Capllary

INDEX 695

internal, 215

inlmumL 332

frremon able, 215

Tip, 528-330

lung, 138

Iy mph nodes of neck, 209

cenvical metastatic, 539

medullary, 368 .

metastatic, 209, 529-332, 535 £, 5338 £.,
554 If., 561, 569-578

mouth, 529, 532

mucinous, 528, 530, 568 f.

pancreas, 360, 438, $15-117

papillary, 553, 568

parotid gland, 527

rectun, 367, 3

scirthous, 568, 569

stomach, 326-334

and vitamm B, 204

symptoms and signs, scc under speafic

type

thyroid, 552-537
tongue, 528, 530
treatment, see under speafic type

hemangiomas, 226
mgrowth
in shup grafts, 52
1 wound healing, 60
permeability, 69, 144 £
resistance 1n thrombocytopenic
purpura, 459

Carbohydrate

and nutritional balance, 103 ff | 111,
113

protem-sparing action, 105
stores after njury, 63

Carbomycin, 177 £,
Carbon dioxide

and acid-base balance, 72

and tomeity, 100

combining power, 73
m alkalosis and acidosis, 85-88
m shock, 123

retention, 249 £,

Carboxypeptidase, 436
Carbuncle, 142, 147 ., 156, 173
Carcinoma, see Cancer
Cardiac arrest, 274-276

and potassium, 84, 91

Cardiac output

after mjury, 61

in arteriovenous fistula, 589
in dehydration, 82

in shock, 122 £,

manually sustained, 275
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and pulmonary embolism, 278
diseases, 234
see also speaific discases

Carotid artery, 533, 53

ancurysm, 538
Carotid body syndrome, 536, 538
Catabolism, protein, 62
Cathetenzation, preoperative, 214 £,
Cat-scratch fever, 162
Cecum

infection of, 354

shding hernia of, 498
Cellulitis, 142, 148 ff.

antibiotic therapy, 172 £,

clostridial, 142, 152

hand, 159

neck, 41
Central nervous system

actwity after injury, 61 f.

and syphilis, 164

disorders, 79

treatment for, 89

Cephalin ﬂgcculnuon tests, 240, 420,

Cephalo]lex;'lillu‘ma, 657
Cepryn®, 168
Cerc?)’rospmal flud, see Flud, b

Chloride
body fluid content, 71, 77
. requirements for, 76
in parenteral therapy, 90
unnary eacretion, 87
and salt depletion, 78
in dehydration, 80 f.
Chloroform,
Chloromycetin®, 177 f.
Chlorpromazine, 417
and jaundice diagnasis, 414
Chlortetracycline, 177 £.
Cholecystectomy, 57 ff.
Cholecystitis
acute, 401—10‘;3

chranin 4NN

with stones, 400 ~
Cholecystoduodenostomy, 447
Cholecy stoenterostomy, 447
Cholecystography, 398
Cholesterol, 240, 420, 425 f.
Cholografin®, 418
Chromatolysis, 653
Chyostek’s sign

after thyroid,

spnal
Charcot's disease, 164

laceration of, 40
subcutaneous emphysema, 657
Chemotherapy. See under name of drug
Chest
adhesive strapping, 681 £,
nb fractures, 683
examination, 678
flail, 677, 685
fluid removal, 682
injurzes, 675-687
cardiorespiratory function after,
679 f

intercostal nerve block for, 681, 683
thoracentesis, 682
tracheotomy for, 683

treatment, 681-687

1]
abdominal conditions of, 512-524
hernias, 490
and cystic hygroma, 540
and gouter, 552
greenstick fractures, 816
intestinal obstruction 1, 343
need for fluid and electrolytes, 110
and water tumover, 74
therapy for, 89
Chloramphenicol, 177 £.

, 551
and hypocalcemic tetany, 86
Chymotrypsin, 436
Circulation
see also Blood flow
care of, 261
and muscle relaxants, 268
and transfusions, 136-139
collateral
after arterial occlusion, 582
i eatra- and intrahepatic obstruc-
tion, 430
1 hemorrhage and shock, 118-139
and body position, 128 £,
Cirthosis
alcoholic, 238
and ascites, 419
baliary, 406 B
congestive splenomegaly with, 455
of hiver, 430, 460
and peptic ulcer, 324
portal, 238, 460
Claudicahon, intermuttent, 583 f.
Claviela fractures 674 £,

and staphylococci, 145
mechamsm, 132
time, 133

Cocardiosis, 166



Codeine, 250
Cold injury, 31, 83
Colectomy, 93
Colic
and acute nlxlumm, 473,475
biliary, 399
in first w uLs o[ hfc. 163
renal, 339, 4
ureteral, 30‘)
Colitis
and cancer, 204, 161
ulceratine, 204, '373-375
angrenous, 160 f.
osses of protein in, 107
Collagen, and healing, 30, 60
in thermal burns, 194
Colles’ fracture, 618, 619, 643
Colon, 363-378
adenomatous poly ps of, 389
anastomosis to anus, 521
carcinoma, see Cancer, colnn
decompression methods, 3
differences between left ;\nd n],ht. 364
imgation, postoperative, 286
pigmentosum, 203
polyposis of, 203, 371
sigmoid, 377
and abdominal inflammation, 474
8lostomy 215, 364

“and Vitamm [

Consciousness: state of, 63!
orthostatic fnmlmg 81 f 128

Constipation, 342, 4
Convalescence, 63-66

and nutntion, 107, 118

calone and nitrogen intake, 187

concept, 57
Convulsive seizure, 85, 671

control, 99, 151 £, 274

post-traumatic epileptiform, 673
Cooling, m ?:mgrene control, $1-42,

595

Coombs test, 455

Cooper’s hgament repair, 493
Coramine®, 130

Cordotomy, 215

Camcmd-adrcnerglc phase of convales-

64
Corticod-withdrawal phase of convales-
cence, 6

Corticosterone, metabolic effects, 62 f.
Cortisone, 460

after thyroidectomy, 552

and gastric secretion, 319

for hemoly tic jaundice, 458

INDEX 697

for idiopathic thrombocytopenic pus-
pur., 459
for sxmlm skkmst 138
in hreast cancer, 578
in shock,
Craniocercheal trauma, see Head, in-
Juries
Cranium, sce Brain
Crctimism, 512
Cnile, George, 27
Cryplll(s. 385-388
Cryptorchism, 492
Cubitus valgus, 644
Curare, 152, 268
Curie, Marie and Pierre, 21
leunyx. Hanvey, 24,27
Cyanosis
and arteriosclerosis, 584
and extracellular fluid, 87
and fat embolism, 633
in tracheo-esophageal fistula, 313
Cyclopropane, 253, 266, 275

)nbdounnal pscudo, 443

“blue domc_
branchiogenic, 533-:;37
breast, 564

sehaceous, 574

cancerphobia, 585
congemital bone, 639
denugemus, 527 f.

ovaran, 359, 463, 477

pancreas, 440 445

pilonidal, 390

scbaceous, 221, 574

leen, 4

gymglossal duct, 535 ff.
Cystitis, postoperative, 297
Cystosarcoma phyllodes, 566

D

Dandy, Walter, 27
Decamethonum, 268
Dehydration
and flwid, electrolyte balance disturb-
ances, 78-83
illustrative cases for student, 92.99
and malnutrition, 10§
and wound hea].mg, 32
fever due to, 59
in head-injured patient, 670
operation for, 243
shock due to, 119, 127
Delitum tremens, 238
Demerol®, 249 £., 236, 399, 631
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Dermatitis
and thiourac! drugs, 548
stasts, 60!
Dermoid cyst, 526
Desoxycorticosterone, 62

INDEX

Deatran, 139
Dextr- Maltnse” IIS
Dextrose, 113, 258, 552

Drabetes’ mv.lhtus
and appendiaitis, 358
and nrtcnosclcmsxs, 581-584
and obesity, 134, 2
as surgical risk, 235-237
and fhud balance, 89
infection in, 141
Drarthea, 467
acidoss due to, 97 f.
after thyroidectomy, 551
and dehydration, 78
and tube feedings, 114
chumaml’, 292, 427
et
and cancer, 204
and hver function, 429
jaundice diagnosss, 414
diabetie, 235 f.
for convalescent phases, 64-66
for nutrtional pmb]ems, 110-118

104

Dilatation

after head mjunes, 655 f.

gastrie, 278, 283

m plasma cell masttis, 567
Dilaudid?, 25
Dxplomccus Pncumomac 142
Duuresis

and dehydration, 91

in convalescence, 63 ff.

in postoperative period, 59

m stress, 6!

m thermal burn, 185 186

potassium, 62-84, 8:
Duerticulitss

colon, 377 f

sigmoid, 4

diagnosis, 358 378 473, 480

Mechel's, 517

rupture, 306
Dnemculum esophagus, 313, 314
Doryl

m!m?cnmncal, 308
lymphatie
ot brc-nst 559 ff.
of neck, 534-537
of stomach, 332
of tongue, 531
of eaudates, 41-43
‘enous, pattern, 559
Dramamine®, 251
Drugs
see_also speaific drugs
and shock, 136-13
xdxcsyncmsy, 119
preancsthetic, depressant, 253, 2857
D-tubocuranine, 268
Duacts

“Dumping syndrome”, 328
Duodenum
see also Biliary tract; Midalhmentary
canal, Pancreas, Stomach
acute conditions, 474
physical examination, 468
anatomy, 338
relationships, 395 f.
atretic, 517
diseases of, 317, 337
di erticuli, and postcholecystectomy
symptoms, 408
drainage, 420
malrotation, 521 ff.
tears, 474
cecal region, 504 f.
Dyskinesia
and pos(t)cslmlccystcctomy symptoms,
4
b]liaxy, 399
Dyspne:
after fracnue 633
after. thyrmdeuomy, 551
and hypopotassemia, 8:
in trachco-esophageal ﬁstula 313

E

Ecchymoses, 657
Echinococcus, 454
Edema

after mjuries

head, 656

and healing, 32, 44
and protein epletion, 105
and vemn occluswn, 673
angioneurotic, 1
cerebral, 138, 650f 658
n breast cancer, 573



in Iymphatic discase, 610 (f.
in postphlebitic syndrume, 610
in pulmonary astery, 138
and fluid infusion, 91
diagnosis, 56
treatment, 249
in thermal bums, 182, 185 f.
pancreatic, 410
peripheral, 56
steast, 614
how
fractures, 641
dch)cd ulnar pabsy, 641
Electrolyt,
and Kmd balance, 63-100
and hidney function, -91
duisturbance, 83, 211,
rcsmralmn 8! 110, 2 I7, 2914
in healing, 3
epletion
m dch)dmlxon, 80-81
and perspiration, 74 £
operation for, 243
m shock, 124, 127

Embolism

fat, in fractures, 633

mesen(cnc artery
and ntestinal obstruction, 344
pain, 466

penpheral arterial, 581, 585-587

pulmonary, 291

and lar clot-

INDEX 699
breast
cancer from, 508
changes in female, 301
sMuasnous
in branchiogenic cysts, 537
wannd healing, 4648, 116
Epulis, 520 f.
Ergotamine tartrate, 583
Enysipclas, 159
Enyipeloid, of hand, 162
Ery throcytosis, and splun removal, 432
Erythromycin, 177 {.
Eschenichia coli, 142-143, 174
Esophagoscopy, 314 f.
Esophagus, 311-315
atresia, 312
compression of, 543
tnflammation, 314
in splenomegaly, 455
perforation, 92
rupture, 460
tumor of, 3“
varices, 460 f., -
Estrogen
for cancer, 219
of breast, 204, 577
roductio: nhlbmon, 576
EIF her, 22, 25
Ethyl chlondc, 266
Ethylene, 26
Evipal® sodmm, 268
Exercise
Buerger-Allen, 583, 591
postoperative, 248
m muscle atrophy pres ention, 643
preoperative, 247 fy
Exonhthal .

intr.
ting, 150
postoperative, 278
systemic response to, 56
Emphysema
medastinal, 677, 686
subchmeous, 877, 686

Epdural hemonhage syndmme, 661 f.
Epinephrine, 135, 137, 583
and cardiac dxsturbances, a5
release after stress, 61
Epiphysis, separation or fmc(ure, 616
Epistaxis, hemorrhage, 65
Epithelium

551
Eatremity
fractures, sce Fractures
infections, 42-13
vascular diseases, 581-612
Exudates
and healing of wound, 43
and stage of mfectmn, 146
fibrinopurulent, 144
hemorrhagic, 144
in surgreal infections, 141
pyrexin, 146
intrapentoneal, and abdomunal inflam-
mation, 474
purulent, 144
serous, 144
smear tests, 143 ff,, 153 ff , 171

F
Face

wfections in “dangerous area,” 42
injuries to, 525 §,
bone, 857 f,
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Dermatitis
and thiouracil drugs, 548
stasis,
Dermoid cyst, 5268
Desoxycorticosterone, 62
Dextran, L
Dentri-Maltose®, 113
Deatrose, 113, 258, 552
Diabetes mellitus
and appendicitis, 358
and uxtenosclcmsu, 581—584
and obesity, 134, 2
as surglcal nsk, 235- ..37
and fuid balance, 89
mfccuon m, 141
Diarthea, 467
acdosts due to, 97 f.
after thyraidectomy, 551
and dehydration, 78
and tube fccdmgs, 114
Dicumarol®, 292, 427
Diet
and cancer, 204
and hver function, 429
jaundice dlagncsls, 414
diabetic, 235 f,
for conyalescent phases, 64-68
(or nutrmonal pmblems, 110.116

Dalatation

after head injuries, 655 £

gastnie, 278, 283

1 plasma cell mastitis, 567
Dilaudid®, 256
Dxplococcus Pneumoniae, 142
Duuresis

and dehydration, 91

n convalescence, 63 ff.

in postoperatne penod, 59

in stress,

1n thermal burm, 183, 186

potassium, 62-64, 83
Daverticulitis

colon, 377 f

sigmord, 4

diagnosis, 308 378, 473, 480

Meckel's, 517

rupture, 308
D emculum esophagus, 313, 314
Doryl“, 29

intraperitoneal, 308
lymphatic
ot breast, 539 ff,
of neck, 534-537
of s(omnch 332
of tongue, 531
of eaudates, 41-43
‘cnous, pattern, 559
Dramamine?®, 251
Drugs
sce also specific drugs
and shock, 130-131
uhosynuasy, 119
preanesthetic, depressant, 253, 257
D-tubocuranine, 268
Durts

papilloma, of breast, 566
“Dumping syndrome”, 328
Duocdenum
see also Biliary tract; Midahmentary
canal; Pancreas, Stomach
acute conditions, 474
physxcnl exammation, 468
anatomy,
rclauanslups 395 f.
atretic, 517
diseases of, 317, 337
diverticuh, and postcholecy stectomy
symptoms, 408
drainage, 420
malrotation, 521 ff.
tears, 474
cecal region, 504 f.
Dyskinesia
and postcholecystectomy symptoms,

408
biliary, 399
Dys nea
alter fracture, 633
after thyroidectomy, 551
and hypopotassemia, 84
in tracheo-esophageal fstula, 313

E

Ecchymoses, 657
Echinocoecus, 454
Edema
after mjuries
chest, 677
]\cad 656
and healing, 32, 44
and protein eplenan, 103
and vein occlusion, 673
angioneurotic, 137
cerebral, 138, 650 £., 638
m breast cancer, 572



compound, 630

sce also Fracture, open
diagnosis, 618 {f.
dislocation, 616

and nerve paralysis, 641 f.
distraction of fragments, 636
epiphyseal separation, 616
facal, 658
fixation, 624, 628 1., 631
fusd and electroly te imbal

ce, 7!

INDEX

Gallbladder
acute conditions, 108, 474
and biliary tract, 391-406
cancer, 403 f,
discase, 400, 164
see also speaific conditions
enlargement, 4
1n pancreatic disorders, 138 f.
c Tupture, 399

greenstick, 816
healing, 51, 616-618
delayed and nonunion, 631-637
tme factors, 617
hematoma, 636
subfascial, 639
immobihization, 43, 31, 634
methods, 627-629, 632 f.
impacted, 616, 624
incomplete, 616
in llea:‘l njuries, 656-658, 672 f
tertrochanteric femoral, 623
into antrum, 837
ischiopubie rami, 643
malar, 625
nasal, 625
oblique, 618
of frontal bones, 636 f.
of Jaw, 525 f,
of pelvis, 642
of skull, 656-659
open, 616, 630 ff.
ossification after, 644
pathologic, 816, 837-839, 636 ff
and hormone therapy, 577
petrotemporal, 657
reduction, 627-629, 640
rib, 676, 650
sumple, 615
spiral, 616
supracondylar of humerus, 641 f.
tracheal, 657
traction, 627 f.
transverse, 616
treatment, 621-644
aphorisms, 644
emergency, 622 {., 631
infected, 632 f.
imtial, 631
apen, 630 £

Volkmann's ischemic contracture, 840

Frazer, C. H,, 27

Fredet-Ramstedt pyloromy ot 517
Frei tost, 166 OO
Furacin®, 174

Furuncle, 142,147, 158, 173

G
Galactose, tolerance, 420, 425

and intestinal obstruction, 343
Gangrene

amebie infections, 162
amputation, 393 £.
and artenosclerosis, 384 f.
and collateral cxrcuinhnn, 583
cooling 1n, 4142, 393 f.
diabetic, treatment, 595 fI.
fusospirochetal, 161
gas, 152.154

clostridia, 152 ff.

treatment, 153 1., 173, 177
in acute abdomen, 473
in atherosclerosis, 583
in Raynaud’s disease, 590
necrosis and tension, 352 f.
of gallbladder, 399
postoperative synergstic, 143, 160
streptococcal, 1

Gantnsin®, 175

Gas
abdominal, 473
dlslex:u'on due to, 306

283 ff.

as sign of tleus, 285

gangrene, sce Gangrene, gas

subdiaphragmatic, 472
Gastrectomy, 327-329

for cancer, 333-334

Polya’s operation, 327

astrius

chronic, and peptic ulcer, 323

luetrc, 164
Gastroduodenostomy, 326
Gastroentents, 114,338 ., 475
Gastromtestinal tract

see also Ahmentary canal

activ:t?, in malnutrition, 108

after thermal burns, 187

anatomy, 142

ecompression technics, 347
suction, 242, 346 f,
diseases of, 308, 463
. see Lals‘a speaific condition:

S
b o g e cond
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> 59,

Dostgastrectomy syndrome, 328 £
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Face (cont )}
lacerations, 40, 656
marhs of v10lence, 638-658
wound care, 46
Fantus test, 77
Fat
and necrosts, 566
and nutrtional balance, 103-116
stores, 63, 103, 108
distribution, and breast nodulanty,
363 f.

INDEX

embolism, after fracture, 633
Fat-gain phase of conyalescence, 64-66
Feces, sce Stoal

ever

and abdommal pain diagnoss, 479

and fat embolism, nfter fracture, 633

and thiouraal dmgs 548

and water mtakc 73-74

<at-scratch, 1

dehydration dm, to, 59

1n bram-njured patient, 667 f.

of thermal burn, 185 f.

Fibnin

for protein anabolism, 114

1 hemorrhage, 131-135

m wound healing, 60

Ilymphatic block y, 145

1bnnogen

formation of brin from, 132

1 hemorrhage control, 133

in neurosurgery, 24
4 neurosurgery 1 Ik
Y

and protetn depletion, 1047
Fat

cells, in necrosis, 566

traumatic necrosis, 566
Fibrosarcoma

of shoulder, 210

of thyroid, 553
Fibrosis, interstihal, 564
Furst ais

for fractures, 622 f.

1 head inyuries, 664
Fistula

anal, 384-387

artenovenous, 581, 587, 589 €,

bliary, 78

bowel, 349

cholecystoentenc, 399

testinal, 78

pancreatic, 78

rectovaginal, 519

rectovesical, 319

symptoms, 384

tmcheoesophageal 3121.,463

Fitz, Reginald, 268
Flaxedil®, 268
Flud
and clectrolyte I)al:mcc. sec Electro-
Iyte, and fluid balance
and mfammation, 144
and shock, 127, 129
anion pnncxple, 7L
cerebrospinal, 852-634, 638
chemistry of, 71-73
collections, 1n acute abdomen, 473
depletion, 78-79
and perspiration, 74 £,
edema resorption, 185
extracellular
and itracellular, 69, 71
anion mnccnlmhon, 87
shiits, 9.
and xsotomc dchydration, 78-79
excessive, 86
in thermal burns, 185 f.
tonicity, 88
intahe, 115, 152
intersitial, 72
intestinal, 16
intracellular, 69, 87, gl
osmotic pressure,
parenteral therapy, 96, "43 296 f,, 308
hazards due to, 83, 91-92
pH, 87
pressure responses m head injuries,
852-654, 638, 662
reflux, in tmchco-csophagenl Astula,

spnal, 240
Follicle
giant, 539
ovarian, rupture of, 359
thyroid,
Foot-drop, ..6
Forearm, Colles” fracture, 619, 643
Foreign bod
in acute agdomcn, 473
in injunes, 30, 65
mw ounds, , 44, 46
Fowler’s position, 309
Fractures, 814-645
basilar, 657
birth, 616
cervical, 637
of spine, 658
classification, 615 f.
closed, 615
Colles’, 819
cast for, 643
communuted, 616
complete, 616
complicated, 6186, 639 ff.

complications of, 633-637



unmary exeretion, after transfusion,
13!

Hemophulus influenzae, 142
Hemopncumothorax, {60
ilemorrhage, 131-139
abdomina
retroperitoneal, 473
splenic .
from lacerations, 435 £
subcapsular, 473
and shock, 119-139
as complication
i fractures, 633
in mouth cancer, 532
postoperatine, 519 £
control methods, 23-25, 138
epidural, 651, 638, 673
epitaas, 657
from csophageal varices, 432, 160
from peptic ulcer, 323 f.
from vancosities, 610
gastrointestinal, 324, 168, 473, 517
emergency operations in, 244
hemorrhoid, 387
hemostatic mechanisms, 131
in cancer diagnosss, 205
1 enlargement or displacement of
organs, 473
in head injuries, 657
in cerebral concussion, 653
interstitial, 658
mtracerebral, 658
intracrantal, 250
intraluminal pressure in, 131
wmtraocular, 657
mtrapulmonary, 677
intraventricular, 658
in tubal pregnancy, 359
in wound healing, 46
stage, 30
meningeal, 858
middle ear, 657
onficial, 857, 668
pephic ulcer, 323-325
petechial, 650
pharyngeal, 657
retmal, 657
retropharyngeal, 657
subdural, 658, 673
d prothrombim deter

for, 497

Hemorrhaids, 386-387

and portal hypertension, 432
Hemostasis, 23-25, 46, 128
Hemothorax, 129, 677, 684
Hepann, 291 f,
Hepatitis

and acute abdomen, 475

viral, 41.
Heredity, and cancer, 203, 561, 567

INDEX 703
Herunla
abdominal, 481-501
and peritonitis, 310
complications of, 488
congenital, 481, -198 £, 501
diaphragmatic, 463, 481, 501 1.
cpigastric, 484, 499 I,
femoral, 481, 491 £,, 496, 498
hiatal, of stomach, 406
incarcerated, 491 I,
inguinal, 481f., 489191, 498
indirect, 484, 487
“pantaloon” type, 492
reparr and treatment, 231, 492491

o
H I
Hormone
see also specific hormones
androgenic
anabolic effect of, 63
and thyroid
block, 204
stimulating, 542
antidwretic, 77
and pulmonary congestion, 86
defense mechanism response to inyury,

t, sce Tr

82-63
role in cancer, 204, 577
themsy
and clitoris enlargement, 577
1n breast cancer, 577
m shock, 130
side effects, 577
Horsley, Sir Vactor, 27
Humerus, 624, 641 f.
Hunlelr, ]oI]}n, 20
e cell cancer, of thyraid, 55

Hydrocele yrod, 553
dufferential diagnosis, 492
of spermatic cord, 487 f.
of tunica vaginalis testrs, 487
Hydrogen 1on concentration, 83
Hydrops, of gallbladder, 399
Hygroma, cystic, 535 £.,538,540
Hyperemia

stage of wound healing, 30, 41

symptoms and signs okg, 146
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Gastrointestinal tract (cont.)
electroly te and fluid balance, 76 ff.
functions, 59, 2!
gastne dlln(a(mn, 284
syphilis, 16

Castrojelunoslomy 326 ff.
for cancer, 215

INDEX

Gastrostomy, 111, 447
Gaucher's |scasc, 454
Gelatin

for b\ood volume depletion, 139
! ' T 135

Glucose
and nutnitional requirements, 90, 113,

in electrolyte and fluid balance, 77,

mn thermal i injury, 190 f.
Gly cogen, hepatic stores, 105
Glycolysis, anacrobre, 145
Glycosuna, 471
and insulin, 62, 235
Gouter
and thyroid gland, 542 547
diffuse non-taxic,
n classification of neck masses, 536
mtrathoracie, 538
hn ual, 536
gnant, 204
scc also Cancer, thyroid
nodular, 536, 538, 545 547
toaic, 516
and thyroid function, 542
radioiodine for, 548, 552
treatment, 547-552
Grafts, see Transplantation
Granulation tissue
and enzyme disruption, 637
and wound healing, 29-31
symptoms and signs of, 146

H

Hand
abscess, 156
erysipeloid of, 162
fractures, 628
and muscle Iaccmnon 630
mfection, 154-159, 173
see also spemﬁc conditions
position of function,
sensory innervation, 621
dqennalbums 196 4.
v

640 f
Hand-Schuller-Christian’s disease, 454

Halsted-Meyer operation, 576
Halsted, n\&l}lmm Stewart, 22 ff,, 25 f.,

Harelip, 525
Haryey, Walliam, 20
Hashimoto's struma, 543
Tea
see also Bran; Face
and neck, 525-540

,661-
[
lesions, 660 f.
surgical, 872 f,
lumbar puncture, 669 f.
management, 662-674
flow chart, 663
wound care, 468
orienting principles, 650 ff.
Quechenstedt test in, 654
signs and symptoms, 636,661
“State of Consciousness,” 659
optmal position, 263
tetanus mnvolvement in, 151
Healing, see Wound, healing
o P
and hyperpotassemia,
and hypopolasscmm, 84
and pulmonary edema, 86
and shock, 119, 122, 134
arrest, sec Cardiac arrest
contusion, 687
function, 124

Heart failure
and arteriovenous fistula, 589
and dehydration, 82
and emergency operation, 234
and fAuid mfusion, 91
and hy popotassemia, 84
and pulmonary congestion, 86
associated wath peptic ulcer, 324
intermittent flushing of sk with,

350
treatment for, 89
Hemangioma, 22
Hematocnt, 80, 87 110, 123, 135
Hematoma
and healing, 32
fracture, 636

deficiency, 108, 110 £., 135



urixury‘ggmlion, after  tramsfusion,

Hemophilus influenzac, 142
Hemopneumothorax, §
Hemomhage, 131-139
abdominal
retropentoneal, 473
spleme
from lacerations, 455 f.
subcapsular, 473
and sheck, 119-139
as complication
in fractures, 633
in mouth cancer, 532
postoperative, 519 1,
control methods, 23-25, 136
epidura), 651, 658, 673
cpitaxis, G5
from esophageal varices, 432, 460
from peptic ulcer, 323 f.
from varicosities, 810
gastrointestinal, 324, 468, 475, 517
emergency operations in, 244
hemorrthoid, 387
hemostatic mechanisms, 131
in cancer diagnosis, 2053
m enlargement_or displacement of
) organs, 473
inhead mjuries, 657
. in cercbral concussion, 653
interstatial, 658
wiracerebral, 638
Intracranial, 250
mtraluminal pressure 1n, 131
wtraoenlar, 637
intrapulmonary, 677
intraventncular, 638
m tubal pregnancy, 359
tn wound healing, 46
stage, 30
menmgeal, 658
muddle ear, 657
onficial, 657, 668
Peptie uleer, 323.325
petechial, 650
pharyngeal, 657
rehnal, 657

o427 7

Hemonhoids, 386-387

and portal hypertension, 432
Hemustasls, 23-35, 46, 128

emothorax, 129, 677,684

epann, 29] f,
Hepfgius

and acute ab:

et abdomen, 475

Heredity, and cancer, 203, 561, 367

Homomralt,
]

INDEX 703

Hermnia

abdominal, {81501
awd peritonitis, 310
complications of, 488
congenital, 481, 198 {,, 501
diaphragmatic, 463, 481, 501 f.
cpigastne, 484, 499 ff,
femoral, 481, 191 £, 496, 198
Liatal, of stomach, 406
incarcerated, 491 f,
inguinal, 484 £, 489101, 198
indirect, 484, 487
“pantaloon” ty pe, 492
sepair and treatinent, 231, 192-491

see iantation

Hormone

see also specific hormones
androgenic

anabolic effect of, 63
and thyroi

block, 20

stimulating, 542

-antidretic, 77

and pulinonary congestion, 86
defense mechanism response to injury,

62-63
role in cancer, 204, 577

therapy
an&) clitoris enlargement, 577
in breast cancer,
in shock, 130
side effects, 577

Horsley, Sir Victor, 27
Humerus, 624, 641 £

Hunter, John, 20

Hurthle cell cancer, of thyroid, 553
Hydrocele

differential diagnosis, 192
of spermatic cord, 487 £
of tunica vaginalis testis, 487

Hydrogen 10n concentration, 85
Hydrops, of gallbladder, 389
Hygroma, cystie, 535 £, 538, 540
Hyperemia

stage of wound healing, 30, 41
symptoms and signs of, 146
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Hypercapnia, 652
Hypercarbia, 249
Hypcrflycemm, 62
Hjyperkalenna, 84-85
Hyperkeratosis, 531
Hyperparathyroidism, 638
Hyperplasia, 542, 564
Hj perpotassemia, 84-83
Hyperpyrea, 185 f.
Nypersplenism, 431, 433, 460
Hy pertension

and obesity, 234

artenal, 654

postoperatis e, in diabetic, 237
shock due to, 11

and dchydration, 82, 88

and hemorrhage, 133, 135

and shock, 121, 126

and spinal analgesia, 270 .

postural, 59, 88

vasopressor drug for, 274
Hypothalamus, and stress, 81, 543
Hypothermua, see Cooling
Hy pothyrordism, 545

and postoperabn e sedation, 249 f,

I

leits, regional, 348-350, 478
and malnutntion, 108
differential diagnasts, 349, 358, 475
treatment, 349, 359

lcostomy, 78, 95
for ulcerative cobtis, 375 f.

Heum, 338
termunal, 354

Ileus
and hypopotassemia, 84
inhibition, 82, 284 f., 344
meconium, 463

paralytic, 309, 344
postoperative, 250, 284 ff,
Immumty,
Immunization, 151, 8321,
Inusion
care and healing of wounds, 29-54
placement and size,
reparation, and sutures for, 33-36
Inftant
abdominal conditions of, 512-524
. ital Lies, see A T

congemtal
L{s(ic hygroma in, 535, 340
3 cnuali'tlz(:) and fluid balance, 85, 89,

and water turnover, 74
hermas, 490, 493 1., 499
intestinal obstructions in, 343
malrotation of midgut, with midgut
vohvulus, 521 ff,
therapy for, 89, 90-92
Infarction, lung, 291
Infection
abdominal, 474
and antibiotic therapy, 170-173
and biliary tract
Sressuxe-regulnu'ng function, 399
and ntestinal obstruction, 344
and shock, postoperative, 127
and sinus thrombosis, 526
and wound healing, 32-35, 38, 42,
44, 59, 148
appendical, 352 ff.
differential diagnosis, 358
breast, 567
dental, 42, 526
dramage of, 41
gas, 668
1n breast cancer, 572, 574
in cenvical lymphadenitis, 538
in fractures, 632, 637
in ureversible shock, 122
injury due to, 56
1n pentomtis, 310
losses of protemn m, 107

prlomidal cysts complicated by, 390
postoperative, wound-healing comph-
cations, 27,
surgical, 141-179
see also specific conditions
and loeal fixation, 145
antiscptic agents, 167
clostndial, 142
diplococcl, 142
enterococci, 142
erysipelas, 159 f.



fascial space, 157 6,

fusospirochetat, 161

hunan-bite wounds, 159, 631

mflammatory, septic and sterile,
143 1.

lymphangtis, 159
mdpalmar, 1
mired, 142143
monomicrobic, 111
of animal transmission, 162
polymicrobic, 141, 14
streptocoedi, 142, 116, 538
sf“ncrglslic, 160 f.
thermal burns, 195-199
tuberculosis involvement, 162 ff.
systemic toxicity from, 42
yeast and fungus, 164 ff.
unnary tract, 278, 297 f., 473
Inflammation
after injury, 30 .
and biliary tract pressure-regulating
function, 399
condutions due to, 475
in cancer diagnosis, 203
of breast, 572
in wound healing, 60
of abdomen, 474
of Iymph nodes, 538
responscs
to sutures, 36
systemic, 144
septic and stenle, 143 ff.
Injury
sec also under specific organ
classification of wounds due to, 33
crush,
due to surgery, 56-64
see also \Vounds
cardiac arrest after, 275
nerve vulnerability, 261
sequential phases of convalescence

after, 64
shock tendencies after, 127
systemic response to, 55-66
see also Stress
Insufficiency
latory, fracture
Iymphatic, 610
vascular, 582, 584, 600
fracture complication, 641
Insulin
and hypoglycemia, 448
and shock, 119
diabetes, postoperative, 236
for diabetic, preoperative, 233 f,
Intestine, 487
acute conditions, 468
distention, 399
flmds, electrolytes, 76
healing of epithelium, 47

lication, 640

INDEX 703
malrotation of mudgut, with midgut
volvalus, 521-524
obstruction, 338-347, 477, 517 {.
and acute abdomen, 475
causes of, 343
dilferential diagnosis, 342, 358
n peritonstis, 309
strangulation of, 468, 471
occlusion of lumen, 343
wall layers of, 336
Intussusception
abdominal, 483, 472

postoperative, 532
preoperative, 347
radioactive, 545, 548, 556 f.
Imtability, neuromuscular, and hypocal-
cemia tetany, 86
Ischemia
and Volkmann's contractures, 640 .
cerebral, 652
cytologic effects, 650
in arterial disease, 582
in wound healing, 44
and blood supply, 33
Isograft, se¢ Transplantation
Isoniazid, 1

Jaundrce, 413-423
after transfusion, 138
and ascites, 419
ccmgem.;gl8 hemolytic and gallstones,

5
diagnoss, 414419
hemolytic, 413 £.
hepatocellular, 413 f,, 417
homologous serum, 138
icterus index, 420 ff,
m children, 518
in pancreatic disease, 437 f,
obstructine
and chlorpromazine, 414
and common duct stones, 404
and duodenal papilla distortion, 446
and pancreatic cancer, 438
téon tions due to, 413 £,
oun oisier’s i
Jaw, Soune r's rule in 418
5§ Tesection, f?r 1ip cancer, 530
ejunostomy, for
omosto 3%6 artificial feeding, 111
oint
bleeding o, 133
?gﬁ_umgatm:f dls;?_ase, 164
ening, after fr: 2.
Jones, Robert, o7 | 1 624
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K
Kelly, Howard, 27
Keratosts, 227
Ketone body, 88
Ketonuria, 471
Ketosis
and carbohy drnlc intake, 105
operation for, 243
preoperative, 236
Kidne
aad excretson, 72
diseases, 69, 237
function, 237
and hyperpotassemia, 85
and hy popotassemia, 84
and \\ aler mlakc requirements, 75-

m post cmm ¢ phase, 127
1nj zf) thermal burns, 187 £,
nsuf ucncy
and elective surgery, 237
postoperatnve, 278, 294
regulation
of bicarbonate, 73
of salt and water balance, 77
rupture, 643
and acute abdomen, 475
sodium resorption 1n, 77
\'asoconslnchon, in shock, 121
Koch, Robert, 21,22
}\ocher, Enul Theodor, 24, 26
Kondoleon’s operation, 612

L

Lacerations
and hemorrhage, 657
contanunated, 40
m classification of wounds, 33
n craniocerebral trauma, 656
direct and contrecoup, 658
of lver, 505
of mnguc, 525
Lactation, and breast abscess, 567
Laennec’s curhosis, 431
Laminectomy, 642
Lane, Arbuthnot, 27
anammmy emergency, 351
r} gospasm
ter thyroidectomy, 551
and Pentothal®, 269
control, 264 f.
pmphylactlc treatment, 262

and Ahlroy’s disease, 610
fracture, 624
delayed umon, 634 f.
edema, posteast, 644
granulomatous lestons of, 166
1schemic contractures, 641

phlebothrombosis, 290

varcose veins, sce Varicose vemns
Lenche's s)'ndmmc, 383, 594
Letterer-Siwe's disease, 433
Lcuh.mn, fmm Jymphoma malgnancy,

LcuLocxdm, 146

Leukocytes
1 differential diagnosis, 87, 480
pol)moﬁphonuclear, response of to 1n-

ammation, 145 f.

Leulocy tosis
and abdonunal pain, 479
and spleen removal, 452
pol)morphonuclenr 471

Leukopema

mmi)rs,' 227 f,
Leulotaxine, and capillary permeability,

Levo-Dromoran®, 256

1P
cancer of, 528, 530 .
cleft, 525
mjuries, 523
Lipase, 436
Lipoma, 225
of breast, 574
of neck, 536
Luster, ]oseph, 20fF, 24
on antiseptics, 20
Luver, 408433
acute conditions, 468
abdominal, 475
and blood coagulation, 132
and peptic ulcer, 324
aﬂ)l)]l} drate stores, 103

enlarrement. 418

and shock, posmpenm e, 127
m jaundice, 4 21
1 pancreatic disease, 439, 442
1 splenic disease, 433
schema of, 410

in fat mc!abohsm, 106

1n gallbladder disease, 400

1n pulmonary edema,

1n thermal burns, 187 £

lacerated, 503

metabolism, 410 ff

regulation of blood sugar, 411



ruptured, 503, 643
Lobe, pulpification, 658, 673
Lobotomy, for cancer, 215
Long, Crawford, 22
Low salt syndrome, 79, 81
Ludwig’s angina, 41
b s, 173
abscess, 17 N
and chest wall injuries, 676 f., 687
burns, 185 f.
collapse, 675,680
see also Atelectasis
congestion, 86

traumatic wet, 677, 685
tuberculosis, 182
ventilatory capacity, 675 f.
Lymph nodes
anatomy, 532 ff., 559 {.
and peptic ulcers, 318
anillary, 560, 574
and surgwal rates in breast cancer,
57

3
cervical, metastatic disease in, 531, 539
dissection, 224
for thyroid cancer, 553
mflammatory,
in Hodgkin’s disease, 540
of mesentery, 348
of rectum, 380
regional, 224
submaxillary, 531
submental, 531
tuberculous, 539
tumors, 227
Lymphadenitis
and appendicitis, 478, 514
and peripheral vascular disease, 582
cervical, 536, 538
differential diagnoss, 498
mesentenc, 475, 478, 514
tuberculoss, 163
Lymphangitis
and peripheral vascular discase, 582
antibiotic therapy, 149, 172
etiology, 142, 149
hand, 159
nonoperative treatment for, 42
Lymphatics
and cancer, 202, 529, 531, 570
cervical, anatomy, 534-536
disease, 582, 610.612
n Milroy's disease, 610

INDEX 707

1 wound healing, 30 3 .

obstruction, in streptococeal infection,
148

of abdomen, 560

of anus, 382

of breast, 559 f.

of neck, 5

of rectum, 380, 382

of rectus sheath, 560

of sigmondal area, 382

of stomach, 332

of tongue, 331§,
Lymphedema, 582

obstructive, 582, 611 £.
Lymphoma

of neck, 536, 538

malignant, 539 f,

of small bowel, 350

Lyniphopathia vencreum, 166 -

M

McBumey, Charles, 26
Malignancy, see Cancer
Malnutntion, 107-112
alcoholie, 238
and stomach obstruction, 198
. N .

radical
preoperatisvc care, 575 .
survival rates, 578
satellite nodules after, 572
Mastitis, cystic, 561
Maydl's bernia, 485
Mayo, Charles and Whil, 27
Mecholyl®, 583
Mechel's diverticulitis, 336 ff.
in cluldren, 517
Medicine, and history of surgery, 19-27

Tamanadon

Menupausséésand breast symptoms, 561,

Mependine, 256
Metabolism
anabolic effect of hormones an, 577
and cortrsone therapy, 578
and malnutnition, 108
basal rate
and depressant drug dosage, 257
and thyroid function, 545
in shock, 123
fat, and carbohy drate intake, 105
glucose, inliver disease, 425
1n fat-gam phase, of convalescence, 66
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Metabolism (cont.)
Iipad, 397
liver, 410 ff.
postoperative, 59
requirements for, 96
responses to injury, 61 f.
Methadone, 256
Micrococcus pyogenes, 142
Milroy’s discase, 610
Nlmcfsduncrz, 478
Mole, 222 f,
Monroe-Kelhe doctrine, 652
Morphine, 271
after thyroidectonyy, 552
for pulmonary embolism, 291
in fractures, 623
1n penitonitis, 309
1mn shock, 130
postoperative, 249 f,
preanesthetic, 256, 271
Morton, Wilham T. G, 22
Mouth
cancer of, 532
metastases from, 529 f,
congenital anomahes of, 525 ff.
dryness, 50, 85
hy giene 1n unconscious patients, 670 f.
tumor of, 535
Moymihan, Berheley, 27
Mucosa, mtestinal wall, 76, 336
Muscle
and anesthesia, 260
atomic, 79
disruption 1n fractures, 642-641
healing, 4
m atheroscleross, 585
n hypopotassemia, 84 ff
of lower bowel, 381
of pyloric sphincter, 516
puﬁ, and fractures, 815
regeneration, 47
and grade of injury, 49
relaxants, 21
for parenteral therapy, 258
spinal analgesia, 270

INDEX

postoperative, 249 £,
Neek
and head, 523-540
bone injury in, 657 f.
disscction
for Iip cancer, 530
for thyroid cancer, 555
lymphangioma, 227
marhs of violence, 636
masses 1n, 532-339
representative, 535
subcutaneous emphysema, 657
tetunus involyement o, 151
Necrosis

Ce ctiamy  omre e ek . o »524
postopcratine, 300
symptoms and signs of, 146
traumatic fat, of breast, 566
Neissena gonorrhocae, 481
Neomycn, 174, 178
Ncoplasm
and rrradiation, 218
healing, 33
Neostigmine, 268, 309
Neosynephnne?, 130 £., 383
Nene
and endocnng responses
to injury, 59 £,
to peptic ulcer, 319
and SY]OCL‘, 119
block
intercostal, 681, 683
regional, 271 .
conduction, in hypopotassemia, 86
function test, 62
impulses
and spinal ana]icsia, 270
neuromuscular blockade, 268
injunes _
after thyroidectomy, 550
axon regeneration, 50
and grade of injury, 49

stnated, defects, 47 facial, 525 B
wasting of, 108 ilichypogastric, 485
Ay ocardium tlioinguinal, 483
duction, in h 86 heral, classification, 49
function, 1in slmci‘, 124 p;lcssuxc_ _r_zsponse, 625
A , 473 pazalysis, 551 3
Ao fracture complication, 641 f.

Myosites
clostndial, 142, 1521, 173
ossihcans, 542

Myredema, and thyroid function, 542

N

Narcotics
for head-injured patients, 668 £.

sympathetic
regeneration of, 50
stimulation after stress, 61
transposition, in delayed ulnar palsy,
644

Neutropenia

idiopathic, 459
primary splenic, 452 .



Niacin, 106, 113
Nicotime acid, 583
\lcm:mn chL s dncmsc, 434

Nose
fractures, 625 f.
subcutaneous emphysema, 657
Nutnhion, 103-143
and defenses to infection, 141
and orthostatic hypotension, 86
and peptic ulcer, 325
and portal hypcr(ensmn 432
and shock, 119
1 head-injured patient, 670
1 postbum treatment, 193 £,
in tetanus treatment, 152
1o thyrord disease, 548
in wound healmng, 32
postoperative, 60
requirements, 241
1n thermal i)ums, 187

¢}

Obesity
and gallbladder disease, 397
and stress of surgery, 233 ff
water intoxication in, 98-100
Obstruction
and imperforate anus, 519 f.
arterial, after fractuxes, 639f.
enrahepahc, and jaundice, 415
m cancer diagnosss, 205
wjury due to, 58
1 tracheo- esophagml fistula, 313
muahegahc,
of bloo supp]y to bowel, 466
oropharyngeal, 263
postoperative, 278, 283
differential diagnosis, 286
pylonc
and peptic ulcer, 335
strangulating
pentonits due to, 308
upper-airway, and restlessness, 250
ureteral, 338 £,
venous, 601 612
after fmctures 639 f.
Ochsner, A. ., 2
Odontoma, 527

O:
O

in shock, 130
postancsthetic, 248
scillometry, 5
steitis, 638

hand, 159
jaw, 526 f.
treatment, 633

8stmporosis. 8639

vary
function infbition, by radiation, 576
ruptured follicle, 35!

and acute abdomcn, 475,478

Oxygen

alter thyraidectomy, 552
artenal, in shock, 123
arculatory ov cr]oad 138
insufficiency of, 2
therapy
for emergency operation, 234
for pulmonary embolism, 201
for reactions to anesthetics, 274
in shock, 129
postoperative, 248
\en(;us, in shock, 123
'pc gelatin
f’ d volume depletion, 139

0\)1e(mc}clme 77§

P

Paget’s disease

of bone, 638
of breast, 569

an

abdominal
and fecal impaction, 251
and g;gm’eas, 437 £, 443 L., 467,

and peptic ulcer 358, 484, 475, 479

anorectal, 3

Aschhein ZondeL test, 480

Bartholin test, 480

differential dmgnosns, 342, 358, 464,
175, 479

from renal and ureteral calculi, 478

gastrointestinal tract ongin, 278,
283, 485

eritonitis, 3

m intestinal obstruction, 341 £, 358
308
mg t, of peptic ulcer, 325
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Paimn (cont.)
of acute mflammations, 463-481
see also speaific conditi

INDEX

Parotid gland, caranoma, 527
Parotitis, 670
ne, 278, 299

of appendicitis, 355 £,
acute, 466, 475, 177, 480
chronie, 360 f.
of colon, 365
of dwerticulitis, 378, 466
of cmotional disturbances, 438
of female pelvie organs, 467
of fallhla der, 400
of hidney s and urcters, 467
of perforated peptic ulcer, 466

visceral, patterns, 306, 463 f , 476 If.

breast, 1n cystic diseases, 561 f.
chest, 680
m arteral disease, 42, 583 {f,
1 fracturcs, 631, 645
resting-liunb, 584
Palate
and cancer, 529 f., 532
cleft, 535
Palsy, sce Paralysis
Pancreas, 435-448
anatomie relationships, 393, 435
and bilary tract, 399
cancer, 423 f,, 438, 445 {I,
cysts of, 445
diseases and disorders, 436-440
duct system, 435 ff.
rupture, 643
Pancreatitis
acute, 440-444
chronie, 444 f.
dificrential diagnosis, 443
of abdenunal pamn, 466, 475, 478 f.
of postcholecystectomy, 406
from appendicitis, 35!
treatment, 359, 438, 443 f
Pancreatoduodenectomy, radical, 438
Pancytopenia
1diopathic, 459 f
prmary, 452 f,
Pantopon®, 256
Pantothenic acid, 32
Papavermne, 291, 399, 502
Papillomas, 566
and ecancer, 528, 531
Para-aminosalieylic acid, 163
Paraldehyde, 250
Paralysis
delayed ulnar palsy, 644
muscle, 84
nerve, fracture complication, 641
respiratory,
Paraplegia, after fractures, 622, 625
Paré, Ambrorse, 21, 23 f,
Parenchyma, splemic, 451
Parona’s nfection, 158 f.
Paronychia, 155 f.

Pasteur, Louis, 21 f.
Patient care
see also under specific condstions
1 operating room, 254-276
anesthesia, 254-257, 266-276
parenteral therapy, 258
positions, 258-261
respiration and circulation, 261-265,
e
resuscitation, 243 f,
tmung of operation, 535 £,
in internal hemorrhage, 136
postoperatne
comphcations, 278-300
atelectasis, 278-283
rastrointestinal, 283-266
ficcupy, 278, 308 £,
patotitis, 299
pressure sores, 299 £, 623
thrombocmbolic phenomena,
287-293

unnary, 293-300
immedate, 245-252
management of wounds, 34-54
Steps I Tecos ery,

preoperative
factors influencing, 230-239
for clective operation, 239-242
for emergency cases, 343-2
gathenng data, 85-89
prophylactic antibiotics, 172
wnitten orders, 242 £,

stress, see Stress

surgical i
see also Patient care, in operating

room
conditions and factors influencing,
232-242
for infections, 147-179
principles, 230-253
safeguards, 239, 241 f.
Pelvis
fractures, 642 _
inflammation, 359, 463, 475 _
Pendelluft phenomenon, 676, 683, 683
Penicillin, 174-177
dosage, 176
in gas gangrenc, 153
in tetanus treatment, 151 f
toxicity, 176
Pemalhinase, 174
Pentothal®, 258, 268 ., 272, 274
Peptic ulcer, 317-329
aad gastric juice, 319 »
and acute abdomen, 358, 464, 475, 479
and gastric cancer, 326 £.



and postcholecystectomy sy

hemorrhage, 323-325
intractability, 325 f.
ncuroendocrine factors, 319
obstruction duc to, 323
perforated, 359, 466 f.
m adult male, 464
pentonitis due to, 506
surgical procedures, 326-328 .
comphications requiring, 322-323
Peristalsis, 342, 344
Peritoneum, 302-310
adhesions, 304
anatomy, 302 £, 487
protrusion, 484
resistance to infection, 304
Pentomtis, 304-310, 352
and intestinal obstruction, 344
and peptic ulcer, 322 fI,
bile, 399
classification, 303 f.
complications of, 309 f.
due to,

INDEX 711
Patressin®, 309
Pituitary .
in thy rotonicosis, 511
response to injury, 61
Plasma

139, 258
Yoss, in thenmal bums, 183
lyophilized,
proteins, 110 §.
in hepatocellular disease, 420, 426 f.
in hypovolemia, 1 .
prothrombin, depletion, and vitamin

Pleurisy, 479
chmihs, 475

fuid and clectrolyte imbal
78, 82

s
postoperative, 278
and shock, 127
symptoms and signs, 306, 465
treatment, 307-310
Pethidine, 256
Peutz-Jegher's syndrome, 350
Phagocytosis
and splenic functions, 452
process of, 1
after injury, 30,32, 49 f,
Pharyngitis, 526
harynx
hemoarthage, 637
metastases spread from, 529 f.
Phemeral?, 168
Phischex®, 168
Phlebis, 142, 149 .
Phiebothrombosis
and glucose, 118
clinical picture, 288
differential diagnosts, 150
m {)en(omhs, 310
of leg, 290
‘ancosities, 603
postoperative, 278, 287
postphlebitic syndrome, 291
Phosphate
body fluid c&irtxi]ent, 711,88
in parenteral therapy, 90
Phthaly lsulfatluazo]e?}bs
Physostigmine, 268
Pigmentation
nfeﬁ'us, 2%2 f.
of lips and oral mucous 5
Pirogoff, Nickolai, 21 o e 350

Pncumonia
and acute abdomen, 473, 479
as complication
of fracture, 634
postoperative, 278 i,
in pentonutis, 309
operation contraindications, 359
Ppeumontis
asperation
due to vomiting, 114
in peritonitis, 309
hypostatic, prevention, 663
postoperative, 247, 278 {F.
Preumopentoneum, 472
Preumothorax
tension, 676 f., 684
variety of causes, 8768
and ventilation, 129
Poisoning, and acute abdomen, 475
Poliomyelitts, and pathologic fracture,

“Polya’s operation,” 327
Polymyxin, 174, 178
Polyp, adenomatous, 367
Polyposis
(ﬁﬁuse generalized, 390
P 'imesm]w]’ slod 139
‘olyviny Ipyrrolidone,
Porphyria, and acute abdomen, 338, 475
Position
and maintenance of airway, 961 £,
and neurovascular 1njuries, 260
cardiovascular reactions to, 246
cholecystectomy, 260
for breast examination, 563
hand, of function, 44
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Position (cont.)
ead-down, 262

1n fracture treatment, 625 ff,

for external-internal fixation, 628
in tranmatic injuries, 525

to head, 665
{ackn![c, 259
ateral, 262

INDEX

hidney, 260
hthokomy, 259, 261
Schafer, 665
shock, 197 IF.
sitting, 260
supine horizontal, 258
surgical, 258-262
after operation, 246
Trendelenbusg, 259 (£
Tostcholecystectomy syndrome, 406
Postgastrectomy syndrome, 328
Postoperative care, see Patient care, post-
operative
Pos!phlcbmc syndrome, 582, 609 f.
Potassium
cell content, 71, 83
combining power, 87
concentration, 83 f., 240
wny acardial conduction, 87
m shock, 123
toxication of, 83, 91
excretion, 1 postoperative period, 59,

, 66

reqmrcments 76,90, 118
Pregnancy

and acute abdomen, 475, 480

and breast abscess, 567

and gnllbladdcr discase, 397

ectopic, 463, 4

ruptured, 359 477

risk of operation mn, 238

shock due to, 119
Preoperative care, see Patient care, pre-

operatine

Pnscoline®, 583, 592
Procaine, 272 f. , 275
Prolapse, rectal, 389
Propylthiouracil, 547 f, 558
Prostheses, plastic fabnc 595
TProstigmin®, 288, 2
Protein

see also Nutrition

and acid-basc balance, 72

catabolism, 62

depletion, and antibody deficiency,

h drolysakLs 90 114§,
plasma, 1
m l|cpatocellular discase, 420, 426 f.
in hypovolemia,

requirements

for mitrogen and nutritional bal-
ances, 103-105
and stores, after injury, 63, 111
total, test, 420
Proteus vulgaris, 142
Prothrombin
andvitamin K, 24, 427
conversion, to thrombin, 132
plasma, 42
depletion of, and vitamin K, 106
Pruntis
anal, 388
and )mlndi(c. 415, 418
intractable, 447
Pseudomonas acruginosa, 142-143
Psychological disturbances
and dehydration, 81
and hemorrhage, 133
and pancreatic disease, 438
and stress, see Stress
m head injunes, 438, 660 f
in shock, 126, 128
Pulse, alterations
n artenal disease, 583 ff
1 hemorrhage, 135
m shock, 1221, 125
Purpura, tllrombocy{opcmc. 452F., 459
Pyehtis, 207, 358 £,
Py e]oncphntls, 358
Pyloromyotomy, 517
Pyrogen, 92, 137
Pyrunvic acd, 194

Q

Quechenstedt test, 654
Quenvain’s struma, 543

R

Rabies, 162
Radsation
cancer, 204, 2186 {f.
breast, 576
thyroud, 556
tongue, 531

Radiation syndrome, 128, 218
Radlolhenpy, see Radiation
Ranula, 5

Ih) naud’s dlseasc, 581, 590



diseases, 387391
see absa specific conditions
Respiration, 875
Fcr blood Joss, 133
care of, 201-263 o
for cardiac emergency, 275
cellular deficiency 1, 635
Respiratory system
and muscle relaxants, 268
infection of tract, 237
ventilatory actnitics, 83
Reticulosis, 162
Retinoblastoma, 203
Rhizotomy, 215
Rib, fractu
Riboflay 1, 0(1
Ruchter's hernia, 483, 497
Rickets, 56
Riedel's struma, 543
Roentgen, Wilhelm Konrad von, 21
Rumpel-Leede tourniquet test, 159

B

Salnary glands, 525
Salpmgius, 450 £,
acute, 359
t

depletion, 78-82
and deh ‘I)dmuon. 81, 83
intake, an nutritional balance, 103 ¢,

retmuon and/ ‘or oserload, 32,79
urinary excretion, 77
Sarcoma
development, 204
of breast, 574
of small bowel, 350
reticulum cell, 539
Scalp, 656
s ;)cei also Head
chafer posture, $63 f.
Schimmelbusch, Curt, 23
Schistosomiasis, 460
Schwann cells, 49 f.
chwartzmann reaction, 442
Scopolamine, 256,271 f.
Sedaton
after thyroidectomy, 532

or asthmatic, postoperative care,
o9 7 PP

in head 1njuri
i shacky 130" 5
Sepucemm 172
Septisol®, 168
erum
a]bumm/g obulin ratio, 427
bver function tests, 240, 405, 420,

455, 471
blood substitution with, 138

INDEX 713

flocculation tests, 427

in acute abdomen diagnosis, 471

in pancreatic disease, 139, 442 £,

in postoperative mnlh)rmd tetany,
551

tests ﬁ)r Llu.lnc surgery, 210
sfl'mil sichness,
Sho!
and depletion of etracellular fluid, 91
and hcnmnhanc, 119-1
and hyposia, 129
and ort‘mstahc hypotension, 86
and parenteral fluids, 92
and protein depletion, 101
chronic, 1
and hypotolemia, 108
classification, 119
gelatm for, 139
1 injuries
abdominal, 509
and h)popotuwml'n, 83
chest,
fructure, 633
head, 665
priontics in treatment for, 128
vasopressors for, 1
in splenic rupture, 436 .
in (chnl bums, 184 lSB 189

posnmn, 129~
postoperative, 278
surgical, 124
sy stemic responses to, 133
symptoms and signs of, 126
treatment, 138, 2-
without blood loss, 127
Shoulder dislocations, 641
Simpson, James Young (Sir), 22
Skene test, 480
Skm
and cancer, 204, 572
cellular regeneration, 46
grafting, 52, 196 ff , 224
in artenosclerosis, 584
in breast cancer, 572
in care
and healing of wounds, 29-54
of diabetic patient, 233
in dehydration, 85 .
in fracture classification, 815 f.
1 shock
capllary circulation, 125
temperature, 121
preparation
for surgical incision, 34 £,
for wound treatment, 46
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Skin (cont.)
temperature, 853, 121
test, von Pirquet and Mantous, 162
thermal burns, sce Burns, thermal
u%]ccmtwn of, 164
u

INDEX

and bran damage, 656
hone injury in, 628, 657 £.
Sodtum
bicarbonate
and acrd-base balance, 72
and carbonic acd ratio 1n blood pH,

body Awd content, 71, 77, 87
Postopemtivc, 59
chloride, 77, 82, 87, 90
combining power, 87
duresis, i thermal burns, 156
requirements, 76
rctention, 62 f , 186
“shilt” from extracellular to intracel-
lular space,
Spasm
abdominal muscle
and anal fissure, 384
and thoracic trauma, 687
m appendicitis, 477
m diagnosis, 473
1n pancreatic cancer, 446
n pancreatitis, 442
1 regional ileitis, 348
imoluntary, 356
artertal segmental, 639
carpopedal,
after thyroidectomy, 551
1n tetanus treatment, 151 f,
sympathetic blockade for, 639
vascular

Spme
and cord injuries, 641 §,
and paraplegia, 622
cerviea
fractures and/or dislocations of, 658
traction, 628
m handling traumatic injuries, 625
subarachnoid block, 654
tuberculosis of, 162 {.
Spleen, 450-461
and acute abdomen, 468, 475
and rupture of subcapsular hematoma,

505
conditions, 454-461
see also specific conditions
contraction, and blood loss, 133
enlargement, 418 £., 431, 452 ff,
and rupture, 45
functions of, 451 f.

Splencctomy

§ 315 iy
Staphylococcus infections, 142, 146, 538

in primary hypersplenic syndrome, 453
laboratory studies in diagnosis, 454
Inver function studies, 453

trawmatic rupture, 455138

and 2t

mycloid

for congenital hemoly tic jaundice, 458

{or idiopathic neutropenia, 459

for idiopathic thrombocytopenic pur-
pura, 459

for platelet deficiency, 432

for portal hypertension, 433

for primary hematologic conditions,
452

454 f,

Starling’s hypothesis, 70
Stenosis

St

and biliary tract pressure-regulating
function,
hypertrophic pyloric, 463
congenital, 516
1les, Sir Harold, 26

Stomach, 315-334

see_also Abdomen

and bihary tract, 399
diseases of, 317

cancer of, ?26 f. 214
emptying for surgery, &
epithelium, healing of, 47

Stone

St

abdominal, 358
calichy pain due to, 478
common duct, 403-405
renal and urcteral, 478

00
bile and urobihinogen tests, 420, 423 {f.
blood 1n, 381
1n obstructive jaundice, 415
conduction, left side of colon, 365
mpaction, 871
and intestinal obstruction, 343
postoperative, 278
water loss 1n, 74 £,

Streptococcus

and penicillinase, 174
classification of, 305 f
eaudates, and infections of, 142

Streptodornase, 146,
Streptohinase, 146, 194
Streptomycin, 163, 174, 177



Stress 3
after imury, sce Injuries
and gastric secretion, 319
and pathologic processes in {rauma-
tized braim, G5t .
carbohydrate depletion due to, 105
omotional, 81, 127, 511
1 good surgical risk, 58
in wound treatment, 41
of ancsthesia, 38
of surgery, 57-59, 127
postoperatne, 127, 3251,
responses to, 57-63 .
by hormonal defense mechanism,
o)

in adrenocorticoid phase, 115
in thermal bums, 94, 186
neuroendocrine, 60
renal, 59
Struma, lymphomatosa, 343
SuccnyIchelne, 268
crase, 436
Sulfadhazine, 175
Sulfamylon®, 174
Sulfasunidine®, 175 f.
Sulfathalidine®, 175 f.
Sulfisovazole, 175
Sulfonamides, 174-176
1 head injurnes, 668
Sullowiteh’s test, 551
Sulphate, 7L
extracellular, 88
urgery
ustory, 18-27
technics of modemn development,
25-28
role (:’f anesthesiologist and surgeon,

17
g

233
Surgical care, 230-253
see also Patient care, surgical
postoperative, see Patient care, post-
operative
preoperative, see Patient care, pre-
operative
Surgical conditions, see specific condi-
tions
Suture
absorbable, 35 f.
dehiscence of, 638
for wound clesing, 35, 46
and types of bealing, 31
1 four lay ers of tissue, 40
matenals for, 35 £.
nerve,
nonabsorbable, 38
sk, remaval, 36
tendon, priciples of, 48
tensile stmngtﬁ of, 35 1.
tissue reaction, 36
Sweating

INDEX 715
alter injury, 62 .
fotonie dehydeation due to, 78
Swelling _
of neck, in neoplastic disease, 5331
relicf of paindueto, 11
Swenson's operation, 521
Sywpathectomy, 383, 585 _
Sympathetic nervous system, 270
Syncope
complicated by falt, 657
orthostatic, in dehydration, 82
Syndromes

662
dumpm{:, 328 .
epidural clot syndrome, 631
epidural hemorthage, 661 f.
increased intracranial pressure, 661 £,
Tow salt, 79, 81
Peutz-Jegher's syndrome, 350
postcholecystectomy, 408
postgastrectomy, 328
postphicbitic, 291, 582, 609 f.
prnimary hypersplenie, 453
radiation, 128, 218
traumatic subarachnoid hemorthage,

661, 662

uleer, 319-321
Syphilis, 164
and tongue cancer, 531
Sy sterme response to injury, 56-66

T

Tabes dorsalis, 638

and acute abdomen, 475
Tachycardia

after fracture, 633

after mijury, 61

after thyrodectomy, 552

and dehydration, 82, 86

and hemorrhage, 135

in shock, 129
Tamponade, 678, 687

1 hemorrhage control, 135
Tapazole®, 547
Teeth

infection, 42, 526

marks of violence, 656
Telangiectasis, 218

due to uradiation, 218
Temperature

see glso Fever

and blood flow, 583 £.

body

and dehydration, 75, 80, 85
and vasodilatation, 584



716

Temperature (cont.)
postoperative, 59
L:xvxron?fntnl and water intahe, 73-

INDEX

of shin
in dehydration, 83
in shock, 121
Tendon
disruption in fractures, 642
function test, 620
grafts, 53
n.ﬂexes, and hypocﬁkcnuc tetany, 86
severed, healing, 4
Tenosynovitis, 158
Tension
tntra-orbital, relef of, 551
m wound treatment, 44
pneumothorax, 676 f., 684
tissue
healing delay due to, 32
in wound treatment, 46
Terramyen®, 177 £,
Tests
Aschheim-Zondek, 480
Bartholm, 480
compression, 604 f.
Coombs,
creatinine clearance, 240
galactose tolerance, 420
Harkms, 605
1cterus mdex, 420
in acute abdomen, 471
Tiwer function
for elective surgery, 240
in bile obstruction, 405
in pancreatic dlsmsc, 439, 442 f,
1 jaundice, 4.
Aohomer-Ochaner, 6 601 605
uthcs 601 604 f.
Pratt, 6
Queckenstedr 854
renal function, 237
Rumpel Lcedc tourniquet, 459
Skene, 4
tmnslllumm:\hcn 492
Trendelenburg, 601, 603 £.
Van den Bergh, bthru\)m, 240, 420
Testicle, 486
Testts, hydrocele of tunica vaginahs,
486 ff.

undescended, 492
Testosterone propionate, 577
Tetanus, 150-152, 663

immunization for, 151

in burns, 193

symptoms and signs, 150 ff,
Tetany
hypocalcemic, 86
pmmth{rmd pos(opemm e, 551
Tetracycline, 1

‘Thermal burns, see Burns, thermal
I!l}n:mnc, 2, 106, 113

Thirst
and dehydration, 79 f.
symptoms due to, 85
due toxl) emorrhage, 133
in shock, 125, 126
Thoracentesis, 682
Thorax
and abdopunal mjuries, 687
mjurncs, 681
and treatment, 683
pressure ;csponsc 11 head injury, 634,
675

5
suppuration, 173
Thorazine®, 414, 417
and jaundice diagnosis, 414
Threonine, 104
Thrombin

cavernous smus 12
coronary, 3
and acute abdomcn, 475
hemorrhoid, 3
mﬂamm'\mry reaction to pathogenic
bactena, 149
njury due to, 56
mesenteric, 478
and pan, 4
of capillary and Iymphatic channels,

anatomy, 542



cancer, 352-556
classification of, 5§53
treatment for, 533 ff.

diseases, 343

Tiba

fracture of, 624, 630
immobilization for, 636

Tissue
alterations, in wound healing, 32 f., 37
dcsmoplasm, in cancer types, 568
fat stores, depletion, 108
interposition of soft,
lean mass, nutntional deplcuon, 107
osteoid, 51
regencmnon, delay factors in, 31 ff.
transplantation, 51

Tongue

Tonsi|, metastatic spread from, 529 f.
Tonsilhtis, invasive infection atter, 526
Torulosis, 168
Toumiquet
in circulatory overload, 138
1 hemorrhage control, 135
1 shock, 128
ntroduction of, 24
Toxicaty
in intestinal obstruction, 340
in thyroid disease, 548
crses after lhyrmdectomy. 551 f.
of anesthetic drugs, 257, 273
peniciilin, 176
shock due to, 119, 122, 130
streptomycin, 177
Trachea, compression of, 545
Tmcheotomy
for cancer, 215
for chest injuries, 683
Transplantation
bone,
or bums, 196 fI.
healing after, 51 f,
homologous, 51 f£., 196 ff.

INDEX 717
uogr.lh, 51 £
necrosis of, 32 1.
pmhfunlmn in, 33
skin, 52,
for lund bums, 190
spht thickness, 38
veins in, 53
stershization of, 54
tendon, 33
tissuc, 31
vascular, 33 f., 559 f.
zoografung, 52
Trauma

Treves, Frederick, 27
Tnethylene, 219
Trothricin, 174
Trousscau's sign
after thyroidectomy, 551
and hypocalcemic tetany, 88
Trypsm, xllaueatlc, m themal bumns,

Trypsinogen, 436
Tryptophan, 104
1 protein synthesss, 104
Tubercle bacillus, 3068
Tuberculosis
and tongue cancer, 531
as cause of splenic abscess, 454
bone, 152 ﬂp
intestinal, 1683 .
lymphademus. 163
of spine, 162 £.
ulmonary, 162 f,
Tugaxemla, 162
Tumors, 200-228
abdomina‘}s. and intestinal obstruction,

and biiary tract pressure-regulating
function, 399

angiomas, 225

benign, 220 £., 526

bowel, 350

brealslt 56l?f 574

capi] emangmmas, 226

carouari;ody,

ﬁbmadenoma SGof 574

glomus, 226

mntestinal, 350

slet cell, 440, 447

leukoplalia, 227 £,

ipomas, 223

lymphangioma, 227
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Temperature {cont.)
postoperative, 59
cnuron}]ncnhl and water intake, 73-
4

of skin
1 dehydration, 85
wn shock, 121
Tendon
disruption in fractures, 642
function tcst, 620

renfre

INDEX

Tension
mtra-orbital, relief of, 551
wwound treatment, 44
pneumotharax, 676 f., 684
tissue
healing delay due to, 32
m wound treatment, 48
Terramy cmn®, 177 £,
Tests
Aschheim-Zondek, 480
Bartholin, 480
compression, 604 f.
Coombs, 455
creatinine cle"u"\nce, 240
galactose tolerance, 420
Harkns, 603
1cterus index, 420
1 acute abdomen, 471
Iner function
for elective surgery, 240
m bile obstruction, 405
m pmcreahc dxseasc‘ 439, 442,
1n jaundice, 4 24
Mahorner-Ochsner, 601, 605
Perthes, 601, 604
Pratt, 605
Queckenstedt, 654
renal function, 237
Rumpel-Leede tourniquet, 459
Skene, 480
transillumination, 492
Trendelenburg, 601, 603 f
Van den Bergh, bnhmbm, 240, 420
Testicle, 486
Testis, l)ydmcelc of tuntca vagmalis,
486 &

undescended, 492
Testosterone propionate, 577
Tetanus, 150-152, 668

immunization for, 151

1 burns, 193

symptoms and signs, 150 ff,
Tetany

hy) pocalcen'nc, 86

parathyroid, postopemme 551
Tetracy crnc,

Themmal burns, sce Burns, thermal
Thiamine, 32, 108, 113
Thigh
tertrochanter femur, 625, 638
thrombophlebutis, 608
Thiouracil, 547
Thirst
and dehydration, 79 £.
symptoms due to, 85
due to hemorthage, 133
1 shock, 125, 1.
Thoracentesis, 682
Thorax
and abdominal injunies, 687
injurics,
and treatment, 683
pn,ssuré ;%sponsc. 1 head ijury, 654,

suppuration, 173
Thorazine®, 414, 417

and jaundice diagnosis, 414
Threonine, 10-
Thrombin

1 hemorrhage control, 135
Thrombosis, 581, 585 ff.
and cancer of pancreas, 438
and mtestinal obstruction, 344
cavernous smus, 12
coronary, 3.
and acute nbdomcn‘ 475
hemorrhaid, 387
wflammatory reaction to pathogemc
bactena, 149
myury due to, 56
mesentene, 478
and patn, 466
of mpxllary and lymphatic channels,



m cancer ctiology, 204
Vision
blurring
shock, 126 i
symptoms duc to, 85
th d, ductoex
Vitamin
and Iner function, 411, 429
* for thyroid discase, 548
in nutnibonal balance, 91, 103 £, 108,

11
supplements, 113, 116
Vitamm A
and epithelization, 108
deficiencies, 32, 106
Vitamin B
1otake, 113
and cancer, 204
Vitamun B complex, 113
deficiencies in, 106
for thyroid disease, 548
Vitamin C
in stress of bums, 194
in synthests of adrenal cortical hor-
mones, 1
in wound healing, 32
Vitamin D, 32, 113
after thyroidectomy, 551
dunng growth period, 1068
Vitaoun K
absorphion, 420, 427
and phsor"lm prothrombin  depletion,
1

deficiency, 108

in blood coagulation, 132

1 wound healing, 32 .
Wolkmann's sschemic contracture, 810
Volvulus

and intestinal obstruction, 343, 463

midgut disorders of, 336 ff.
Vomiting

after intestinal obstructions, 342

aftgr ‘thyrqidectumy. 851

1+ hal ==

331

-

esnrany ok

symptoms due to, 85
von Mikulez-Radechd, Johann, 23
von Pirquet test, 162

w
Water
absorption, right half of colon, 363

719

and salt oserload, in wound healing, 32
depletion, 78 T
1 shock, 124
in bedy fluid and electrolyte balance,
68-100, 241, 247

INDEX

and honmene therapy, 577
in nutntional balance, 103 .,
intoxication, 79, 81, 91

symptoms due to, 83
reqqurement, 75

in thermal bum, 183
retention, after mjury, 62

Waterhouse-Fridenichsen syndrome,
238 f.

Weight
and water intake, 73 f.
gam
during spontaneous anabolic phase,

failure, after partial gastrectomy,
329

lossf 3
after injury,
and dchyz'ation, 80
as postoperatne response, H0
and peptic ulcer, 325
nutntiopal depletion, 107 £,
Wells, Horace, 22
Wells, Spencer, 24
Whipple's diagnostic tnad, 448
Woun
sce also Injury
adrenergic-corticoid phase, 64 f.
care and healing, 29-54
classification of, 33 f.
dennsuag_l fof, surgical débridement,

closure, 33

after eacision, 40

after surgical incision, 35

method of, 37 f.
contamination, 33, 37, 142-143, 148
contraction

postoperative, 60-

stage, 30
corticoid withdrawal stage, 64
delayed primary suture healing, 31
dressing changes, 42
f_iuring convalescence, 34 ff.

. ,308
handling, and traumatic injuries, 525 f.
healing of, 29 f,, 310
delay factors in, 29, 31 ff,
1 bums, 198
m diabetic, 235
1mtial lag period, 60
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Tumors {cont.)
mabgnant, sc¢ Cancer
melanoma, 233 £.
mixed, 528
of esophagus, 314
of neck,
of papllla of Vater, 415
of small intestine, 336 ., 350
of spleen, 454
ovanan, 359, 477
pigment cell, 292 f.
salvary gland 536
senile keratosis, 227
warts, 234

U

Ulcer
as cancer starting point, 528
bleeding gastric, 318
decubitus, 105 99 634
duodenal, 93, 4t
peptic, see Pcphc Ulcer
perforated, 321, 477 3
shin, and cancer, 204
varicose, 606

Ulcer syndrome, 319 ff,

Ulceration
anal canal, 384

Vanx
esophageal, 314, 430
saplienovs, 498
Vascular disease
penipheral, 581-612
see also specxﬁc diseases
arterial, 581
h mph:mc, 582. 610 ff.
venous, 581, 597
Vascular system
and shock, 119
penpheral collapse 1n hypcrpotas«
semsa, 84
spasm
in artenial disease, 581, 585, 590
of collateral cireulation, 582, 839
syphalis m, 164
Vasaconstrichion
adrenergic peripheral after mnjury, 61
n shock, 121 f.
peripheral, due to cold apphcation, 41
pro uctmn,
n l}e:norrhage contml, 130,135

as mouth cancer Lication, 532

due to nradmuon, 218

hemorrhoid, 387

m cancer diagnosis, 205

of gallbladder, 399

stomal or marginal, 328
Urecholine®, 294, 309
Urenna, 82, 250, 294
Uretcr, obstruction, 480
Urethra, rupture, 642
Urethntis, postoperative, 297
Urninary tract

infection

and acute abdomen, 468, 473, 475
297 f

postoperative, 278, 2
pain, due to stone, 358
Urine
in cholecysnbis, 402
in common duct obstruction, 404
in hypopotassemia, 84
m jaundice, 4
1 shack, 187
nitrogen excretion and stress, 115
output, 75
and dehydration, 80, 82
postoperative, 58 £.
retention, 250, 261
postoperative, 251, 278, 293 £
sugar 1n, preoperative, 236
Uteus, 47

for vascular disease, 590 ff.
black or sympath for,

Vein
arculation, 597 ff.
control of oozing, 37
esophageal, 160
femoral, Iigation for thromboembolic
dlsease, 242
obstruction of portal flow, 430, 460
of rectum and anus, 360
transplants in skin grafts, 53
valve function, 600
Venography, 584
Ventilation, 72, 87, 666, 675
and anesthesm, 237, 265 )
and shock, mamtenance tendencies in
operative phase, 127
deficiency, 265 f.
disturbances, 85
n peritomtis, 309
Ventricle, ﬁbnllahon, emergency, 274,
276

Verruca vu!gans, 224
Vertebrae, compression, 622

or “wedgmg,” 658
Vinethene®, 266

1rus

hepatitis due to, 414
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Wounds {cont.)

1n protetn depletion, 104
scar across adipose tissue, 48

hemorrhage stage, 30

hyperemta stage, 30

m breast cancer, 576
closure, 578
hormone dlcmpfv, 577

infected, 33 £, 411, 148
from primary closure, 38
predisposition, 32
temperature r:ic\ ations, 59

irrigation of, 46

of anal canal, 383 ff

of face, 4

of head, 5%

of neck, 5235

open fracture, closure, 832
penetrating, 503 £, 676
secondary, suture healing, 31
second mtention healing, 31
third intention healing, 31

Y
Young, Hugh, 27






