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AND ITS APPLICATION TO THORACIC SURGERY

HISTORICAL ASPECTS OF ASEPTIC SURGICAL TECHNIC

JostAH C. TENT, M.D., F.A.C.S.°

IN this section, devoted to aseptic surgical technic and its applica­
tion to thoracic surgery, it is quite appropriate to include an account
of the development of the modern aseptic ritual; for, in an attempt
made at Duke Hospital to control "unexplained" infections in opera­
tive wounds of the thorax, an important contribution to our present
technic, an effective and practicable method of sterilizing the air in
the operating room, was devised.1

THE PREANTISEPTIC ERA
Occasionally in the history of a science we come upan a discovery

so revolutionary that it serves as a point of division in that science
between the ancient and the modern. In surgery, the discovery of
the antiseptic principle was of such significance that the centuries of
tradition and experience which preceded it appear as nothing when
compared with the rapid advances made in the decades which fol­
lowed. lt is difficult for us, in possession of the benefits of asepsis, to
visualize the terrible and b·agic conditions prevailing only eighty years
ago, in the preantiseptic era. Erysipelas, pyemia, septicemia, hospital
gangrene and tetanus were never absent from the wards, and every
operative wound was infected. lt is small wonder that "pure oreamy

0 Associate in Surgery ( on leave), Duke University School ofMedicine, Durham,
North Carolina.

Sorne of the material in this essay has appeared in Thumbnail Sketches of
Eminent Physicians: The Evolution of the Aseptic Prinqiple in Surgery, North
Carolina Med. J, 6, 1936.
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1086 JOSIAH C. TRENT

pus, without the tell-tale odor of incipient gangrene, was referred to
as laudable. Because of sepsis, little progress had been made in ex­
tending the scope of, and indications for, surgery. Abdominal surgery
was hardly thought of; the only operation performed on the thorax
was empyema drainage; the cranial cavity and spinal cord were vir­
tually unexplored. Amputation, lithotomy, vascular surgery and the
drainage of abscesses made up the bulk of a surgeon's practice. Sur-

Fig. 434.-The Preantiseptic Era. Amputation of an arm under strict "septic" condi­
tions. (From Laurenz Heister's Chirurgie, Dritte Auflage, Nürnberg, 1731.)

gical results were judged by the mortality statistics of amputation: 25
per cent was considered a "very low" rate; 50 per cent was a more
normal figure. The very multitude of the wound dressings that were
advocated through the centuries, from the simple wine dressings of
the ancient Greeks to the pus-promoting dressings of the middle ages
-a pernicious practice which continued well into the nineteenth cen­
tury-is evidence enough that none was entirely satisfactory, though
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sorne were mildly antiseptic in character; nor could a satisfactory
method be devised until the cause of wound suppuration was under­
stood.

Some progress toward the acquiring of such an understanding was
made in the stucly of puerperal fever, a disease peculiarly adapted to
observations on its transmissibility. John Burton frst suggested, in
1751, that puerperal fever might be conveyed to a patient by an
outside agency. Charles White of Manchester,' in 1773, stressed the
similarity between puerperal fever and surgical fever; he advocated,
in dealing with the former, such precautionary measures as complete
isolation of infected patients, rigid cleanliness ( asepsis) and thorough
ventilation of the delivery room, and the use of antiseptic douches.
The first positive statement as to the contagious nature of the disease
was macle by Alexander Hamilton1·1 in 1781, when he described puer­
peral fever as "remarkably contagious" and capable of being conveyed
from one patient to another. The ensuing decades saw repetitions of
this assertion by various physicians, with increasing emphasis on the
function of attendants and doctors as carriers of the fever; prophyl­
actic measures similar to those of White were recommended by many.
The doctrine was an unattractive one, however, since physicians in
general <lid not care to think of themselves as bearers of disease, and
it receivedno wide acceptance. Not until 1843 was the issue brought
squarely befare the medica! profession in America. In that year
Oliver Wendell Holmes published his famous essay on "The Con­
tagiousness of Puerperal Fever,"" maintaining that the "disease known
as Puerperal Peer is so far contagious as to be frequently carried
from patient to patient by physicians and nurses." This doctrine and
the preventative measures which Holmes advocated were not original
with him, but his article had the merit of stirring up a controversy
which aroused wide attention. Beginning in 1847, a similar debate
was excited in Europe by the work of Ignaz Philipp Semmelweis."
In the face of acrimonious opposition, this great Hungarian demon­
strated the contagiousness of puerperal fever and showecl that its
transmission could be prevented by such simple measures as washing
the hands in an antiseptic solution befare examining, assisting or in
any way touching a patient.

ADVANCE IN BACTERIOLOGY

Despite such anticipatory stirrings, the complete realization of the
aseptic principie coulcl come only with an understanding of the
etiology of wound infections, and this knowledge waited upon the
development of the science of bacteriology. The long foreground of
that science from Leeuwenhoek's great discoveries until the micl­
nineteenth century, need not concern us here. Throughout this period,
as during preceding ages, roen postulated as the causative agents of
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disease various miasmas, vapors, gases and animalcules. The germ
theory of disease developed but slowly, although a great number of
observations on the origin and cause of infectious diseases, wound
suppuration and putrefaction appeared during the late eighteentb
and early nineteenth centuries.
In 1822, Ollivier28 produced experimental hospital gangrene by

autoinfecti on, and in 1822-1823 Gaspard,'' at the suggestion of Fran.
cois Magendie, made experimental studies in pyemia, injecting putrid
fluids and other substances into various animals. In 1835, with his
demonstration of the parasitic nature of the muscardine disease of
silkworms, Bassi2 laid the faundation of the doctrine of pathogenic
microorganisms. A year later Franz Schulze" demonstrated that no
putrefaction occurred in boiled infusions if the air was drawn through
acid or alkali, and Theodor Schwann38 carried out similar experi ­
ments using heat rather than chemicals to sterilize the air. Schwann""
and Cagniard-Latour" presented evidence, in 1837, to prove that the
fermentation of sugar was due not to oxygen, as was commonly be­
lieved, but to the growth in the solution of a yeast, Torula cerevisiae
These discoveries, and others of like import, received scant attention
from a bigoted scientifc world, dominated by armchair logic, but
the time was ripe for genius to integrate these isolated facts and
demonstrate their significance.

At this most opportune time, Louis Pasteur, an obscure French
chemist whose work had dealt chiefly with crystalloids and their
polarizing propert ies, began to encounter in certain industrial fer
mentations exceptions to the laws of correlation between crystals and
rotary power, laws which he had previously found invariable. He
gradually shifted his feld of interest from pure chemistry to biology
Since he knew from previous observations that life alone is capable
of creating full-fedged new dissymmetries, he began careful re­
searches into the vital principle of fermentation, presenting the re
sults of his study to the Société des Sciences de Lille in August of
1857.2º He concluded:

It is now my opinion as the result of the knowledge I have gained on this subject
that whoever will judge impartially of the results of this work and those which I
shall publish in the future"o will recognize with me that fermentation is correla­
tive with life, with the organization of globules ( yeast) not the death or putre­
faction of these globules.°

From these studies it was but a step to questioning the origin of
these "globules," and Pasteur soon became absorbed in an effort to
salve once and far all the celebrated question of spontaneous genera­
tion, an effort intimately connected with his desire to arrive at a

0 The doctrine which Pasteur here rejected was a widely accepted one, force
fully advocated by the great German chemist, Justus Liebig.
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knowledge of the causes of putrid and contagious diseases. By 1862,
with a series of simple but masterful experiments, he had demolished
the theory of spontaneous generation."

THIE ANTISEPTIC PRINCIPLE

In 1865 Dr. Thomas Anderson, Professor of Chemistry at the Uni­
versity of Glasgow, who was familiar with Pasteur's work, called it
to the attention of the Professor of Surgery at the same institution,
Joseph Lister. Lister had already given much thought to inflamma­
tion and suppuration and had patiently sought far a means of assur­
ing the healing of wounds by primary intention. The missing link in
his search was supplied by the knowledge he derived from Pasteur's
writings: there he learned that putrefaction was in fact fermentation,
that it was caused by the growth of microorganisms carried to the
wound on particles of dust floating in the air, and that it was possible
to free the air of these germs by heat, filtration or chemical action.
Of these three germ-destroying methods, Lister chose the chemical as
the most practicable. Fortunately, the first antiseptic which he tried
was carbolic acid ( German creosote); he had heard of its recent suc­
cessful use in the disinfection of sewage at Carlisle, and Dr. Ander­
son supplied him with a sample of the chemical. In March, 1865, at
the Glasgow Royal Infirmary, Lister far the frst time employed the
undiluted chemical in a case of compound fracture; the case was im­
properly managed, and the attempt unsuccessful. The next experi­
ment, on August 12, 1865, was undertaken in a case of compound
fracture of the tibia. The wound was treated frst with lint soaked in
carbolic acid, later with dressings of carbolic acid diluted in water
and in olive oil. This simple technic, based on Pasteur's teaching that
putrefaction is caused by bacteria coming from the air, met with com­
plete success. Bacteria which had gained access to the wound were
frst destroyed, then by the application of antiseptic dressings the
entry of new bacteria was prevented until healing had occurred.
The use of antiseptics in putrefactive diseases was certainly not

original with Lister. Many early surgeons employed dressings con­
taining alcohol and various balsams. Sir John Pringle,34 in 1752, re­
ported a series of experiments in which he had tested the effects of
a variety of substances in delaying putrefaction. Pringle's work was
continued by Madame d'Arconville1 who, in 1766, reported the effec­
tiveness of mercurial salts, among other substances, in the prevention
of putrefactive changes. In 1764 the German surgeon Bilguer4 de­
scribed his method of treating wounds, which consisted essentially in
filling the recesses of the wound with. antiseptics and placing on the
surface a piece of lint dipped in an antiseptic solution. Alcohol,
glycerin, chlorine and its various compounds, iodine and other chem­
icals were variously recommended .in the early nineteenth century.
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French surgeons and chemists became much interested in the disin­
fectant properties of coal tar and conducted an extensive inquiry into
its usefulness. One result of this inquiry was the work of Jules Le­
maire, who studied frst the antiseptic properties of coal tar combined
with tincture of saponine, and later those of carbolic acid, publishing
his report on the latter in 1863.21 In the same year Enrico Bottini,
then at Novara Hospital, later a professor at Pavia, began to investi­
gate the value of carbolic acid as a disinfectant of the operative feld;
his fndings were published in 1866,' when Lister's work was still in its
experimental stages. Both Lemaire and Bottini knew of, and accepted,

11
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Fig. 435.-The Antiseptic Method. A drawing showing strict observance of the

method developed by Lister. (From W. Watson Cheyne, Antiseptic Surgery, Its
Principles, Practice and Results, London, 1882.)

the germ theory of disease; both preceded Lister in the use of car­
bolic acid to destroy germs. Nearly a year before Lister carne to
recognize the significance of Pasteur's work in relation to surgery,
Spencer Wells43 discussed Pasteur's doctrines before the British Med­
ical Association and described the antiseptic experiments of Polli of
Milan, who had given sulftes and hyposulfites by mouth to neutralize
the effects of purulent infections.

Why then do we credit Lister, and not one of these men or of the
other pioneers who might be amed, with the establishment of anti­
sepsis? Wells offered only a brilliant hypothesis, Lemaire and Bottini
offered only an effective antiseptic. Lister alone brought forward and
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maintained a scientifc principle, in accordance with which methods
of procedure might be devised. For him, carbolic acid was simply a
means to an encl; -for Lemaire, Bottini and the others, the particular
antiseptic which each employed was an end in itself, was itself the
most important factor in wound dealing. Lister never allowed bis real
purpose, the destruction of the pathogenic organisms which he knew
to be present everywhere, to be obscured by blind devotion to estab­
lished details of technic, to chemical substances or to pieces of
apparatus.
In 1867 Lister reported the then amazing results of bis new method

of wound therapy in a paper entitled, "On a New Method of Treating
Compound Fracture, Abscess, Etc., with Observations on the Condi­
tions of Suppuration."" It is signifcant that in the title he speaks
of a "method" of h·eatment and <loes not specify carbolic acid. Sev­
eral months later, on August 9, 1867, in addressing the British Med­
ical Association at Dublin "On the Antiseptic Principle in the Prac­
tice of Surgery,"23 Lister remarked:
To prevent the occurrence of suppuration with all its attend ant risks was an object
manifestly desirable, but till lately apparently unattainable, since it seemed hope­
less to attempt to exelude the oxygen which was universally regarded as the agent
by which putrefaction was eflected," but when it had been shown by the researches
of Pasteur that the septic property of the atmosphere depended not on the oxygen
or any gaseous constituent but on minute organisms suspended in it which owed
their energy to tlleir vitality, it occurred to me that decomposition in the injured
part might be avoided without excluding the air by applying as a dressing sorne
material capable of destroying the life of the floating particles.

Upon this principle I have based a practice ....

After further careful experiments and reasoning, Lister was able to
set down the factors necessary for "per primam" healing of clean
wouncls: (1) the germs must be clestroyed on the patient's skin, on
the surgeon's hands, on the instruments used, and on everything sur-

° The belief that the air or one of its components had a harmful effect upon
wounds was long in force, and various methods were devised to prevent suppura­
tion by excluding the air. To combat the cooling and drying effects of air, Jules
Guyot, in 1835 and later, recommended incubation of the wounded part at a
temperature of about 36° C. The subcutaneous method of surgery grew up as a
result of the fear of air: Delacroix, Anel and Abernethy were pioneers in the
technie; Delpech, in 1816, performed the first subcutaneous tenotomy; Dupuytren,
Stromeyer, Dieffenbach and Jules Guérin contr ibuted greatly to the development
of the method. Various methods of occlusion were proposed: Guérin (1839)
favored covering the wound with goldbeater's skin ; William Rh ind (1842) and
Laugier (1844) recommended gum arabie; Chaissagnac ( 1844) used layers of
diachylon plaster. Guérin (1866) and Maissoneuve ( 1867) proposed pumping the
air away from the wound by the use of complicated apparatuses. Stull other ap­
proaches to the problem were suggested: the substitution of various gases for air.
a technic on which Demarquay and Leconte experimented extensively, reporting
in 1866 in favor of carbonie acid gas; the imm ·sion of wounds in a warm water
bath, a method principally advocated by Stromeyer and Langenbeck.
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rounding the area of operation; ( 2) germs must be prevented from
entering the wound during operation; (3) germs must be prevented
from spreading into the wound after operation. This revolutionary
concept was di.fficult far the profession to grasp, and it met with con­
siderable opposition. Many insisted on calling Lister' s method the
"carbolic acid treatment" and completely lost sight of the underlying
principle necessary far its proper application. It had its champions,
however, particularly on the continent, where it was apparently frst
introducect in 1869 by Mathias Saxtorph, Professor of Clinical Surgery
in the University of Copenhagen, who visited Glasgow in that year
and observed Lister' s technic." The practice was adopted by such
eminent surgeons as Richard von Volkmann at Halle in 1872, Nuss­
baum at Munich in 1874, and Esmarch at Kiel in 1875. Volkmann
practiced exact Listerism with brilliant results and became one of the
strongest and most outspoken advocates of the system. A similar posi­
tion was taken by Just Lucas-Championniére in France. In America,
where the disciples of Lister and Pasteur were few, the introduction
of the antiseptic system was only slowly accomplished.

ASEPSIS

As the antiseptic principie spread, surgeons everywhere sought far
newer and safer methods of accomplishing the same end. Lister him­
self constantly emphasized the point that the means employed were
of small signifcance as long as the desired end--the exclusion of
germs from the wound-was gained. Even his vehement opponent,
Lawson Tait, of the soap-and-boiling-water school, was actually the
advocate of a somewhat primitive aseptic technic. The great German
surgeon, Billroth, accepted Lister's principle while questioning his
means, and stated that he would regard the antiseptic system with
suspicion as long as it depended on carbolic acid; he like many other
surgeons had had fatal cases of poisoning from carbolic acid.6
In spite of the brilliant work of Pasteur in the promulgation of the

germ theory of disease and the development of Lister's remarkable
antiseptic treatment of wounds, utter confusion existed among med­
ical men as to the causative organism or organisms of surgical sepsis.
Bacteriology as a science was still undeveloped, and pure cultures of
bacteria were unobtainable. In retrospect, in view of the meager
knowledge then available concerning the infective agents, the results
achieved by Lister seem alI the more remarkable. Befare further
progress was possible in the development of asepsis, it was necessary
far the bacteriologists to overtake the surgeons, who.had far out­
distanced them.
The modern concept of wound infection began with the publica­

tion of Robert Koch's great work on the etiology of traumatic infec­
tive diseases,18 in which he reported six different kinds of surgical
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infections artifeially produced in animals and clearly demonstrated
that each was due to a different microorganism which bred true in
pure culture. Probably Koch's greatest contribution, however, was the
poured plate method of obtaining bacteria in pure culture." Also,
with GafTky and Loeffler in 1881, 2º he designed the first steam steril­
izer, an important advance which was not utilized in the aseptic
technic for severa! years.
While bacteriologists were providing the knowledge necessary for

intelligent procedure in wound therapy, surgeons themselves were as­
siduously seeking for simpler means of accomplishing their goal of
primary wound healing. Lister himself made great contributions to
the development of asepsis. In 1881, at the Seventh lnternational
Medical Congress, held in London, during the symposium on "The
Causes of Failure in the Primary Healing of Wounds," he presented
the results of further experiments, which showed that blood serum it­
self possessed bactericida! properties and that actual closure of a
wound was not necessary if the wound were filled with blood clot,
properly covered, and left alone." In 1883 he recorded an "Antiseptic
Operation without Antiseptic Contact"12 and by 1887 he had aban­
doned the antiseptic spray. 0
As the antiseptic system spread, constant improvements in technic

were made. The transition from the "wet" or antiseptic treatment of
wounds to the "dry" or aseptic method, however, was largely due to
the work of two German surgeons, Gustav Neuber of Kiel and Ernst
von Bergmann of Berlín. Neuber, long an assistant to Esmarch and a
devoted experimenter in the antiseptic technic, carne to the realiza­
tion that no further progress could be made until caustic antiseptics
could be dispensed with. In 1884 he built a prívate hospital in Kiel
for the express purpose of carrying out bis new methods of asepsis,
and two years later he published the details of his technic," the main

0 Early in his experiments, in a rather crude attempt to sterilize the air, Lister
had introduced the carbolic acid spray, which, during the operation, filled the air
around the operating table with a mist of carbolic acid. Lister frst publicly recom­
mended this apparatus on August 10, 1871, at the Plymouth meeting of the British
Medica! Association (Brit. M. J., 2:225-233 [Aug.] 1871 ). Besides working a
hardship on both surgeon and patient, the spray failed to produce the desired re­
sults. Its utility was frst assailed by Bruns of Tübingen in 1880 (Fort mit dem
Spray, Berl. klin. Wchnschr., 17:609, 1880), and many surgeons abandoned it. A
Canadian surgeon visiting the European clinics in 1887 found Lister using no spray.
MacEwen at Glasgow using it in small quantities only "perhaps as a kind of fetush,"
but reported of Ogston at the Aberdeen Infirmary: "He is a thorough Listerite of
the old lines and envelops his operations in a cloud of carbolized incense. His
ritual is orthodox and complete. I saw him do an abdominal section and although
standing sorne feet off was drenched from head to foot with the spray and felt the
chilling effects of the carbolic acid for some days afterwards" (Shepherd, F. J.:
Notes of a Visit to Sorne of the Anatomical Schools and Surgical Clinics of Europe
in 1887, Canad. M. J., 14.56-65 [Jan.] 1924).
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f«ature, of which werc: (d) separation of lean and "dirty cases;
(2) :tcrilization of the air cntering the operating room by heat and
filtration; (3) lcansing the cntire body of the patient and the opera­
tive itc with mercnric bichloride; (4) washing of the hands and
arms of thc operating team with soap and water; ( 5) sterilization of
ínslrumt:nts an<l drapes by hoiling; ( 6) closure of wounds without
drainage. The ritual of asepsis thus begun was improved during the
Jatter part of the eightíes in the clinic of Emst von Bergmann, a
nalívc of Higa, Hussia, later Professor of Surgery at Berlín. His tech­
nic, as recorded by Schimmelbusch,i differed essentially from Neu­
ber's in that nascent steam accor<ling to the method of Koch20 or
steam undcr pressure was used to sterilize the dressings and drapes,
which ha<l been placed in metal drums of the kind in general use
to<lay.
The universal a<loption of the aseptic principle in surgery rapidly

followed upon the elaboration of the technical details by von Berg­
mann. In spite of the effectiveness of this technic in preventing most
infections, there remained severa! possible sources of wound contam­
ination; namely, the operator's bare hands, droplets from the nose and
throat, and the patient' s own skin. º

RUBBER GLOVES

Many surgeons were quick to realize that even with prolonged
scrubbing and improved antiseptics it was impossible to sterilize the
hands, but many years passed before an effective method for screen­
ing bare hands from the operative wound was devised. Through the
example and influence of William Stewart Halsted, Professor of Sur­
gery at the Johns Hopkins Hospital, the use of rubber gloves as a
means of preventing wound contamination was at length introduced.
Rubber gloves were first worn in Halsted's clinic as early as 1889t to
protect from antiseptics the hands of certain members of the staff:
the nurse who squeezed out sponges kept in bichloride of mercury
solution and the assistant who passéd instruments, which had been
immersed in carbolic acid.13 As the staff became accustomed to the
gloves, their use became more general and the emphasis was gradu­
ally shifted from protection of the operating personnel to protection

º This still remains a problem, although not a serious one. See in this volume,
Lovell, Durward L.: Preoperative Skin Preparation with Reference to Surface
Bacteria Contaminants and Resident Flora.
t There were isolated instances of their use prior to this date in Europe. For

example, F. Jayle writes: "When an assistant to Professor Vereuil in 1888, I saw
Jalaguier who carne there to operate; the skin of his hands being very sensitive to
antiseptics, he had formed the habit of operating in rubber gloves equipped with
cuffs reaching up the forearm." ( Apercu historique de l'antisepsie et de l'asepsie,
Presse méd., 36, 2' sem.: 1195 [Sept.] 1928.)
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of the patient. In 1895, Hunter Robb, then resident ~-necologist of
Johns Hopkins, wrote:

Rubber gloves are not employed so widely as they should be. It is probable that
the chances of infection would be very meh diminished if the assistants were re­
quired to wear them at operatinns, since they can be rendered absolnt<•h- skrih-.
which is not necessari ly true of the skin of the hands. Their use by the operator
lnmself wonlcl also fac1htate the performance of a great deal of minor work with­
out any inconvenience therefrom,ss

Fig. 436.-The Use of Rubber Claves. A photograph of Halsted's frst operation
in the new surgical amphitheatre at Johns Hopkins in 1904; Drs. Finney, Cushing,
Young, Mitehell and Bloodgood appear in the picture. This is one of the earliest
photographs showing an entire operating team wearing rubber gloves. Notice the
absence of masks. ( Reproduced through the courtesy of the Johns Hopkins Press,
from W. G. MacCallum, Wllam Stewart Halsted, Surgeon, Baltimore and London,
1930.)

Halsted himself at this time occasionally used gloves in operating
on clean joints, 0 but it appears that the first person to wear them
invariably while operating was Dr. Joseph Colt Bloodgood, Halsted's
house surgeon, who began the practice in December of 1896. I 1913,
at the insistence of his staff, Hafsted finally published a résumé of the
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operative technic which had evolved in his clinic.13 In speaking of
the introduction of rubber gloves he said:

Operating in gloves was an evolution rather than an inspiration or happy
thought, and it is remarkable that during four or fve years when as operator I wore
them only occasionally we could have been so blind as not to perceive the necessity
for wearing them invariably at the operating table.°

MASKS

Lister based his antiseptic system on the belief that most pathogenic
bacteria were airborne; later it was learned that direct contact is a
more important factor in their transmission, and after the publication
of Tyndall's fndings in 188142 concerning the relatively harmless char­
acter of most airborne germs, surgeons carne to regard the danger of
airborne infection as negligible. However, occasional cases of sepsis
occurred in spite of the most rigid adherence to the ritual of asepsis,
and surgeons began to look for other sources of infection. Pasteur32
and Stemnberg'' demonstrated in 188l that the pneumococcus could
be carried in healthy throats, and it carne to be recognized that the
human mouth is a perfect breeding place for all types of bacteria.
The fact that exhaled air contains far fewer bacteria than inhaled air
misled most observers for a time.
In 1897 Carl Flügge, then at Breslau, published an account of his

investigations on droplet infection.1° Flügge not only proved that the
human nose, throat and mouth might contain pathogenic bacteria,
but he also demonstrated that all persons in speaking, laughing,
coughing and sneezing scattered from their mouths a fine spray of
germ-laden saliva. He concluded his account by pointing out the
importance of his fndings to the surgeon. Because of the renewal of
int erest in airborne infections in recent years, I shall quote at length:

It is much more natural to think of an airbome infection of an operative wound
through droplets from the mouth and nose which are disseminated by those present
through speaking, coughing, and sneezing. In the oral secretions of healthy persons
one finds numerous pathogenic organisms. The scattering of such droplets can
proceed from the operator, from the assisting personnel, and from the spectators.
(page 223.)

I do not doubt that by far the greatest part of wound infection is established
through contact and that surgeons have with good reason given,far more considera-

° The objections customarily advanced against the use of gloves were sum­
marized by Nicholas Senn, writing in 1901: "Perhaps one of the best proofs that
ali known methods of hand sterilization have their defects is the present quite
extensive use of rubber gloves, advocated by Halsted, Mikulicz, Fenger, and other
surgeons .... It is easy to foresee that this practise will never become general,
even in the clinical amphitheaters .... The rubber gloves impair the delicate
tactile sense of the fingers, are expensive, easily tom, and fumish a soothing poultice
for the conscience when the surgeon fails to prepare his hands properly" ( Practica!
Surgery, Philadelphia and London, 1901, p. 172).



a

d

Fig. 437.-The Introduction of Surgical Masks. The second edition of Berkeley
Moynihan's Abdominal Operations (Philadelphia and London, 1906) contained one
of the earliest textbook recommendations for the use of masks during operations,
accompanied by the two drawings shown above. The photograph, which, with the
legend "The Present-Day Operating Room," appears in Keen and DaCosta, Surgery,
ts Principles and Practice (Philadelphia and London, 1920), gives evidence of the
slowness with which the universal use of masks in the operating room became
customary. (Ali three pictures are reproduced through the courtesy ofW. B. Saun­
ders Company.)
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tion to this side of the question than to airbome infection. But one dares not ignore
the danger, nevertheless, which is set up for operative wounds by the excreted
droplets scattered into the air and there floating so easily and transported so far;
and the possibility must be taken into account that many abnormalities in the
progress of operative wounds which are protected against contact, are to be traced
back to this invisible mode of infection.

The extent of this contamination is then of interest in determining the precise
dangers which threaten the fresh operative wound; but since knowledge of such
questions can be gained only through experience, I have asked my esteemed col­
league Professor Mikulicz to be permitted to confirm the practica! signilicance of
these proceedings experimentally studied by me, through joint investigation into
tlrn sources of the failures of modero asepsis. (page 224.)

Mikulicz, at Flügge's suggestion, began testing various methods of
reducing the dangers of droplet infection. In 1897 he published his
results, in an article principally devoted to advocating the use of
cotton rather than rubber gloves.26 He wrote:

I was frst made aware of the significance of the danger of the dissemination of
pathogenic bacteria from the mouth and nose through Herr Flügge who had es­
tablished experimentally that even by tranquil speech bacteria can be scattered
from the mouth in very fine fluid drops into surrounding space. We have, indeed,
at Breslau the custom of hardly speaking at all at operations: necessary com­
munications are easily conveyed through signs with the hands. But a word must
be said here and there. If the surgeon has a cold which causes him to sneeze at
inconvenient moments, then he must, according to Flügge, be entirely excluded
from operating. All these dangers will be wholly avoided if one wears during the
operation a mouth bandage covering the mouth and also the nostrils. A piece of
mull serves the purpose and can be used also to cover the beard. We have operated
already quite a long time with mouth bandages at all aseptic operations; we
breathe through them as easily as a lady wears a veil on the street. The mask is of
course sterilized. (page 716.)

Mikulicz, despite the early satisfaction he expressed regarding his
mull mouth bandages, was apparently not entirely satisfied with either
the protection they afforded or the comfort. He asked one of his col­
leagues, W. Hübener, to check on the effciency of the mask and to
improve its design. Hübener published his results in 1898.17 He dem­
onstrated that the simple cloth mask used by Mikulicz by no means
afforded adequate protection at all times, and devised a metal frame
a modifed Esmarch chloroform mask with spectacle earpieces-carry­
ing a double layer of close-meshed muslin.

Mikulicz's efforts must have received little attention from surgeons
at large, however, for Paul Berger, a French surgeon, writing in 1899%
of his own experiments with masks modeled on Mikulicz's concluded
pessimistically that he expected his communication to receive little
more attention from his colleagues than the report of Mikulicz had
from German surgeons. In 1901, John Poland spoke of Mikulicz's use
of masks as a somewhat ridiculous.and extreme measure.83 From 1900
on, however, numerous articles appeared advocating various modifica-
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tions of these masks. A multitude of designs were proposed, all to the
same purpose; to keep out of the operative wound bacteria coming
from the nose and throat. Today gauze face masks which cover the
nose and mouth are worn routinely by all individuals in the operating
room.

ULTRAVIOLET IRRADIATION OF AIR

Although today's masks do serve as a flter for the coarser droplets
from the upper respiratory traet, it can easily be shown that they are
not completely effective in stopping the fine spray generated by talk-

•
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Fig. 438.-Modem Asepsis. An operation performed under bactericidal ultraviolet
irradiation at the Duke Hospital, Durham, North Carolina.

ing, coughing or sneezing. It was this fact which led Deryl Hartof
Duke University to devise a rapid, practicable method of sterilizing
the air in the operating room in an attempt to controlthose infections
which occurred in spite of rigid aseptic precautions."" By rrradiating
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the air with special short-wave ultraviolet light he was able to reduce
the number of bacteria in the air to such a point that they no longer
constituted a hazard.
The per primam healing of wounds depends upon many factors

other than strict aseptic precautions, and not the least of these are:
accurate hemostasis, careful handling of tissues, and the use of fine
suture material. However, with the best of technic and the proper
observance of ali requirements of asepsis, there are still many "un­
explained" wound infections. These can be reduced to a minimum by
the judicious employment of this last addition to our aseptic arma­
ment arium, sterilization of the air by ultraviolet irradiation.
With the introduction of penicillin and other powerful antibiotic

agents, the surgeon has been given a new means of combating infec­
tion. It is inevitable that this extremely effective weapon will afford
a perfect windfall in many cases of infection in clean wounds, for
the surgeon who grows careless in his technic. It should be remem­
bered, however, that the principies of asepsis and good surgery still
go hand in hand, and no drug has yet been discovered which can
make up for a deficiency in aseptic practice.
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PREOPERATIVE SKIN PREPARATION WITH REFERENCE
TO SURFACE BACTERIA CONTAMINANTS

AND RESIDENT FLORA

DUIwARD L. LOVELL, M.D.°

MooERN aseptic technic theoretically aims at complete eradication
of bacteria so that not a single organism can reach the wound at any
time during and after the operation. Under such conditions healing
would take place aseptically. Such perfection in actual practice is al­
most impossible to attain but it is our constant goal to minimize con­
tamination of wounds as much as possible. The modern plan of main­
taining such a technic is an elaborate one and requires attention to
detail and careful observation to see that no loopholes admit any of­
fending organism from many possible sources of contamination. Such
a plan is like a chain which is only as strong as the weakest link.
Sterilization of the skin of the patient seems to be the weakest link
in the chain of sterile technic, because no antiseptic yet devised is
able to destroy all of the bacteria in the skin. For this reason the skin
is a constant source of contamination of clean operative wounds and
precautions must be taken to prevent serious infections from this
source. The purpose of this paper is to make clear the value of pre­
operative preparation of the skin and to point out methods whereby
contamination and infection of operative wounds by these bacteria
may be minimized.

Classification and Location of Skin Bacteria.The bacteria of
the skin are classified into two main groups: the transient, which may
inclnde any organism that comes in contact with the skin; and the
resident, which includes bacteria that are normal inhabitants of the
skin. The transient bacteria are usually located on the surface em­
bedded in the horny fat, beneath the desquamating superficial cells
of the horny layer, and in the crypts and crevices. Toe number and
kind of organisms that make up the transient Hora depend on the
cleanliness of the individual and his contacts with a variety of sources
of contamination including the surrounding air. This transient group
contains the more pathogenic types of bacteria including Staphylo­
coccus aureus, streptococcus, Escherichia coli, Bacillusproteus and
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1058



1054 DURWARD L. LOVELL

B. pyocyaneus. They frequently cause serious wound infections when
they are allowed to enter clean wounds and fnd conditions favorable
for growth. . . .
In contrast to the superficial location of the transient bacteria, some

of the resident flora are situated in the deeper parts of the skin. In a
previous publication,1 it was shown that the resident bacteria are lo-
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Fig. 439.-Photomicrograph showing a section of skin removed from the female
breast and incubated for six hours. The surface of the skin was cleaned with iodine
and alcohol before removal, and the section was stained to show the bacteria. Large
masses of bacteria are shown extending deep into the sebaceous gland and far below
the skin surface. ( By permission of Surgery, Gynecology and Obstetrics.)

cated on the surface embedded in the horny fat, in the crypts and
crevices, hair follicles and sebaceous glands. A study of sections of
skin which had previously been incubated far six hours, in arder to
locate the bacteria more readily in regard to their position and depth,
showed resident bacteria located very deep in the pilonidal follicles
embedded in the sebaceous material (Figs. 439 and 440). Tbe num­
ber of bacteria in the pilonidal follicles varied greatly. In sorne in-
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stances no organisms were found; in others they had increased suffi­
ciently to fill completely the upper part of the duet ( Fig. 440). Care­
ful study of the sweat glands in many sections failed to show any
bacteria in the excretory ducts, in the coiled portior th• . . • , 1 ns as ey pass
through the epidermis, or in the secreting tubules. All of the bacteria
were located outside the body since they were not seen within or
between living cells of the epidermis or the cells lining the pilonidal

EPIDERMIS

MASS
OF

BACTERIA

follicles. The resident flora probably remains fairly constant since over
a long period of time the organisms comprising this group have ac­
quired the ability to live and multiply in surroundings that are un­
favorable for the growth of other bacteria. Toe resident bacteria usu­
ally include Staphylococcus albus and Staph. citreus, but it is thought
that other organisms may become residents in the skin after prolonged
contact with them.
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Changes in the Bacterial Flora Following Surgical Cleansing
Methods.-Price2 has shown that serubbing with brush, soap and
water removes readily the transient flora of bacteria, but far more
slowly the resident flora. Most of the transient organisms of the skin
are quite superficial and can be removed by thorough mechanical and
chemical cleansing. Mechanical cleansing is more efficient than chem­
ical cleansing for removing surface bacteria, because the dirt, horny
fat and other foreign material must be removed before the antiseptic
can reach organisms located beneath the desquamating epithelium
of the epidermis. Inasmuch as the resident bacteria are located so far
below the surface, they cannot be removed by mechanical means.
Sebum is a highly insoluble substance and all of it cannot be removed
by soap, water or chemicals without injuring the skin (Fig. 439). Any
chemical solution that would sterilize the skin would necessarily have
an enormous penetrating power. Experiments have shown' that the
generally used antiseptics do not have sufficient penetrating power to
reach the bacteria that are located deep in the hair follicles and
sebaceous glands.

After thorough mechanical and chemical cleansing, negative swab
cultures can sometimes be obtained from the skin surface because
most of the transient bacteria have been removed. The resident bac­
teria rise to the surface and multiply after a short time, however,
especially if the skin becomes moist and the surface tension is in­
creased. Cultures taken from the skin surface at the end of operations
are always positive for bacteria! growth. These bacteria consist of
large numbers of Staphylococcus albus and Staph. citreus, and occa­
sionally smaller numbers of the more pathogenic types. The number
of transient organisms that can be recovered from the skin surface at
the end of the operation depends on the thoroughness with which
mechanical and chemical cleansing was performed. Preoperative skin
preparation, therefore, removes most of the surface bacteria but many
of the resident bacteria remain in the hair follicles and sebaceous
glands and serve as an important source of contamination.
The Role of the Resident Bacteria in Contamination and Infec­

tion of Wounds.-In a previous publication,3 it was shown that bac­
teria gain entrance to the wound during most clean operations. A few
organisms are carried into the incision with the skin knífe as a result
of cutting into contaminated hair follicles and sebaceous glands.
Sorne of them possibly gain entrance as a result of contaminated per­
spiration flowing over the skin edges. This may occur regardless of
the fact that towels are closely applied. Cultures taken from the
wound immediately after the skin incision is made are usually positive
for bacterial growth." Similar cultures taken during the Iatter part of
the operation are positive for a greater number of bacteria. This in­
crease in their number during the time of the operation occurs even
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though bactericidal radiant energy is used to minimize contamination
from the air. This is probably due to the fact that the resident bac­
teria gaining entrance to the wound by transplantation with the skin
knife multiply during the time of the operation. The greater number
of these bacteria are of the Staphylococcus albus and Staph. citreus
variety. They belong to the resident flora and generally do not cause
serious wound infections unless they are present in large numbers or
the wound is left m such a condition as to encourage their growth.
Very few of the more pathogenic types of bacteria will gain entrance
to clean operative wounds if the skin is properly prepared and ade­
quate precautions are taken to prevent this during the time of the
operation.
Although the presence of a relatively large number of resident bac­

teria may not cause gross infection with suppuration in a wound,
they should not be disregarded. They may cause prolonged elevation
of the postoperative temperature and excessive pain, redness and in­
duration of the wound. In the presence of avitaminosis and other
nutritional, systemic or local conditions, these organisms may be fac­
tors in delaying healing, thereby predisposing to disruption of the
wound and postoperative hernia. Stitch abscesses or excessive scarring
may be the result of infection caused by these bacteria. Frequently
they cause chronic low grade infection around subcutaneous suture
material, leading to draining sinuses; and in many instances, the
sutures must be removed before proper healing takes place.
Plan of Minimizing Contamination of the Operative Wound by

Skin Bacteria.The high probability of the entrance of bacteria into
every operative wound should be a constant challenge to reduce such
contamination. Unless the operation is urgent, the presence of even
rninor infections in the field of the proposed incision contraindicates
operation until the lesion is healed. Incisions that are to be reopened
during second stage operations should be carefully examined for stitch
abscesses, adhesive dermatitis and low grade infection in the deeper
part of the wound.
The transientflora of bacteria can be removed only by careful pre­

operative preparation of the skin. The <lay before operation a large
area in the region of the proposed incision should be washed thor­
oughly with soap and water, shaved closely, and then cleansed with
soap and water, 70 per cent alcohol and ether in locations where these
do not bum. Just before the operation the skin should again be washed
thoroughly with soap and water, 70 per cent alcohol and ether, and
covered with a sterile towel. After the patient has been anesthetized,
chemical cleansing should be performed to further reduce the number
of bacteria on the surface. Numerous good antiseptics are available
but 8.5 per cent iodine is probably used more frequently than any
other chemical on the patient's skin preparatory to operation. Two
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layers of iodine should be applied and then removed with 70 per cent
alcohol to prevent blistering. Following chemical cleansing all of the
skin except a small area where the incision is to be made should be
covered by sterile towels which are held in place with clips.
Inasmuch as all of the resident bacteria cannot be removed by mod­

ern methods of preoperative preparation, the skin should be consid­
ered as contaminated at ali times. The skin surface should not be
touched with the gloved hand or instruments that are to be used during
the remainder of the procedure. · The knife employed to make the
initial incision should be discarded because it has been contaminated
by cutt ing through pilonidal follicles containing bacteria. All exposed
skin should then be covered with sterile towels, and fastened in place
with clips, care being taken not to leave the edges of the incision un­
covered. These towels should be left in place until the wound is
closed to the subcutaneous fascia. At this time the skin surface should
be considered as being more contaminated than at the time the orig­
inal incision was made, because during the operative time the resi­
dent bacteria rise to the surface and multiply. This is best combated
by changing the towels and cleaning the skin surface with the anti­
septic solution before the superficial sutures are inserted. This reduces
the bacteria! contamination of the subcutaneous tissues and results in
fewer bacteria about the subcutaneous and cutaneous sutures.
Factors that Minimize Infection of the Operativeound by Skin

Bacteria.-Since contamination of the wound cannot be entirely pre­
vented, the presence of these bacteria make it imperative that the
tissues be left in the best possible condition for combating their
growth. When only a few bacteria gain entrance to the wound, they
do not interfere with healing because, with good surgical operative
technic the tissues can easily cope with them without infection. Em­
phasis must be placed, therefore, on the fact that these bacteria be­
come important in regard to gross infection only when their multi­
plication is aided and abetted by faults of operative technic. Such
features of technic as gentle handling of tissues, careful hemostasis,
avoidance of tension in placing sutures and obliteration of dead space
should never be overlooked. Other factors such as the unnecessary
use of the cautery, and ligation with strangulation of large amounts
of tissue will create conditions favorable for the growth of bacteria in
the wound. Stitch abscesses are best avoided by the addit ional pre­
caution of early removal of the suture and avoidance of tension.

SUMMARY
Sterilization of the skin seems to be the weakest link in the chain

of sterile technic. Modern antiseptics fail to remove all the bacteria
in the skin because they are located too deep in the hair follicles and
sebaceous glands. Contamination of wounds from this source may be
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minimized, but with our present knowledge it cannot be entirely pre­
vented. This contamination can be minimized only by thorough me­
chanical and chemical cleansing of the skin and careful attention to
operative technic. Bacteria gain entrance to most clean operative
wounds and the presence of these organisms makes it imperative that
the tissues be left in the best possible condition for combating their
growth. ·
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THE USE OF METHYL METHACRYLATE PLOMBAGE IN
THE SURGICAL TREATMENT OF PULMONARY

TUBERCULOSIS

DAVID A. WILSON, M.D.°

SncE extrapleural pneumolysis was introduced by Tuffer in 1891,
phthisiologists and surgeons interested in the treatment of pulmonary
tuberculosis have been seeking a nonirritating material which could
be used as a plombage to maintain the lung in a collapsed state. Many
agents including fat, paraffin, hydrostearolein, gauze, rubber, muscle
and air have been utilized in the past with poor results.
In 1938 a new synthetic plastic material was introduced for use in

dental prosthesis ( Geiler). This plastic material known chemically as
methyl methacrylate represented the result of many years of exhaus­
tive chemical research. lt had been used for severa! years prior to this
time by commercial plastic manufacturing companies, marketed under
the trade names of lucite, plexiglas, vitarilic and others. Methyl metha­
crylate is an acrylic resin manufactured under exacting chemical and
physical conditions from acetone, hydrogen cyanide and methyl al­
cohol in the presence of sulfuric acid. The polymerized form is a
clear, light-weight solid which softens at 105° C., and can easily be
molded into any desired shape. lts outstanding physical characteristic
is its high tensile strength. Chemically, methyl methacrylate is rela­
tively inert. lt is soluble in esters, ketones, chloroform, ethylene di­
chloride and strong acids, but is not affected by weak acids or al­
kalies. lt absorbs very little water without changing its chemical com­
position and does not appear to deteriorate like other plastic mate­
rials which have been implanted into the human body.
In January 1940 Kleinschmidt studied the effects of methyl metha­

crylate used to repair cranial defects in experimental animals. He
found remarkably little inflammatory reaction and no foreign body
response characteristic of other foreign agents used in the human
body. This work has been confirmed by others. During the frst few
days the methyl methacrylate plate is surrounded by a small amount
of serum which rapidly becomes organized forming a thin film of
hyaline connective tissue. Rarely does suflleient serum accumulate
around the implants to require aspiration. This fact has been stressed
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by Gurdjian and his co-workers, by Kahn, and Woolf and Walker
who have used methyl methaerylate successfully in human cranio­
plasties. Woolf and Vlalker describecl one patient with an infected
wound which cleared up with penicillin and local treatment without
removal of the plate. Kahn also believes that this material is so inert
that it may be used in the primary repair of perforating wounds of
the head.

Spealman, Main, Haag and Larson have studied the effects of
methyl methacrylate implanted into the peritoneal cavity. The mate­
rial was allowed to remain nine months before autopsy of the animals
was performred. Encapsulation of the particles by a thin flm of hya­
line connective tissue without the formation of adhesions was noted.

Methyl methacrylate has been used clinically to repair eranial de­
fects ( Zander, Gurdjian, Webster and Brown) and to study the brain
and pial circulation ( Sheldon, Pudenz, Restarski and Craig). It has
been used successfully in reconstructive surgery as a substitute for
cartilage for the correction of facial deformities ( Penhale, Brown)
and in arthroplasties for osteo-arthritis ( Harmon). It was first used
experimentally to secure a pulmonary collapse by Wilson and Baker
in 1944. The effects of this plastic material insertecl into the pleural
cavity of thirty rats and into the extrapleural space of ten dogs was
studied. A collapse of individual lobes was secured in approximately
half of the i·ats by inserting into the pleural cavity a portian of methyl
methacrylate premolded into the shape of the lobe to be collapsecl.
In the other half of the rats the pleural cavity was filled with small
¼ inch methyl methacrylate balls. All of the animals tolerated the
methyl methacrylate well and showed no systemic reaction. X-rays
taken at frequent intervals following operation showed little evidence
of pleural effusion. Autopsies performed at intervals of from ten days
to eight months showed only slight inflammatory changes and no
foreign body reaction. The balls were surrounded by a thin serum
immediately following the operation, and the pleura showed mínima]
thickening and infltration with eosinophils. In the majority of the
animals the methyl methacrylate became encapsulated by a thin layer
of hyaline conective tissue. In ten of the rats the methyl methacry­
ate implants were still free in the pleural cavity eight months after
operation.
The methyl methacrylate implanted into the extrapleural space of

the ten dogs became encapsulated by a dense layer of hyaline con­
nective tissue. The adjacent lung showed little evidence of reactron
except atelectasis as a result of compression.

ADVANTAGES
Methyl methacrylate, in addition to being nonirritating to the tis­

· defr" 1dv 1ta over other foreign materialssues, possesses certam e!inite a van ages
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which have been advocated for use as a plombage. The material is
tite-veis, ad « iwrgeamis gg.) iggg! ",py dmmse
of penetrating the pleura or thin-wa e cavities. is radiolucid and
des not interfere with the int erpretation of roentgenograms. Both
these factors are of great importance in thoracic surgery.
For use in patients the methyl metharylate was molded int o solid

and hollow balls l inch in diameter. This makes possible the flling of
varying sized pockets at operation. As many as sixty balls have been
utilized in a single patient without ill effects. As the air between the
halls is absorbed, serum accumulates around the balls. This serum
Iater becomes organized into hyaline connective tissue maintaining the
lung permanently in a collapsed sfate. .

A nonirritating plombage material permits the successful ut ilization
of the operation, extrapleural pneumolysis. Introduced by Tuffier in
1891, this procedure consists of stripping the lung along with the
parietal pleura away from the chest wall through a small anterior or
posterior incision. The advantages of this operation over other majar
surgical procedures used in the treatment of pulmonary tuberculosis
are: (1) Operation can be performed under local anesthesia. ( 2)
There is little or no shock or blood loss, and b'ansfusions are rarely
required. (3) The involved area of lung can be selectively collapsed
thus preserving the function of normal lung tissue. This malees pos­
sible the successful treatment of patients with bilateral apical cavities,
low vital capacity, and the like. ( 4) There is no mediastinal shifting
following operation. Expectoration of sputum is easy, and there is
little clanger of bronchogenic spread. ( 5) The postoperative manage­
ment is relatively easy. (6) There is no chest deformity or scoliosis.

INDICATIONS
The indications for extrapleural plombage with methyl methacryl­

ate are limited, since the use of this material in thoracic surgery is
still in the experiment al stage. The indications, however, are much
broader than those established for extrapleural pneumothorax. All
patients in which this procedure has been used have been under a
strict sanatorium regimen, and pneumothorax has been attempted and
found to be unsuccessful. Recent spread <loes not constitute the same
contraindication to operation as it does for thoracoplasty. Many pa­
tients not suitable for either thoracoplasty or resection can be success­
fully treated by this method.
Those patients considered most suitable for operation are: (1)

Patient s with bilateral apical cavities. ( 2) Patients with unilateral
eavities and infiltration in the opposite lung. (3) Patients in which
the pulmonary tuberculosis is complicated by asthma, diabetes, heart
disease or low vital capacity. ( 4) Patients of advanced age who, be­
cause of their general physical condition, are not candidates for majar
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surgical procedures. ( 5) Patients in whom thoracoplasty has been per­
formed without successful closure of the cavity. Extrapleural stripping
of the apex of the collapsed lung and plombage in these patients

B e
Fig. 441.-0perative technic. The extrapleural space is developed by blunt

dissection. A lighted retractar is used for the deeper part of the dissection. A, In­
cision is made over the second rib and cartilage. The pectoralis majar muscle is
split and retracted. The incision is made through the anterior periosteum. A section
of rib and cartilage is resected and the incision carried through the posterior peri­
osteum. B, The extrapleural space is enlarged and the apex may be droppecl clown
or compressed against the mecliastinum. C, The extrapleural space is flled with
methyl methacrylate balls, after which the section of rib is replaced and the peri­
osteum is approximatecl to the rib. D, Composite drawing of halls in extrapleural
space

offers asingle stage procedure which can be performed under local
anaesthesia with little or no shock and with a good chance of cavity
closure. ( 6) Patients with a thoracoplasty on one side who have
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developed a cavity in the opposite apex. (7) _Patients with cavities in
the basal portion of the lung. In these patients extrapleural pneu­
molysis and plombage of the lower lobe permits a selective collapse
and preserves the function of the uninvolved upper lobe.

OPERATIVE TECHNIC

Preoperatively, the patient is given 0.1 gm. of sodium pentobarbital
the morning of operation and 16 mg. of morphme one-half hour be-

. fore operation. An anterior or a posterior approach may be used (FIg
441). I prefer the anterior approach, because access to the extra­
pleural space is easier and because the patient is more comfortable in
the supine posit ion during operation. After the skm has been pre­
pared, the area overlying the second rib and cartilage is infiltrated
with 2 per cent procaine and the incision is made down to ancl
parallel to the rib and cartilage. The intercostal nerves are blocked
with 2 per cent procaine. The pectoralis major muscle is split along
the course of its fbers and a 4-inch segment of rib and cartilage re­
sected aperiosteally. The rib segment is carefully saved. A longitu­
dinal incision is made through the posterior periosteal bed, and the
extrapleural space is carefully developed by blunt dissection. Finger
dissection is much safer than instrumental dissection. As the space is
developed, a small sponge on a clamp is substituted for the fnger.
A lighted retractor is indispensable. The entire apex is mobilized
down to the hilum of the lung and the space flled with methyl
methaorylate balls. The rib segment is resutured into place, and the
periosteum is reapproximated around the rib margin to hold the halls
in the extrapleural space. The pectoralis major muscle is reapproxi­
mated and the skin closed with interrupted silk sutures. Additional
anesthesia is rarely needed after the extrapleural space is entered.

COMMENT

Extrapleural pneumolysis from a theoretical standpoint is based on
sound surgical principles. Adequate collapse of the lung can be
secured by this method as with intrapleural pneumothorax or thoraco­
plasty. Entrance into the extrapleural space probably occurs during
the course of most thoracoplasties and is attended by little, if any,
increase in danger to the patient . Many present -day thoracic surgeons
routinely combine exb'apleural apicolysis with thoracoplasty.

At the present time over twenty-five patients with far advanced
pulmonary tuberculosis have been operated upon using methyl metha­
erylate plombage to maintain a collapse of the lung developed by
extrapleural pneumolysis. Two patients have had bilateral apicolysis;
two patients with a thoracoplasty on one side have had an apicolysis
performed for a cavity in the apex of the other lung; four patients
have had an uncollapsed apical cavity beneath an old thoracoplasty;
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one patient has had a cavity in the left lower lobe in the costoven.
tebral angle. With few exceptions, all of the patients have had com
plications which contraindicated thoracoplasty or pulmonary resee
tion. The results have been suffciently gratifying to continue the
operation upon an increasing number of patient s and to broaden th
indications to include many patients who are candidates for thoraco.
plasty but who refuse thoracoplasty because of the operative risk and
deformity.

Contrary to the experience following thoracoplasty and pulmonary
resection, the postoperative management of patients with extrapleural
pneumolysis and methyl methacrylate plombage has been relatively
easy. Since operation is performed under local anesthesia the cough
reflex is not abolished, and expectoration is easy. There is no medias­
tinal shifting, and bronchogenic spread has not been encountered in
any of the patients following the use of this procedure.

Ali of the patients have been operated upon in operating rooms
equipped with bactericida! radiation, and all of the patients have
been given penicillin postoperatively. Infection in the extrapleural
space which previously discouraged the use of plombage has not been
encountered with the use of methyl methacrylate and with the above
precautions. A small amount of blood-tinged fluid accumulates around
the balls as the air is absorbed. Aspiration of this fluid is rarely re­
quired and the danger of .infection from repeated thoracentesis is
nil. The average postoperative temperature has been 38.2° C., on the
second or third postoperative days, with a return to normal by the
ffth or sixth postoperative days ( Fig. 442). Most of the patient s com­
plain of a feeling of pressure in the operative site and notice the click­
ing together of the balls during the first three or four days. These
complaints have never been troublesome. The average postoperative
hospital stay has been ten to fourteen days.

COMPLICATIONS

Complications of extrapleural pneumolysis and plombage with
methyl methacrylate may be divided into two groups: namely, those
arising as a result of the operative procedure, and those attributed
to the use of methyl methacrylate. This former group includes (1)
accidental rupture into the lung or thin-walled cavity, (2) hemor­
rhage into the extrapleural space, (3) formation of a bronchopleural
fistula, ( 4) tuberculous or secondary infection in the extrapleural
space, and ( 5) cardiac failure due to diminution of the pulmonary
circulatory bed.

Accidental rupture into a thin-walled cavity adjacent to the pleura
during extrapleural pneumolysis has been recorded many times. It is
an error in surgical technic and may occur in the best of hands. Im­
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mediate open drainage or cavernostomy is imperative either with or,
without thoracoplasty. Such an acciclent frequently results in a fatal­
ity. It constitutes a real clanger in all extrapleural operations. This
complication has not been encountered in my. personal experience.
Massive hemorrhage, a troublesome complication in extrapleural

pneumothorax, has not been encountered in association with methyl
methacrylate plombage. Large vessels running between the chest wall
and the lung are carefully coagulatecl by means of a cliathermy during
operation. Transfusions have not been required in any of the patients.
Formation of a bronchopleural fistula, a complication which so fre­

quently occurred with extrapleural pneumothorax and with paraffin
plombage, has not been encounterecl in this series. Methyl meth­
acrylate, unlike paraflin, is relatively inert in the extrapleural space.
It does not preclispose to foreign bocly reaction and inflammatory

· changes which is so frequently the basis for formation of broncho­
pleural fistulas.
Neither tuberculous nor secondary infection of the extrapleural

space has occurred in this series of cases. This is attributecl to the
use of bactericidal racliation ancl the liberal use of penicillin cluring
ancl following operation.

Cardiae failure clue to recluction in the pulmonary circulatory bed
constitutes a real risk with extrapleural pneumolysis and plombage.
Many of the patients upon whom this operation is performed already
have their circulatory capacity reduced to a dangerously low level.
In this series there has been one delayecl death as a result of carcliac
failure due to climinution of the pulmonary circulatory becl.
The second group of complications is that which might be attributed

to the methyl methacrylate. Experimental human toxicity stuclies of
methyl methacrylate were concluctecl by Spealman, Main, Haag ancl
Larson using the patch test methocl on ffty medical students. No re­
actions whatsoever were observecl when the polymerizecl form was
usecl. Similar studies performecl on experimental animals also lecl them
to conduele that methyl methacrylate is nontoxic when introducecl into
the _bocly. In our series only one reaction which could be attributed
to the methyl methacrylate has been observed. This reaction occurred
in the form of a generalized urticaria in a patient who had no previous
history of atopic manifestations. The urticaria appeared on the tenth
postoperative day and lastecl three days. There has been no recurrence.

SUMMARY
Methyl methacrylate is an • acrylic plastic which fulfills all the

essential criteria of an ideal plombage material. It is solid at ordinary
temperature but softens when heated to 105° C. It is light in weight
but has a high tensile strength. It is radiolucid and does not obse
the lung detail. It is nonirritating to the human body.
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Extrapleural pneumolysis and plombage with methyl methacrylate
is slíll ín t!Je experimenwJ stage. It has been used in the treatmnent of

A,
F'ig. 443.--A, Preoperative and, B, postoperative roentgenograms of chest of

/í9 ycar old woman with far advanced pulmonary tuberculosis treated by extra­
plenral pneumolysis and plombage.

Fig. 444.-Roentgenograms of chest of a 34 year old man with cavity in left
apex occurring two years after right two-stage thoracoplasty. Roentgenograms (A)
before ::md ( B) after patient was treated successfully by extrapleural pneumolysis
and plombage.

over twenty-five patients with pulmonary tuberculosis. Most of these
patients have had complications which contraindicated thoracoplasty
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or pulmonary resection. The results in these patients have been sufR­
ciently gratifying to continue its use in rnany less cornplicated cases
of pulmonary tuberculosis.
The use of this proceclure has certain advantages over other present­

day surgical methods of collapse therapy. It is a single-stage operation
which can be perforrnecl under local anesthesia with relatively little
operative risk. The collapse is perrnanent. There is no postoperative
mediastinal shifting, expectoration is easy, ancl the clanger of broncho­
genic spread is greatly clirninishecl. The postoperative rnanagernent

mm
KA

1

E
1,,1(
A --
Fig. 445.-Roentgenogram of chest of 54 year old man with bilateral apical

cavities (A) befare and (B) after being treated by means of bilateral extrapleural
pneumolysis and plombage with methyl methaerylate balls.

is easy. Patients with bilateral apical cavities, patients with basal
cavities, patients with low vita!.capacity, cardiac disease, and advanced
age, and patients with residual cavities beneath a thoracoplasty car
be successfully treatecl by this method.
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CONTROL OF SO-CALLED "UNEXPLAINED INFECTIONS" IN
SURGICAL WOUNDS, WITH PARTICULAR REFERENCE

TO THORACIC SURGERY

DEL. IAT, M.D., F.A.C.S.° AND JAMES D. MooDY, M.D.#

WrrH the introduction of antiseptic and then aseptic technic in sur­
gery, rapid strides were made in extending operative treatment to
all parts of the body.
In bis earlier work on antiseptic methods Lister gave great con­

sideration to the bacteria in the air as a cause of wound infections,
but later realized that contact contaminations played by far the major
role in wound infections of that day. As a result of this better under­
standing of the relative dangers of contact versus airborne bacteria
as a cause of wound infections, he gave up the carbolic spray, and
throughout the surgical world the air carne to be ignored as a medium
for transporting the bacteria causing wound contamination. Gradually
surgeons came to realize the danger of droplet contamination from
the noses and throats of the occupants of the operating rooms, and
masks of a totally inadequate type came to be worn, first over the
mouth and then also over the nose.
As a result of (l) the great reduction in contact contamination,

(2) the increased knowledge of the importance of leaving the wound
in the best condition to cope with the reduced number of contami­
nants, ( 3) the improvements in anesthesia, ( 4) the increasing knowl­
edge of shock and its prevention, ( 5) the introduction of parenteral
fluids of all types, particularly blood transfusions, and ( 6) the increas­
ing kowledge of function and physiology of various parts of the body,
the extent and magnitude of surgical procedures were greatly ex­
tended.

INCIDENCE OF "UNEXPLAINED INFECTIONS"

Early Experience.-With this increasing scope of surgical pro­
cedures and thus with one or more of the following conditions pre­
vailing: (l) exposure of larger denuded areas, (2) for longer periods
of time, (3) in operative procedures with greater trauma, ( 4) with
poorer hemostasis, ( 5) where the wound could not be immobilized,
·( 6) in tissues with poor local resistance, and (7) frequently in de-

From the Department of Surgery, Duke University School of Medicine and
Duke Hospital, Durham, North Carolina.

° Professor of Surgery , Duke University Schcol of Medicine; Chief of Surgery .
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bil itated patient s, so-called "unexplained infections" became more and
more common with all too frequent fatalities. Such mfections were
likely to be grouped at irregular intervals, and many surgeons can
recall times when such infections reached serious proportions. Walker
in 1930 reported from a teaching hospital in Boston an infection rate
of approximately 20 per cent for December, January and February
and 42 per cent for March, dropping off to an average of 8 per cent
for the months of April through September. In March the percentage
of streptococcal wound infections rose to 10.5 per cent at which time
50 per cent of the operating room personnel were carners of the
hemolytic strept ococcus. During the influenza epidemic of1918 many
operating rooms were closed except for emergency cases because of
the widespread dissemination of streptococci." So far as we know, at
this time the air was not considered as a medium for transporting
these organisms. Masks were widely used, at least over the mouth,
and emphasis was at times placed on the danger of droplets from
talking, coughing and sneezing. It was urged that the masks (fairly
adequate to stop large droplets but totally inadequate to prevent air
contamination with fner particles) be worn over the nose and mouth.

One of the authors (D.H.), while serving as resident on a busy
neurosurgical service in 192425, witnessed a series of fatalities from
unexplained infections. A widely known bacteriologist was called in
to pass on every step of the aseptic technic and after careful observa­
tion for severa! weeks he pronounced that the "technic was airtight,"
but he entirely ignored the air. With certain changes in the sterilizing
teclmic ( a longer period of time at a higher steam pressme) there
were no serious infections for a period of a year, and it was thought
that inadequate sterilization of supplies had been the cause of the
infections. Later the infections again occurred despite the changed
autoclaving technic. In retrospect it would appear that these cycles
of high and low infection rates were associated with changes in
the bacteria! flora of the noses and throats of the operating room
occupants.
Individual report s occasionally appeared correlating the organisms

m an mfected wound with those found in the nose and throat of one
of the operating roompersonnel. In such cases it was generally thought
that the wound infection was caused by contact or droplet inoculation.
General dissemination of bacteria that floated in the air for relatively
long periods of time, and for considerable distances was not con­
sidered as a source.
Experience at Duke Hospital.-Following the opening of the

Duke Hospital in 1930, occasional "unexplained infections" occurred.
In attempting to prevent these, every phase of our aseptic technic was
subjected to critical analysis with a general increase in all precautions
to guard against the generally accepted sources of contamination.
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There was no appreciable reduction in the "unexplained infections,"
ad there was an occasional fatality. These occurred almost entirely
in such large operative procedures as thoracoplasties, craniotomies
and arthroplasties. Finally with a widespread increase in the nose and
throat contamination with Staphylococcus aureus (70 to 80 per cent
of the general population) and with severa! heavy carriers among
the operating room personnel, six deaths occurred from such infections
within a period of three months, farcing us to cease performing opera­

. tions of election until general conditions improved.
During the years 1930 through 1935 there were seventeen deaths

from unexplained infections. Thus within these three months occurrecl
35 per cent of such deaths for the five-and-one-half-year period. The
epidemic nature of these infections is even further emphasized by the
fact that during these three months there were perfarmed only 1.5
per cent of the approximately 15,000 operations for the entire period.

Befare this epidemic occurred, we had concluded that pathogenic
bacteria floating in the air and sedimenting on the wound and sterile
supplies caused most of these "unexplained infections." Repeated cul­
tures of every phase of technic including the incoming air convinced
us that the pathogenic bacteria in the air of the operating room origi­
nated in the noses and throats of the occupants. We reduced the
degree of air contamination by ventilating the room with large quan­
tities of air rendered relatively free of bacteria by washing and flter­
ing. Even though the reduction was appreciable, we continued to have
occasional infections. Attempts were then made to control this air
contamination by limiting the number of occupants of the operating
room, elimination of persistent carriers, improvement in and more
constant wearing of masks, performing large clean operations only as
the first procedure in the moming after the room had been free of
occupants overnight, and finally by postponing until the summer
months, when the carriers are few, those procedures which were not
urgent. The latter of these was the most effective as exemplifed by
the fact that of these 17 deaths from "unexplained infections" in clean
operative wounds, not one occurred in May, June, July or August,
while 41 per cent occurred in December and January, 18 per cent in
November and February, 29 per cent in October and March, auc1 19
per cent in September and April. The facts that no deaths occu
during the summer months when the air contamination was repeat
demonstrated to be low and that the greatest mortality occurred d
ing the winter months when it was kown to be high were more th
suggestive that the organisms entered the wound by way of the arr

Ultraviolet Radiation of Air.-By 1934 we had demonst that
these airborne bacteria could be killed even at considerb
( 6 to 10 feet) by means of ultraviolet radiation. It was
however, after many animal experiments, befare we h
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ourselves that we could operate in such a feld without danger to the
wound, and befare we had equipped an operating roorr:i for use with
patients. This addition to the generally accepted aseptic techmc has
ali but eliminated our infections in clean operative wounds and not
one of these has been severe.
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Fig. 446.--The slightly higher infection rate (less than 0.5 per cent) for the total

clean operations far 1942-1946 as compared with 1936-1941 is explained by the fact
that the smaller operations which never become infected have not been included.

The higher infection rate in he reopened wounds far both periods can be ex­
plained. The air contaminants have been largely eliminated, but the resident skin
flora even though f low pathogenicity are still present. They rarely cause an infec­
tion in a primary incision, but may produce stitch abscesses with a greatly increased
number of bacteria about the skin sutures but not showing signs of suppuration.
"'hen any w, :md is reopened at an early date after removal of the skin sutures,
these bacteria are disseminated through the superficial part of the new incisions,
and may from their numbers produce a mild ar moderate suppuration usually in
the subcutaneous fat.

A reported analysis of ali operations performed with ultraviolet
radiation for the years 193641 ( Fig. 446) shows an infection rate
of only a fraction of l per cent, ranging from no infections in 439
hemiorrhaphies and 221 thyroidectomies, to one infection in 463 neuro­
surgical operations, one infection in 283 first-stage thoracoplasties and
radical mastectomies, and three infections in 390 orthopedic operations.
While in 1936 only the larger operations in clean cases were per­
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formed in a field of ultraviolet radiation, now many potentially con­
taminated operations such as intestinal resections are performed in
such a feld. This is done m order to avoid introducing the airborne
orgamsms and also to reduce the number gaining access to the wound
from the gastrointestinal tract.
We have recently analyzed the operations on the chest performed

during the years 1942 through March, 1946, and these are also shown
in Figure 446. (In evaluating these statistics, it should be kept in mind
that thoracic operations as demonstrated in the period 1936 to 1941
have next to the highest infection rate of any of the groups of cases
analyzed.) Following a total of 413 clean primary incisions there were
only two infections, giving a rate of less than 0.5 per cent. Breaking
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Fig. 447.-Temperature curve for one day before and six days after radical
mastcctorny on the patient described in Case I as showing a mild infection. This
did not follow the clinical course of an infection. Bloody fluid was aspiratecl only
once followecl by complete healing without reaccumulation of fluid. It is recorded
as infected since the culture report on the aspirated fluid was positive for Alealigenes
faecalis.

this clown we find that there were 81 primary incisions for thoraco­
plasty with no infection; 168 radical mastectomies with one infection
( Case I); 148 thoracotomies, 20 for tumor, 32 for vagotomy, and 96
for sympathectomy with only one infection in the latter group
( Case II). Both of these infections were mild as is demonstrated by
the following abstracts and temperature curves.

CASE I.-A 59 year olcl white widow entered the hospital with a chief com­
plaint of a "lump" in her left breast, first noticed two weeks previously. On No­
vember 4, 1944, a biopsy revealecl undilforentiated carcinoma, and a radical mas­
tectomy was performed. The temperature curve for the frst six days is shown in
Figure 447. The fine cotton skin sutures were removed on the sixth, and the stay
sutures on the tenth postoperative day; on both occasions the wound was described
as showing no evidence of separation or infection. On the fourteenth postopera­
tive day, 60 cc. of "6ld blood" was aspirated from the superior portian of the
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wound. Routine culture of this material was reported as showing Alcaligenes
faecalis. There was no further accumulation of fuid, and the patient was dis­
charged on the twentieth postoperative day, remaining in the hospital for this
length of time in arder to complete a course of x-ray therapy. The discharge note
stated that the wound was well healed. The patient received chemotherapy in the
fomm of oral sulfadiazine, 6 gro. a <lay, from the third to the twelfth postoperative
<lay. The temperature remained between 3° and 37.5º C. (98.6° and 99.5º F.)
except for two elevations to 37.9' and 38° C. (100.2° and 100.4º F.) on the
eizhth and ninth days respectively.o the patient's retum to the outpatient clinic one month following discharge,
the wound was noted as being well healed with no evidence of infection.

CASE II.-A 34 year old white paperhanger was admitted to the hospital far
surzical treatment of hypertensive cardiovascular disease. On August 30, 1944, a
transthoracic paravertebral sympathectomy was performed on the right side. The

Fig. 448.-Temperature curve for one <lay befare and six days after a trans­
thoracic sympathectomy for hypertension ( Case II). A small collection of fluid
drained spontaneously from the superficial part of a catgut closed wound about
the eleventh postoperative <lay and was described by the operator as infected, but
no culture was obtained. Healing was complete by the eighteenth postoperative <lay,
and there was no temperature elevation above 37° C. (98.6° F.) after the frst six
days fallowing operation as shown.

postoperative course was complicated by the fact that drainage hadnot been in­
stituted at operation, and, on the fourth postoperative <lay, a thoracentesis with
the removal of 700 ce. of bloody fluid had to be performed. At this time he had
a temperature elevation to 39.4° C. (102.9° F.). On September 23, 1944, a trans­
thoracic paravertebral sympathectomy was performed on the left side, with a
Pezzer catheter inserted between the eighth and ninth ribs far drainage of the
thoracic cavity. The temperature during the frst six postoperative days is 'shown
in Figure 448. The drainage catheter was removed on the sixth postoperative <lay.
On inspection of the lower wound on the eleventh postoperative <lay, a "smal!"
abscess was faund which had already opened. Warm saline compresses were applied
and the infection promptly cleared with complete healing of the wound by the
time of discharge on the eighteenth postoperative <lay. The patient was given oral
sulfadiazine, 6 gm. a <lay from the second to the twelfth and penicillin, 30,000
units a <lay, from the fourth to the twelfth postoperative days. The temperature
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dropped to 37° C. (98.6º F.) on the sixth postoperative <lay and remained at o1
below 37° C. for the remainder of his stay. On the patient's retum for a check-up
three months postoperatively, the incisions were observed as being well healed.

As further evidence of the value of ultraviolet radiation for reduc­
ing the bacteria! contamination of the air with resultant improvement
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TEMPERATURE IN CENTIGRADE

Fig. 449.-Maximum témperature elevations for each of the thoracic operations
performed for the years 1942 through March, 1946, arranged according to opera­
tion as indicated. These were ali extensive operative procedures, most showing a
relatively slight temperature reaction. Attention is called to the fact that the pa­
tients having a thoracotomy that was not drained (vagotomies and thoracotomies
for tumors designated as "thoracotomies") and those having an apicolysis with a
·foreign body implant ran slightly higher average temperatures than the patients
having other thoracic operations. For 83 per cent of the entire group the post­
operative temperature <lid not go above 38.5º C. (101.3° F.).

in wound healing two reports may be cited, one from the state sana­
torium in North Carolina, as given in a personal communication, and
the other by Overholt and Betts. The former report gave an infection
rate of 25 per cent without radiation, whereas in the frst 100 thoraco­
plasty stages after the introduction of radiation there was only one
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infection, and that in a reopened wound. In the latter report Overholt
gave 13.8 per cent infections in clean thoracoplasty wounds without
radiation. By improvements in surgical technic leaving the wound in
a better condition to cope with the contamination, this was reduced
to 6.58 per cent. Then by the introduction of ultraviolet radiation to
reduce the air contamination, this infection rate was reduced to 2.67
per cent. Most of the latter were slight and superficial with only
0.49 per cent linically signifcant. From the illustration showing the
operating room and the chart giving the reduction in bacteria! con­
tent of the air, it is evident that the intensity of radiation used and
the bacteria! reduction obtained were less than has prevailed in our
operating rooms.
As contrasted to these low infection rates, other recent reports in

the literature are as follows: Wu and Besso Pianetto in 1943 reported
11.8 per cent infections in 339 stages of thoracoplasty; after certain
measures had been taken to reduce the dangers from skin and air con­
tamination, no infections occurred in 120 stages.

Cory in 1943 reported 69 per cent of thoracoplasty wounds showed
primary healing before the use of sulfathiazole, and 93 per centshow­
ing primary healing with the use of sulfathiazole.
Adams and Dufault in 1941 reported 9.9 per cent infections in 241

stages of thoracoplasty.
Dieffenbach and Crecca in 1941 reported 10 per cent infections in

100 thoracoplasties inclucling all stages.
C. G. Finney in 1941 reported that in 104 thoracoplasties, all stages,

there were fourteen slight, eight moderate and three severe inlections.
Leaving out the slight infections, which were probably stitch abscesses,
he reported an infection rate of 10.6 per cent.

Meltzer in 1941 reported in 181 cases of thoracoplasty, all stages,
three stitch infections, four subcutaneous infections and one severe in­
fection resulting in death. In the latter case a tuberculous cavity was
entered during the operation,

POSTOPERATIVE ELEVATION OF TEMPERATURE, AND ITS
DURATION

As has been reported in a previous publication, the virtual elimina­
tion of airborne bacteria resulted in a great reduction in the post­
operative temperature elevation and the duration of this elevation.
The temperature curves on all patients having thoracic operations for
the years 1942 through March 1946 were analyzed as a further method
of evaluating their reaction to these relatively large and traumatizing
operations with a very low bacteria} contamination. From the chart
(Fig. 449) it is seen that for the radical mastectomies (160), frst
stage thoracoplasties ( 74), and the sympathectomies (96) ( thorac­
otomies where drainage of the pleural cavity was instituted to remove

A
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Fig. 450.-Showing the duration of any temperature elevation above 37.4º C.
(99.3° F.) for each of the thoracic operations shown in Fig. 449 for temperature
elevation. The patients having a thoracotomy without drainage of the pleural cavity
and those with an apicolysis and foreign body implants experienced a temperature
elevation for a somewhat longer average time. The temperature of 78 per cent of
ali the patients was clown to 37.4 º C. ar below by the fourth <lay following operation.

Equally as striking as this predominantly slight temperature eleva­
tion in the postoperative course of most patients was the short dura­
tion of any elevation above 37.4º C. (99.3° F.) (Fig. 450). In this
same group of radical mastectomies, first stage thoracoplasties, and
sympathectomies, I8 patients ( 6 per cent) had no postoperative tem­
perature elevation, while the temperature of 229 patients (70 per
cent) was clown to 37.4º C. (99.3° F.) or below by the third <lay
postoperative. Thus only 30 per cent of these patients had any eleva-
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any accumulation of blood) a total of 330 . t· 43 ·
) l.d ' ' ' opeia 10ns, _ pabents

(18 per cent e r not have a postoperative temp t 1 t·b 37.5° C. (99.5° erature elevat1onabove ' ",)» 21 patienis (65 per ccent) did not run a
tempera ure )e eva wn.a ove 38.1° C. ( 100.6º F.), while 289 patients
(88 per cent had their postoperative temperature remain at or below
38.5 C. 101.3. F.)• Only.41 patients ( 12 per cent) had a post­
operative temperature elevation above 38.5º c. ( 101.3° F.).
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tion of temperature above 37.4° C. (99.3° F.) for longer than three
days postoperatively (Fig. 450).
It is seen from Figure 449 that the temperature elevation was

slightly higher, and from Figure 450 that the duration of the tempera­
ture elevation was slightly longer for the thoracotomies performed
without drainage to remove any accumulation of blood (vagotomi es
[32] and for removal of tumors [2-]) and for apicolysis (24) with
methyl methacrylate plombage where a foreign body was left in the
wound. This slightly greater reaction was thought to be due to either
the accumulation of blood, or the presence of the foreign body or both.
In contrast with the seventeen deaths from "unexplained infections"

during the years 1930 through 1935 ( total operations. 15,508) there
has been no such death during the years 1936 through March 1946
where ultraviolet radiation was used (approximately l5 per cent of
the 69,743 operations performed).
With the low infection rates which we have now maintained for a

ten year period in all types of wounds, even during epidemics of
respiratory tract contamination, the number of bacteria entering our
wounds obviously has been relatively low. This has been confirmed
by wound irrigations and cultures of the irrigating fluid. With this fact
established, it seemed to us that a smooth, nonirritating foreign body
could be transplanted into the wound and would become encapsulated
with a negligible risk of infection. This work, carried on by Dr. Wil­
son, the resident hospital surgeon, is summarized in a separate ar­
ticle in this issue. Up to April 1, 1946, we have performecl twenty­
four apicolyses, including those reported by Dr. Wilson, with the im­
plantation of from eighteen to seventy-two spheres of methyl meth­
acrylate per patient, each sphere measuring 2.5 cm. in diameter. These
were designed for easy insertion and retention within the thoracic
cage for the purpose of holding the cavitated lung in a collapsed
position with the minimal risk of ulceration into the cavity.
Most of the patients in this series have had far advanced disease

and have been considered unfavorable for thoracoplasty. The details
of this operation are given in the papers of Dr. Wilson. So far no
wound having methyl methacrylate plombage has become infected,
no spheres have been extruded or ulcerated into the cavity, and all
spheres have apparently become encapsulated.

SUMMARY
In conclusion the virtual elimination of airborne pathogenic bacteria

by ultraviolet radiation has accomplished the following results:
l. Eliminated all deaths from "unexplained infections."
0 Two such deaths occurred in patients operated on when ultraviolet radia­

tion was not available: radical dissection of the glands of the neck far carcinoma
and eraniotomy for inoperable brain tumor.
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2. Reduced "unexplained wound infections" to a fraction of 1 per
cent.
3. Diminished greatly the severity of the infections that have oc-

curred.
4. Improved wound healing in every case with less local and sys­

temic reaction.
5. Made possible the implantation and encapsulation of nonirritat­

ing foreign bodies with virtual absence of the dangers of infection
and extrusion.
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CHEST INJURIES

Application of Military Experience
to Civilian Practice

CLAENCE E. GARDNER, JR., M.D., F.A.C.S.°

Tm war has stimulated interest in traumatie surgery and has
enabled surgeons in the military service to crystallize ideas and formu­
late policies in the care of the injured that would have taken years
to develop in civil ian life.
Chest injuries of all kinds have been seen in large numbers in

mi litary hospitals of the various echelons of medica! care during the
war. Our experience in a fixecl hospital in England in the center of
the Eighth Air Force area, where we received fresh battle casualties
from crew members of high altitude bombing missions and plane
crashes, afforded us opportunity to observe a wide variety of these
injuries. In addition, this hospital acted as a chest center for ground
force casualties evacuated from the continent during the latter months
of the war in Europe.

TABLE 1.-RELATIVE. INCIDENCE OF VARIOUS TYPES OF CHEST INJURIES IN

AN ARMY HOSPITAL

Fresh Injuries Chest Evacuated
Pene- Non­ Center Casualties
trating penetrating Casualties

Chest wall a o $ a e o o o 32 31
Pleural cavity ( penetrating) .. 16 74 283
Contusion of lung ........... 6 25
Hemothorax ............... 8 13 32 45
Pneumothorax .............. 3
Hemopneumothorax ......... 6 7 20 18
Traumatic asphyxia ......... 2

Patients covered by this experience ( Table 1) include 128 casualties
with fresh chest injuries, 74 evacuated chest casualties receivecl by the
hospital in its capacity as a chest center, and 283 evacuated casualties
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with chest injuries, many incidental to other more serious injuries,
treatecl in the chain of evacuation of battle casualties from front line
installations. From this experience, and that of others working under
similar circumstances, certain conclusions may be macle which may be
helpful in the management of chest injuries of civilian life.
In discussing chest injuries it is the usual practice to consicler such

injuries uncler two separate and clistinct heaclings, penetrating ancl
nonpenetrating wounds, as though the problems of the two were
foreign to each other. As a matter of fact, with few exceptions the
problems of both types of wouncls are similar ancl it is better to con­
sicler them together.
The principal danger of a chest injury arises from a disturbance

in the cardiorespiratory mechanism which follows the injury. Blood
loss and infection may also be causes for concern, although they are
rarely of significance in civilian injuries.
This disturbance in respiratory function may arise from a wide

variety of combinations of circumstances. In our experience, excluding
injuries to the heart, it most commonly follows any one or combina­
tion of the following conditions: contusion of the lung, loss of stability
of the chest wall, pneumothorax, or hen\othorax. All of these are com­
mon to both penetrating and nonpenetrating injuries.
A cliscussion of each of these conditions plus a brief consideration

of the additional problems. of the open chest wound ( continued
blood loss, retained foreign body, open pneumothorax and infection
iri chest wall or pleural cavity) will include a complete account of
the commoner conditions to be encountered in chest injuries of civilian
practice. Each will be discussed in the light of military experience.
In the recognition of each of these conditions and their changing
ature from hour to hour and day to clay, emphasis should frst be
placed on the importance of frequent bedside x-rays of the chest.
Much can be learned from physical examination, and frequent exami­
nations are necessary. However, their interpretation is too uncertain
ad it is only by combining physical fndings with repeated x-rays
that accurate information on the changing nature of the conditions
present can be maintained.

CONTUSION OF THIE LUNG
Contusion of lung tissue with some degree of laceration commonly

follows injuries to the chest. It is present in all penetrating wounds
of the lung and we found evidenee of it in 30 'per cent of nonpene­
trating injuries from blows, crushig injuries or "bomb blast." It may
be present without rib fracture. Edema and hemorrhage are present
throughout the involved lung parenchyma. Pleural lacerations with
pneumothorax, hemotlorax or both may complicate the lesion. I the
more severe injuries lung tissue is extensively lacerated and bronchi
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are ruptured. At autopsy the lung is dark red and firm in consist
ency. .
If the involved area is not large the only symptom is pain in th

chest and bloody expectoration. If the injury is severe or widespread
serious interference with respiratory exchange may develop because
of widespread contusion of lung tissue and Rlling of the alveoli and
bronchi with blood and tissue fluids.
The syndrome of the "traumatic wet lung," in which fluids in the

tracheobronchial tree are present in such excessive amounts that the
patient may literally drown in his own secretions, is present in pa­
tients with severe lung contusion. Brewer, Burbank, Sampson and
SchifF' have indicated that other factors beside lung contusion may
enter into the picture. These are excessive reflex secretions of bronchial
fluids secondary to trauma, anoxia or tracheal obstruction; and in­
ability to expel fluids from the bronchial tree adequately because of
pain or instability of the chest wall from multiple rib fractures, or
from inhibition of the cough reflex by oversedation or head injury.
Management of this condition is by oxygen administration, relief of

pain by intercostal block which often enables the patient to eliminate
his secretions himself, and by catheter or bronchoscopic aspiration
of blood and secretions in the tracheobronchial tree, if necessary.
It should be emphasized that any patient with chest injury who is

having diffculty in eliminating tracheal or bronchial seeretions must
be given assistance if adequate respiratory exchange is to be main­
tained and atelectasis of lung segments prevented. It may be that
relief of pain by support of the chest or by intercostal nerve blocks
will enable the patient to empty the respiratory passages himself by
coughing. Or changes in posture with frm but gentle fst percussion
over the interscapular region of the back may assist in dislodging
tenacious plugs of secretions which may then be expelled by cough­
ing. If these measures are not effective, passage of a catheter into the
tracheobronchial tree with suction as described by Haight2 is advis­
able. If this is not possible, bronchoscopic aspiration should be prompt.

LOSS OF STABILITY OF THE CHEST WALL

Paradoxical respiration from loss of stabil ity of the chest wall fol­
lowing trauma is not a frequent cause of respiratory distress. When
present, however, its recognition is extremely important as it can
usually be managed quickly and effectively. If left untreated, particu­
larly if it exists with other types of chest trauma, as is usually the case,
serious consequences may develop.
Multiple fractures of several adjacent ribs, or separation of the

sternal plate from the thoracic cage because of multiple fractures of
the ribs anteriorly on each side of the sternum, are the usual cause
for loss of stability of the chest wall and the development of para-
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doxical respiration. In this situation, when th th . · •d d ded :. " 1e 1oracic cage is ele­
vate a",P?P""de as is necessary in inspiration, the detached
segrnent o 1e e 1est wall <loes not elevate b t · lit · k el· o · · l · d 'u m rea y 1s suc em. n expiration this segment, instead of f ¡¡· · · h d
( F. 451) Tl d h ' ª mng m, is pus e outig. . he letached segment moves in oppc vite di t th
l 11 Tl . os1 e 1rec 10n to e

e 1est wa.. he net result 1s a serious impair t )f •
, 1men o respiratory ex-

INSPIRATION

EXPIRATION

Fig. 45l.-Diagrams to show loss of stability of the chest wall following a crush­
ing wound. The detached stemal plate moves in opposite direction to the chest wall
during respiration and produces a paradoxical respiration.

change. The patient is <lyspneic, cyanotic and complains of pain at
the site of injury.

Sorne method of stopping this paradoxical motion of the chest wall
is urgently needed. If the mobile segment of chest wall is not too
large it may be stabilized by strapping with adhesive. If this is not
immediately satisfactory, as is usually the case with separation of the
sternal plate, wires may have to be placed under the separated rib
segrnents and attached to an overhead pulley with weights whicb
will suspend and immobilize this segment.
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Pain is usually relieved by such immobilization, though intercostal
nerve block may be necessary. Oxygen is administered until respira­
tory exchange is normal. As in all chest wounds, frequent x-rays are
necessary to detect the presence of an attendant pneumothorax, hemo­
thorax or lung contusion which may also need teatment.

PNEUMOTHORAX
Air may escape into the pleural cavity from a tear in the lung or a

hole in the chest wall. The lung may be ruptured from a crushino
o

Fig. 452.-Diagrams showing two methods by which pleuropulmonary injury may
follow nonpenetrating injury of the chest by direct blow or crushing injury.

injury with or without rib fracture, or it may be lacerated by the
sharp ends of indriven rib following a direct blow (Fig. 452). Ordi­
narily, unless a tension pneumothorax develops or other chest injuries
are severe, the presence of air in the pleural cavity is not a serious
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complication. If it is causing respiratory embarrassment, the air may
be withdrawn. Otherwise, it ordinarily is rapidly absorbed.
Tension Pneumothorax.-Sometimes a valvelike action at the

pleural tear in the lung allows air to enter the pleural cavity with each
inspiration but not to escape during expiration. Air gradually builds
up in the pleural cav1ty under positive pressure. The lung on the
affected side becomes collapsed, the mediastinum becomes displaced
to the unaffected side and serious interference with respiratory ex­
change develops.

Fig. 453.-Sketch of the method used in releasing air from a tension pneumothorax.

Air must be withdrawn from the pleural cavity promptly if the
patient is to escape death from suffocation. This can be easily accom­
plished by inserting a needle through the second or third interspace
anteriorly and connecting the needle to a finger cot or condom which
has a slit in its end, or to a tube whose end is placed under the sur­
face of a flask of sterile fluid on the floor at the bedside ( Fig. 453) .
If the escape of air has not stopped in forty-eight hours, open thorac­
otomy may be advisable either to remove indriven rib fragments
which may be keeping the pleural leak open or to resect an area of
damaged lung tissue or suture lacerated bronchi. Open operation is
rarely necessary, however.
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Subcutaneous emphysema is commonly present when ribs are frac­
tured. If it is increasing rapidly, the presence of a tension pneum.
thorax must be suspected and a needle inserted into the pleural cavity
with underwater seal, befare generahzed subcutaneous emphysem
develops.

HIEMOTHORAX

Bleeding into the pleural cavity in patient s who survive long enough
to reach a hospital usually occurs either from the lung or from inter­
costal or internal mammary vessels of the chest wall. The dangers
of its presence include acute blood loss, interference with respiratory
exchange, and loss of lung function with possible infection if a mas­
sive clotted hemothorax or a fibrothorax develops.

Bleeding from the lung stops spontaneously as the lung collapses,
while bleeding from the chest wall may have to be controlled at
operation. If the patient is received in shock and the blood pressure,
once restored by transfusion, drops again, the possibility of continued
bleeding from an intercostal or internal mammary artery must be
considered. If blood in the pleural cavity reaccumulates rapidly after
repeated aspiration, the suspected area must be explored, bleeding
vessels ligated and blood and blood clot evacuated. It is surprising,
however, how rarely this complication develops.
The treatment of hemothorax unattended by continued bleeding

has been a subject of controversy in the past. Sorne have advised leav­
ing the blood alone if it causes no respiratory embarrassment.% 4

Others have recommended withdrawing the blood, but onl y after
three or four days, and then replacing it with air in the belief that
reexpansion of the lung would cause bleeding from the lung to begin
again."

As a matter of fact, we have never seen bleeding from a lung recur
after early aspiration of a hemothorax, while we have repeatedly been
impressed by the harmful effect of allowing blood to remain within
the pleural cavity.
Contrary to popular belief, blood which escapes int o the pleural

cavity clots promptly in most cases. As it clots, the churning motions
of heart and lung defbrinate the clot so that fbrin is deposited on
parietal and visceral pleuras and liquid defibrinated blood remains
in the pleural cavity.6• 7 In most instances of small or uncomplicated
hemothorax this defbrinated blood and the fbrin are absorbed with­
out deleterious effect. However, it has been demonstrated that this
liquid defibrinated blood acts as an irritant within the pleural cavity.
The inflammatory exudate which it stimulates contains more fbrino­
gen which causes secondary clotting to occur with deposition of ad­
ditional layers of fbrin over pleural surfaces. Sellors7 has shown that
the fbrinogen content of untapped hemothoraces rises from an initial
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level of zero to a level higher than that in the blood after a week or
so. Increase in pleural reaction with thickening from layered deposits
of fbrin thus may result when blood is left within the pleural cavity.
This harmful effect of leaving blood in the pleural cavity is prob­

ably of greater importance in war wounds where other causes of
inflammation are present within the pleural cavity (foreign bodies,
traumatized tissue, low grade infection), in addition to blood. How­
ever, this effect emphasized the advisability of early and repeated
aspirations of blood in. the hemothorax of civilian injuries as well as
military ones. If air is introduced the only result is an apical collapse
and a more prolonged period of time before expansion of the lung
can be obtained.
As a result of these facts it is now generally agreed among military

surgeons8 0, 10, 11, 12, 13, 14 that a hemothorax is best managed by early
and repeated aspirations in an eflort to keep the pleural cavity dry
and the lung fully expanded at all times. It has been our poliey to
withdraw all the blood that can be obtained beginning twenty-four
hours after the injury ( earlier if it causes respiratory embarrassment).
The volume of blood removed is determined by the patient's reaction.
A complaint of tightness in the chest is taken as an indication to stop
the aspiration. From 500 to 1000 cc. can usually be removed at each
thoracentesis. Aspirations are continued daily or every second <lay
until the chest is dry and remains so.

Clotted Hemothorax or Chronie Fibrothorax.-In most cases
blood in the pleural cavity, though it clots at frst, quickly becomes
liquid as it becomes defbrinated by the action of the lung and heart.
In a small proportion of cases, about 5 per cent, either massive clot­
ting of the blood occurs immediately, or a large accumulation of fibrin
develops later which prevents its removal by aspiration. In the frst
instance, clotting of the hemothorax occurs immediately probably
because of the sudden development of a massive hemothorax, which
completely collapses the lung and thus eliminates the defibrinating
action of its motion (Fig, 454, A). In others, usually as a result of
delayed aspiration, a time is reached about four or five weeks after
injury when massive accumulations of fbrin and isolated pockets of
serum develop within the pleural cavity which cannot be aspirated
( Fig. 455, A). In this latter event, the fbrinogen introduced into the
pleural cavity with the inflammatory exudate caused by the trauma
and retained liquid blood causes a secondary clotting and deposition
of additional flbrin over pleural surfaces. In either event the lung is
crippled and held collapsed and the chest wall and diaphragm are
immobilized by the dense fbrous scar which forms over parietal and
visceral pleural surfaces. .
In the case of a massive clotted hemothorax (Fig. 454, A) the

thorax on the affected side is ballooned out at frst and moves freely
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with respiration. In the case of the chronic :fibrothorax, which develop
after four or five weeks, the affected side of the thorax is smaller and
moves little or not at all on respiration. Intercostal spaces are nar­

B
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Fig. 454.--A, Massive clotted hemothorax in an infantry soldier which devel­

oped on the night of thoracotomy for perforating wound in a feld hospital on the
continent three weeks previously. B, Same patient on day of evacuation of the clot
and decortication showing the three drainage tubes in place. C, Same patient three
weeks after operation.

rowed and the trachea is sometimes deviated to the affected side
(Fig. 455, A).
In. the past these conditions have been poorly understood and

usually badly managed because no one surgeon saw enough of them
to formulate a policy for their management. One of the real contribu­
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tions of military medicine15 • IG has been the development of the ­ti 'f . f . . concept hat il intection in lung and pleural cavity is to be prevented
and if the 1mpnsoned and collapsed lung is to be reexpanded, this

B
Fig. 455.-A, Chronie fibrothorax thirty-five days after multiple shell fragment

wouncls with unrecognized and untreated hemothorax. The apex of the lung is col­
lapsecl, the interspaces are narrowed, the diaphragm elevated and trachea and
mediastinum are displaced toward the aflected side. B, Same patient o day of
decortieation showing the three draiage tabes in place. C, Same patient twenty-five
days after operation.

thickened scar which envelops the lung and coats the chest wall and
diaphragm must be removed. The procedure is called decortication.
lt includes the removal of ali clot, the careful dissection of the thick­
ened pleural scar off the entire lung and the removal of the scar from

,..
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mediastinum, chest wall and diaphragm. The same procedure is used
in cases of infected, clotted hemothorax or fibrothorax.17
The clot and fibrin usually occupy a posterolateral position in the

pleural cavity and extend from diaphragm to apex, being widest at
the base of the thoracic cavity. In order to obtain adequate exposure
for their removal, a long segment of the sixth rib is resected through
a posterolateral incision. On entering the pleural cavity, clotted blood
and fibrin are removed manually. A line of cleavage is developed be­
t:ween visceral pleura and the fbrous scar which encases the lung.
This scar tissue is usually l to 3 mm. in thickness. It is stripped off
the lung by a combination of sharp and blunt dissection using care
not to tear into the lung. The dissection frees the lobes and also por­
tio ns of the lung margins which are often folded back upon them­
selves or telescoped into collapsed segments. The entire lung is freed.
When this is done the anesthetist inflates the lung and the full and
complete expansion of each lobe is demonstrated. The scar covering
diaphragm and parietal pleura is usually at least twice as thick as
that covering the lung. It can usually be peeled off the chest wall with
the finger without difficulty. Its removal is important if full motion
of the chest wall is to be attained. At the close of the operation the
pleural cavity is irrigated with saline solution and 100,000 units of
penicillin left in the pleural cavity.
It has been our uniform practice to drain the pleural cavity far

forty-eight hours after operation. Since one of the main purposes of
the operation is to attain full expansion of the lung and since this
may be defeated by collections of blood or serum or by air which
may leak from tears in the lung which are almost inevitable in the
dissection of the pleural scar, we feel this drainage is imperative
( Figs. 454, 455). We usually use three large tubes, with multiple open­
ings, extending from apex to base and emerging just above the diaph­
ragm. One is placed anteriorly, one laterally and one posteriorly.
Each is attached to an underwater seal. If air escapes and negative
pressure is not attained in each of these tubes an artificial source
of negative pressure is attached to these tubes until the pleural leak
is sealed. This has always occurred by the third day, in our experi­
ence.

The patient is permitted to leave his bed on the second post­
operative day. Chest exercises to obtain full motion of the affected
side of the thorax are begun immediately and rigorously continued
throughout the remainder of the hospital stay.

PENETRATING WOUNDS.

Penetrating wounds add to the conditions already discussed, the
possibility of infection, retained foreign body, or open pneumothorax.
with possibly a sucking wound and mediastinal flutter.
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of the penetrating wounds in civilian ife (ice picks, "switch"
small caliber missiles) will not require operative treatment.
chanics of how a sucking wound produces asphyxia is well
nd the need to clase it promptly is taught in all frst aid
Fortunately this condition is rarely seen in civilian practice.
ound is large or sucking or if ribs are splintered, débridement
hest wall with closure of the pleural cavity is necessary. Mili­
erience has shown that irregular shell fragments larger than
1 diameter and indriven rib fragments should be removed,
retention often leads to infection or hemorrhage. This can
be done through the wound of entrance, unless the entrance
5h the apex, in which case a thoracotomy at the site of elec­
adicated. In civilian practice smooth, small caliber bullets of
an a centimeter in length can probably be left alone with
mless they occupy a position clase to a majar vessel or
s.

SUMMARY AND CONCLUSIONS

ating chest injuries in civilian practice rarely require opera­
tment. The principal problems of nonmilitary thoracic injuries
trauma of the lung, loss of stability of the chest wall, tension
horax, hemothorax, or a combination of any or all of these

appraisal of the nature of these injuries and their progress
r to l10ur or <lay to <lay, frequent bedside x-rays of the chest
ssary.
gnificance of lung trauma, "traumatic wet lung, as a cause
atory embarrassment has been emphasized and its manage­
rified by military experience.
er or bronchoscopic aspiration of blood and secretions from
1eobronchial tree is a valuable therapeutic adjunct in all types
trauma if the patienthas difRiculty in eliminating these secre-
1self.
management of hemothorax, military experience has empha­
need for early and repeated aspirations of blood to keep the
avity dry and the lung fully expanded at all times.
:l hemothorax and chronic fibrothorax have been poorly un­
and badly managed in the past. Military experience has

ized an operative procedure and demonstrated its value m
ses in which the lung is held collapsed and chest wall and
m are immobilized by dense layers of scar tissue which have
:l clown as a response to blood retained m the pleural cavity
periods of time.
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PLASTIC SURGERY OF THE BREAST

KENNETH L. PICxRELL, M.D., F.A.C.S.,° JAMES METzGER, M.D.
AND JAMES B. HOLLOWAY, JR, M.D.}

TH breast in disease is an object of the general surgeon's most
serious concern. In contrast, the correction of various abnorrnalities
and deformities of the breast, in the absence of neoplastic processes,
is a more specialized field lying within the province of the plastic
surgeon, who may relieve the patient of physical disability, discom­
fort and mental embarrassment. To allow a woman to make the best
of hypertrophied breasts, that weigh as much as ffty pounds ( Fig.
456), or lesser abnormalities which may alter her posture, irnpair her

\
\
l: ¡
tlLs.hita
Fig. 456.-Massive gravid hypertrophy of the breasts in a Negress. Any move­

ment was extremely laborious and awkward. Pain was intense and constant. An
overhead traction apparatus was designed to relieve respiratory embarrassment. The
right breast weighed 35 pounds (15.9 kg.); the left weighed 25 pounds ( ll.4 kg.).

attractiveness, lirnit her economic or social opportunity, or destroy
her happiness, is not justifable. The medica! profession in general has
not given full attention to the prevalence and attendant discornforts
of the various non-neoplastic conditions of the breast, and many phys­
icians are unaware of the safe and successful methods of repair
which are available. This may be due, at least in part, to the appear­
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anee in the American literature until the past decade of few .
on plastic surgery of the breast. With the evolution of ,, iele

f . d b h variosurgical procedures for mastopexy, reviewe y Thorek,' and th,
vances in various technics and principles, the operation has de,+. "
from simple removal of excess skin to complete reconstrues{"""
breast. e

COMPARISON OF SURGICAL PROCEDURES FOR THE CORRECTA
OF THE PENDULOUS BREAST N

The two main procedures of choice for the correction of the }
l en.

dulous hypertrophied breast, among the numerous technics appli d
from time to time, are generally considered to be (1) the transa;
tion of the nipple and areola to an elevated position while still attached
to the underlying breast, and ( 2) free transplantation of the de.
tached nipple. In sorne instances, however, it may be impractical
either to transpose or transplant the nipple, and as in the instance of
the case to be described there is no alternative other than the con­
struction of an artificial nipple-a pi·ocedure of necessity. Regardless
of the method of repair utilized for the correction of the pendulous
hypertrophic breast, the procedure should embrace the principles em­
phasized by Maliniak2: (l) preservation of the blood supply of the
breast to prevent necrosis of any part; ( 2) avoidance of extensive
injury to the ducts to preserve mammary function, if it is present;
(3) frm fixation of the reconstructed breast in its new location to pre­
vent recurrence of pendulousness; ( 4) minimization of scarring; and
( 5) reduction of all diameters of the breast proportionately to insure
an esthetic end result. Since no single surgical procedure can be ap­
plied in all cases, these principles must be borne in mind in evaluating
the procedures to be described.
Transposition of the Nipple Through a Buttonhole Incision.­

Transposition of the nipple and areola while attached to the under­
lying breast to a higher position through a buttonhole incision was
originally described by Morestin3 and subsequently adopted witb
modifications by Dartigue,4 Passot,5 Maliniak2 and Lamont.6 A large
flap is made on the anterior aspect of the breast, and all of the skin
is removed from the posterior surface, permitting reduction and
modeling of the breast in all directions. The nipple and areola are
inserted into a buttonhole incision in the anterior flap, and the gland,
around which a circular incision has been made, is firmly sutured to
the pectoral fascia to prevent recurrence of ptosis. Scarring is mini­
mized by suturing the flap into the submammary fold. When the
operation is performed in one stage, there is great danger of necrosis.
To avoid this serious complication, the authors believe that the two
stage operation of Maliniak2 or that of Lamont" is the procedure of
choice since either may be used in the great majority of patients. Both
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Fig. 457.--The Maliniak mammoplasty, a two-stage rnethod for reconstructing
pendulous hypertrophic breasts. A, A suitable position for the transposed nipple is
deterrnined with the patient in the erect position. A circular incision is rnade around
the areola. A concave incision on the anterior surface of the breast extends from the
lateral side of the submammary fold almost to the xiphoid process. B, A heavy skin
flap is separated as far as the second rib. The breast is mobilized, and its upper
portions are fixed to the pectoral fascia. The anterior flap is then brought down
over the elevated breast, and if the predetermined position of the new nipple site
is correct, a buttonhole is rnade here and into it fre transported areola is sutured. C,
The incision on the posterior aspect of the breast is made several centirneters above
the subrnarnrnary fold (A), the chief consideration being the avoidance of tension
on the lines of suture. The second stage of the operation is perforrned severa] weeks
later. The excess skin , fat and glandular tissue are removed through a crescent­
shaped ineision in the submammary fold (C, D).
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methods allow for breast reconstruction with the desired symmetu,
size, and shape. '

The Maliniak operation, involving two stages of reconstruction .
based chiefly on the principle of the preservation of the blood su,,
in the prevent ion of necrosis. Maliniak abandoned the single.$,
procedure because his patients developed areas of slough in the flage
due to circulatory insuficiency. Torsion of the pedicle is a factor k
reducing the blood supply and can be avoided by taking suit abl
precautions against rotating the pedicle as the nipple and gland a4
transposed.

The frst stage of the repair is limited to transposition of the par­
tially diminished breast ( Fig. 457). A suitable position far the trans­
posed nipple is determined by the intersection of the horizontal line
drawn halfway between the clavicle and the elbow and the vertical
line through the middle of the clavicle (Fig. 457, A). This point
determined with the patient in an erect position, is marked with 4

suitable dye, such as a 5 per cent alcoholic solution of brilliant green.
The center of the transposed nipple should never be higher than this
point. At operation a sandbag is placed between the shoulders, and
after aseptic preparation of the feld, a circular incision is made
around the areola, reducing it to approximately 4 cm. in diameter.
A concave incision on the anterior surface of the breast extends from
the lateral side of the submammary fold almost to the xiphoid process
(Fig. 457, A). A heavy skin and subcutaneous flap is separated
superiorly, extending as high as the second intercostal space. The
breast is mobilized, and its upper portions are fxed to the pectoral
fascia with heavy silk (Fig, 457, B). A buttonhole is made, about
1 cm. smaller in size than the originally circumscribed areola, at or
below the predetermined point, and into it the areola is sutured. The
position of the incision on the posterior surface of the breast is deter­
mined in each case by the size of the transposed organ, the chief
consideration being the avoidance of tension on the lines of suture
( Fig. 457, A). As a rule, this incision is placed several centimeters
above the submammary fold. Any reduction of the gland at the frst
operation is limited to the lower pole. The main branches of the
lateral thoracic and the internal mammary arteries are not disturbed.
The external angle of the incision is drained.

The second stage is carried out from four to six weeks later, when
the nipple has "taken" in its new location. The excess skin, fat and
glandular tissue are removed through a crescent-shaped incision in
the submammary fold (Fig. 457, C, D). Maliniak2 states that when
the correction is bilateral, this procedure does not lengthen the sur­
gical period. In the one-stage operation, the corrections are usually
performed separately on each breast, thus requiring two surgical
procedures far completion. If one performs the first stage of the
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operation on each breast at the same time, the repair on both breasts
is fnished together, and the total time required is the same as with
the one-stage method (Fig. 458).
The Lamont mastopexy, though differing in the details of technic

from the operation of Maliniak, is likewise designed to allow mainte­
nance of the circulation. The proposed lines of incision which are
similar to those described, are marked out the day before operation.

Fig. 458.--Virginal hyper trophy. The enlarged breasts caused pain, physical
disability, and embarrassment. The two-stage Maliniak operation was used to re­
construct the breasts. Ali diameters of the breasts were proportionately reduced to
obtain the esthetic result. The scars are located in the inframammary folds. 'The
nipples have normal erectile power.

The patient is placed on the table in semi-Fowler position with the
arms akimbo. A circular incision is made around the areola and from
it another is made perpendicularly upward to the new nipple site
( Fig. 459 A). The skin of the breast is undermined in a thick flap.
The breast, denuded of skin and with its nipple and areola attached,
is pushed up to the desired position on the chest. This allows the
operator an opportunity to evaluate the amount and area of breast
tissue to be removed. Either two or three triangular wedges of tissue
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Fig. 459.-The Lamont mastopexy. A suitable position for the transposed nipple
and the proposed lines of incision are marked out the <lay prior to operation. A, A
circular incision is made around the areola and from it another is made perpendicu­
larly upward to the new nipple site. The posterior incision begins at the inferior
margin of the areola and extends downward to just above the inframammary fold,
where it extends in either direction in the form of an inverted T. The skin of the
breast is undermined in a thick flap. Depending on the amount of breast tissue to
be removed, two or three triangular wedges of tissue extending down to the pectoral
fascia are resected ( B). The breast, now reduced in size, is elevated to the desired
position and fxed to the pectoral fascia using heavy silk sutures (C). A circular or
oval button of skin, previously marked, is removed to serve as the new location of
the nipple, and into it the areola is sutured ( C). The skin flaps are so cut as to ad­

· just themselves to the new size, contour and position of the breast ( D). In instances
of very large breasts or where revision is necessary, the second stage of the recon­
struction is performed several weeks later by reopening.or excising the inframam­
mary incision and making an incision from its center upward to form an inverted
T ( D). Depending upon the amount of breast to be removed, additional wedges
or a crescent are resected. The flaps are trimmed and sutured without tension (E).

1100
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extending down to the pectoral fascia are resectecl. These woun<ls are
closed with interrupted sutures of silk (Fig. 459, B). Three heavy
silk sutures are mserted through the pectoral fascia over the second
rib and carried through the upper poles of the breast, fixing the
breast .in its new position ( Fig. 459, C).

A circular button of skin, previously marked, is removed to serve as
the new location of the nipple which is sutured at the periphery (Fig.
459, D). The skin flaps on either siele are brought around the breast,

l -~·\ ·,sjl)''/ ... ~
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Fig. 460.-A, Asymmetrical pendulous adipose breasts. The Lamont operation
was used to reconstruct both breasts. The frst dressing was performed on the fifth
postoperative day at which time the drains and every other black silk suture were
removed. B, Appearance of the patient on the tenth postoperative day prior to re­
moving the remaining sutures. The horizontal lines of the inverted T incision are
concealed in the submammary fold.

meeting in the center where the excess is excised. Interrupted sutures
of silk are used for the closure. A drain is inserted beneath the flaps.
In instances of very large breasts or where revision is necessary,

Lamont performs the second stage of the reconstruction severa! weeks
later by reopening the inframammary incision and making an incision
from its center upward to the outer edge of the nipple to form an
inverted T (Fig. 459, E). Heavy skin and subcutaneous tissue flaps
are reflected, and, depending upon the amount of breast to be re­
moved, additional wedges or a crescent are resected from the infra­
mammary region. The flaps are trimmed and resutured without ten­
sion (Fig. 460).

)
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Fig. 461.-Right mammoplasty: subtotal amputation of the breast with con­
struction of an artificial nipple. A, A crescent-shaped incision was made anteriorly
over the right breast from the axilla to the xiphoid process. A heavy skin flap was
mobilized superiorly as far as the clavicle. With the breast lifted upward, a second
crescent-shaped incision was made several centimeters above the submammary
fold. Subtotal amputation of the breast was performed, removing ali of the tissue
between the two incisions. The small amount of breast which remained was ad­
vanced upward and fxed to the pectoral fascia over the second and third ribs
using braided silk sutures. Because of the leather-like texture of the nipple, it was
not advisable to use it as a free graft, To create the illusion of the presence of a
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Free Transplant of the Nipple; Construction of an Artificial
Nipple.-This operation, flrst described by Thorek' has been used
also by Updegraff and Adams8 in cases of marked hypertrophy. Tbe
writers have avoided use of this procedure through fear of necrosis
due to the unsuitable character of the transplant advocated8 which,
to provide a suitable effect, should involve the nipple, areola and
muscular tissue. For this reason, the authors do not regard the proce­
dure as one of choice but as one of necessity. In sorne instances, satis­
factory results in the treatment of massive hypertrophy of the breasts
can be attained only by subtotal excision of the enlarged organ and
construction of an artificial nipple. An illustration of this is given in
the following case report.

CASE REPoRT.-Subtotal Removal of Breasts Weighing 54 Pounds (24.5 Kg.).­
A 22 year old married Negro woman was admitted to the Obstetri cal Service of
the Duke Hospital March 6, 1945, at which time she was eight and one-half months
pregnant. She had experienced five previous pregnancies, each of which terminated
in a normal full-term delivery. The first child was bom January 2, 1936. The first
four infants were breast-fed for periods ranging from three to twelve months. The
last child was bom May 6, 1948, and after severa! weeks was placed on a bottle
because of "convenience."

The present pregnancy began in July, 1945, at which time the patient's breasts
were about the "size of a grapefruit or a small head of cabbage." Although there
was some increase in size associated with the progression of the pregnancy, the
breasts <lid not begin to increase rapidly in size until she had reached the seventh
month. Within three to four weeks they then reached tremendous proportions suffi­
cient to incapacitate the patient almost completely and to necéssitate hospitaliza­
tion. An overhead suspension apparatus was designed to relieve the patient of the
great weight. Pregnancy terminated in a normal delivery on March 22, 1945. At­
tempts to aspirate the breasts on severa! occasions during the following week
yielded only 12 to 15 ce. of milk. The patient was ftted with a home-made breast
support and allowed to leave the hospital March 29, 1945. Detailed contraceptive
instructions were given.

An endocrine survey during the patient's hospitalization disclosed no abnor­
malities. It was the opinion of most observers that the breasts would regress in
size during the postpartum period, but that, if this did not occur, plastic recon­
struction of the breasts should be performed within six months. The patient <lid
not retum until December 12, 1945, when she again was about fve months preg­
nant. Her breasts were now even larger than on her previous admission (Fig.

nipple and to obtain the desired contour in reconstruction, a vertical incision was
made in the anterior skin flap up to the approximate position of the constructed
nipple (B). The incision in the submammary fold was then closed, using inter­
rupted sutures of silk placed obliquely so that the lateral flap was drawn medially
and the medial flap laterally when the sutures were tied (C). The vertical limb
was closed next. A "dog ear" to simulate a nipple and areola was then formed by
making a small incision obliquely downward (D). Since this skin is loose, the
pigmentation is deeper and the illusion is quite effective. The specimen weighed
32 pounds (14.5 kg.). The incision healed per primam.

Three weeks later a similar procedure was performed on the left breast. The
specimen weighed 22 pounds ( 10 kg.).
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456). Inasmueh as the breasts were already of great size, and movement 'was
laborious and awkward, operation was decided upon despite the realization th
misearriage would follow.

Operation: Mammoplasty, right breast. Weight of speeimen 32 pounds (14.5
Kg.).-On December 17, 1945, with the patient anesthetized with cyclopropane
and ether, a subtotal exeision of the right breast was performed and followed by
plastie reconstruetion of thc part that remamed. lee tongs were used to ift the
breasts at operation.

A low crescent-shaped incision was made anteriorly over the right breast from
the anterior axillary fold to the xiphoid process ( Fig. 461, A). The vessels in the
subcutaneous tissues were markedly enlarged. The anterior skin flap was then
dissected superiorly as far as the clavicle. vVith the breast lifted upward and for­
ward, a second crescent-shaped incision was made about 3 cm. above the sub­
mammary fold. A subtotal excision of the breast was performed as rapidly as pos-

Fig. 462.-Postoperative photographs taken about seven weeks following sub­
total amputation and reconstruction of the right breast, and about two weeks fol­
lowing the same operation on the left breast ( compare with Fig. 456). The arti­
ficial nipple and areola on the left side are high as compared with the location on
the right. This was due to an error in judgment, which could easily be corrected.
The patient, however, is so pleased with the result that she does not desire any
further operations.

sible. On section, there were many large lobules of hyperplastic tissue, many of
which measured 8 cm. in diameter. The adipose tissue was scanty and occupied
only the spaces between the hyperplastic lobules. Large quantities of clear straw­
colored fluid escaped as the breast tissue was sectioned. The specimen weighed
32 pounds (14.5 Kg.).

Because of the thick leather-like texture of the nipple, it was not advisable to
transpose or use it as a free graft. To create the illusion of the presence of a
nipple and to obtain the desired contour in the reconstruction, the following steps
were carried out. That small amount of breast which remained attached to the
chest wall was advanced upward and anchored to the pectoral fascia over the
second and third ribs with several braided silk sutures. The remaining gland was
trimmed to a mound about the size of two clenched fists. The skin flap was then
brought downward and an indelible mark was made for the approximate position
of the constructed nipple. After the skin flap was incised up to this point (Fig.
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461, B), the flaps were brought toward each other, overlapped, and the redundant
parts removed. The horizontal incision just above the mammary fold was closed
first, using interrupted sutures of silk placed obliquely so that the lateral flap was
drawn medially and the medial flap laterally when the sutures were tied (Fig.
461, C). The vertical limb of the incision was closed next with the same suture
materials. A "dog ear" to simulate a nipple and areola was then formed by mak­
ing a small incision obliquely downward (Fig. 461, D). Since this skin was loase,
the pigmentation was deeper and the illusion quite effective. ·

I-Jistologic sections showed an "extreme degree of adenomatous hyperplasia."
The incisions healed per primam, and the patient was discharged on the sixteenth
postoperative day. The fetal heart could not be heard at this time, although the
patient thought she experienced fetal movements.

Operation: Mammoplasty, left breas t. Weight of specimen 22 pounds ( 10 Kg.).
The patient returned in about three weeks far the operation on the left breast,
and on January 24, 1946, a mammoplasty using cyclopropane as the anesthetic
agent was performed. The specimen weighed 22 pounds (10 Kg.). The same type
of operation was performed as upan the previous occasion. Two days later, a macer­
ated fetus was extruded. The operative incisions healed per primam and the pa­
tient was discharged on the seventeenth postoperative day, February 10, 1946.
Photographs taken several days before discharge (Fig. 462) show the left arti­
fcial nipple and areola high as compared with the location on the opposite side.
This was due to an error in judgment, and although the patient writes that it has
descended to a more normal position, she is so pleased with the present result
that she does not desire any further operative procedures.

VIRGINAL AND GRAVID HYPERTROPHY

While the majoríty of cases of virginal hypertrophy ( Fig. 458) have
their onset duríng adolescence, a similar condition may also occur
during pregnancy ( Fig. 456). Virginal hypertrophy must be distin­
guished from adipose breasts ( Fig. 460). Enlargement of the breasts
due to deposition of fat may occur in cases of pituitary disturbance,
where there is an increase of fat about the hips and in the mammary
glands, but the excessive growth seen in virginal hypertrophy does
not occur.

"Because the end-organ rather than the hormonal functions is at
fault in virginal and gravid hypertrophy, endocrine therapy is unsuc­
cessful."" Surgery, therefore, is the only other alternatíve.

COMMENT

Benign and malignant breast tumors have at least one feature in
common: they are formed by abnormal and purposeless multiplication
of cells previously derived from normal cells. Benign tumors resemble
closely the tissue from which they originate. The cells are arranged
in a relatívely orderly fashion, and although the tumor may attain
great size, it rarely jeopardizes the life of the host except by interfer­
ence with vital functions by pressure. In contrast, however, malignant
neoplasms consist of abnormal cells which may tend to approach the
undifferentíated embryonic type. They are not orderly m growth but
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invade and destroy adjacent tissues or metastasize to different part s
of the body, and finally lead to the death of the patient.

Massive hypertrophied breasts are in most instances comparable to
benign tumors and should be considered and treated as such. The
increased size may be due to enormous deposits of fat, or to marked
proliferation, hyperplasia and hypertrophy of the breast tissue proper
(Figs. 456, 458, 460). Massive breasts not only incapacitate the bearer
but are conspicuous and unsightly. The breasts cause self-conscious­
ness in the bearer, are a source of pain and discornfort, and may cause
scoliosis, kyphosis or lordosis. The excessive perspiration is unpleasant,
and the patients avoid society, become depressed and morose, and an
ensuing psychosis may develop.
The indication for surgical removal or correction of hypertrophied

breasts is just as real and as fully justiflable, especially in young
women, as the indication for many ordinary or well recognized sur­
gical procedures, such as the correction of gynecomastia in the male,
or the reduction in size of an elephantoid extremity due to lymphatic
obstruction. Thorek1 has stated that "the average woman regards
grace and beauty of form as one of the essentials of life. The fact
that thousands of young and middle aged women adopt reducing
diets in order to preserve or restare slimness of figure is proof in
point." Rather than simply to amputate such breasts, it is much bet­
ter to remove them in a manner that leaves a pleasing instead of an
ugly appearance at their site, if this can be accomplished without in­
crease in the risk. Surgical correction of enlarged breasts is indicated
when the hypertrophy leads to a disfguring or disabling deformity
and when there is a reasonable probability that the operation will
restore the affected parts approximately to normal without undue
danger to the patient. The operation is designed to restare physical as
well as psychological balance, and, properly executed, it will accom­
plish these objectives.

CONCLUSIONS

Markedly hypertrophied breasts are, in many instances, compar­
able to benign tumors. Plastic surgical correction is indicated when
the hypertrophy leads to a disfguring or a disabling deformity. Three
methods of reconstructing pendulous hypertrophic breasts are pre­
sented.
The suppression of mammary function is not a contraindication for

reconstruction, as normal function is rarely present in the pendulous
hypertrophic breast.

The authors are indebted to Mr. Elon Clark and Mr. Norrie Parkes for the
drawings; to Mr. Robert Little and Mr. Nealy Webster for the photographs.
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f<OMPLICATIONS OF THORACOTOMY OBSERVED DURING
Ol'EllATJONS UPON THE SYMPATHETIC

ANO VAGUS NERVES

Kvrr S. GnIsoN, M.D., F.A.C.S.°

TocoroMY was considered a hazardous procedure during the
erly years of development of modern surgery. It was usually em­
ployed only for treatment of empyema or of penetrating wounds of th
thora. Iereasing knowledge concerning the physiology of respiration
ad eireulation, and concerning aseptic surgical technic, anesthesia
ad ehemotherapy has gradually decreased the risk of thoracotomy.
Struetures within the chest are being approached with increasing
safetv.
There are several examples of the development of the use of tho­

rncotomy. Difficulties encountcred during early operations on thoracic
portions of the esophagus were studied by Sauerbruch1 in 1905. They
were gradually overcome and Torek2 in 1913 reported the frst resec­
tion of the thoracic esophagus. Graham and Singer3 reported the frst
sueeessful pneumonectomy in 1933. Surgery directed toward the
formation of extra coronary blood supply for the heart was begun iri
1935 by Beck.·1 RienhofP in 1938 reported resection of the pulmonary
plexus for asthma. The larger arteries in the thorax have been suc­
cessfully approached for aneurysm by Alexander and Byron," for mal­
formations of the heart, particularly pulmonary stenosis, by Blalock,7
and for coarctation of the aorta by Gross.8
These and other operations demonstrate the prevalent opinion that

a transthoracic approach to the thoracic viscera is relatively safe.
The operations described above are associated with a possibility of

direct contamination from the esophagus or the lung, or of complica­
tions related to major changes of respiration and circulation. The com­
plications or the risk that might be associated with thoracotomy itself
are therefore not easily determined.
Transthoracic sympathectomy for hypertension (Grimson") and

transthoracic vagotomy for peptic ulcer ( Dragstedt10) are two opera­
tive procedures in which the chance of complications related directly
to thoracotomy might better be evaluated since unrelated complica­
tions are Iess likely. This report deals with the use of these two opera­
tive procedures and particularly with a study of complications ob­
served that seem to be related directly to thoracotomy.

From the Department of Surgery, Duke University School of Medicine, Dur­
nam, North Caroimna.

° Assistant Professor of Surgery, Duke University School of Medicine.
1108
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TOTAL THORACIC AND PARTIAL TO TOTAL LUMBAR SYMPATHEC.
TOMY AND CELIAC GANGLIONECTOMY IN THE

TREATMENT OF HYPERTENSION

Complete removal of the two paravertebral sympathetic chains and
the splanchnic nerves of cats was first described in 1929 by Cannon
and his associates.11 They used two transthoracic operations to remove
the thoracic sympathetic nerves, and a transabdominal approach far
the lumbar chains. Experimental evidence obtained from the use of
this total sympathectomy in normal dogs and in dogs with experi­
mental hypertension"1+ led in 1940 to the use of the two transthoracic
stages and occasionally also the abdominal stage far sympathectomy
of patients with hypertension." The rationale for the use of this opera­
tion has recently been reviewed.14,1»
Fifty-six patients have been treated by total thoracic and partía! to

total lumbar sympathectomy, splanchnicectomy, and celiac ganglion­
ectomy. The thoracic operations are carried out in two stages at in­
tervals of two to four weeks. The operative technic far transthoracic
sympathectomy will be presented in sorne detall to aid evaluation of
the complications of thoracotomy that will be discussed.

Operative Technic.The operation is performed with the patient
anesthetized by ethylene and ether administered through a closed
system with moderate positive pressure. Intravenous saline and blood
are given routinely. The operation is begun by an incision over the
third rib at right angles to the midaxillary line. This is deepened to
permit removal of 4 or 5 inches of the rib. The adjacent intercostal
nerve is resected and the chest is opened by dividing the periosteum.
and pleura of the rib bed. The lung is retracted and the upper pos­
terior wall of the thorax is exposed. The pleura overlying the para­
vertebral sympathetic chain and the upper seven or eight sympathetic
ganglia is then divided. The stellate ganglion and the chain clown to
and including the seventh or eighth thoracic ganglia and also the
upper branches of the splanchnic nerve are freed by dissection. The
bed of the third rib is closed by a continuous double suture of No. O
chromic catgut and reinfarced by interrupted sutures approximating
the divided muscles of the chest wall. Stay sutures between ribs are
not employed. A second similar incision is then used to resect 7 inches
of the tenth rib and expose the lower posterior wall of the thorax.
The sympathetic chain and the splanchnic nerves that were freed
through the upperincision are picked up and dissected clown to the
leve! of the diaphragm. The fibers of the diaphragm about the
splanchnic nerve are split. Traction on the splanchnic nerve brings
the major portian of the celiae ganglion through the diaphragm for
resection. The posterior attachment or rellection of the diaphragm is
partially divided transversely and the diaphragm is retracted down­
ward and inverted. The thoracie paravertebral sympathetie chain is
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then picked up and dissected downward to locate and remove the first
or the frst and second lumbar ganglia. After the sympathetic nerve
and ganglia are removed a No. 32 Pezzer catheter is usually placed
through a stab wound in the midaxillary line between the eighth and
ninth ribs for sterile chest drainage. The defect in the pleura of the
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Fig. 468.-Thoracotomy through the bed of the third rib far removal of the
stellate and upper thoracic sympathetic chain and ganglia is illustrated. The inset
shows the Iocation of the incision and also the location of a second incision over
the tenth rib used to enter the lower thorax. The stab wound far continuous sterile
chest drainage is located just above the lower incision.

posterior chest wall cannot be repaired. The incision in the chest wall
is finally closed using fine chromic catgut. The operation is illustrated
in Figs. 463 and 464.
After operation the Pezzer catheter when employed is attached to

a sterile chest suction apparatus (Fig. 465). The catheter is removed
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on the third or fourth <lay after operation. Intranasal oxygen is usually
used for twenty-four to forty-eight hours. The patients are routinely
turned each hour for forty-eight hours.
One hundrecl ancl eleven thoracotomies for this type of sympa­

thectomy were performecl on fifty-six patients with hypertension. The
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Fig. 464.-The exposure of the sympathetic chain, splanchnic nerve, and celiac
ganglia obtained by thoracotomy through the bed of the tenth rib is illustrated.
This exposure is used for the lower part of the operation for total thoracic and
partía! to total lumbar sympathectomy and celiac ganglionectomy illustrated in
Figure 463. It is also used for those patients in whom splanchnicectomy alone is
elected.

patients and the complications that developed will be presentecl in
two groups. The first group includes nineteen patients who were
treated at the University of Chicago between May 1940 and June
1942. These nineteen will be cliscussed brieB.y since their hospital
records are not now available for detailed study. Their care differed
from the later group in that ultraviolet bactericida! radiation was not
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used in the operating room and chemotherapy employing only sulf
nilamide or sulfathiazole was less frequently employed after ope,
tion. Intratracheal intubation was not employed during anesthesiara-

There were three deaths during the period of hospitalization f
operation. One followed a uremia and pneumoni a that developed¡,
weeks after the first stage of the sympathectomy. Death occurred five

Fig. 465.-The sterile gravity suction apparatus employed during the frst
several days after thoracotomy to minimize complications from pleural effusion
is illustratcd.

weeks later. Two followed a sudden arrest of respiration that occurred
on the third and the ffth day respectively after the second stage. Both
of these deaths occurred in patients who had had repeated episodes
of hypertensive encephalopathy and also two or more cerebral vas­
cular accidents. Autopsy revealed minimal pulmonary pathologic
change. Each brain demonstrated evidence of increased intracranial
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pressure and of advanced atheromatous obstructive vascular disease
of the arteries of the circle of Willis. It seems probable that these
two deaths from abrupt failure of respiration were caused by the
lowered blood pressure and the increased intracranial pressure with
resulting ischemia of the respiratory center. The three operative
deaths among these first nineteen patients seem to be related directly
to the hypertensive disease process and the sympathectomy and not
to the thoracotomy.

Continuous sterile chest drainage was used in all but two of these
nineteen patients. Serious complications related to the use of the
drains did not occur.

Complications that are evidently related to the thoracotomy did
occur. Superficial wound infections developed in four patients. A
localized empyema developed beneath the third rib bed in one. It
required secondary open drainage. Bronchitis with tenacious mucus
and severe dyspnea occurred in five. This precipitated cardiac failure
and acute pulmonary edema in one. Varying degrees of pleural effu­
sion occurred in all patients. Elevation of temperature developed in
many and lasted from severa! days to two weeks.
The second group of the ffty-six patients who were treated by total

thoracic and partial to total lumbar sympathectomy and celiac gan­
glionectomy consists of thirty-seven treated in Duke Hospital since
June 1942. The anesthetic and the technic of operation have not been
altered. Bactericidal ultraviolet radiation as described by Harto,1r
was used in the operating room during each operation. Intratracheal
intubation was employed during anesthesia for the first operation in
three patients, for the second in five, and for both operations in one.
Intravenous saline or glucose and also blood were given during each
operation. As the sympathectomy progressed, blood pressures were
lowered. The reduction reached shock levels in two patients during
the first operation and in twenty-six during the second sympathec­
tomy. In each instance the sympathectomy was discontinued for ten
to thirty minutes to permit recovery and stabilization of pressure and
then completed.
Penicillin was employed prophylactically or therapeutically in seven­

teen patients during the frst several days after each operation. Sulfa­
merazine, sulfathiazole or sulfadiazine was given to ten patients along
with penicillin and to fve who did not receive penicillin. Fifteen pa­
tients did not receive penicillin or chemotherapy. The interval be­
tween the thoracotomies ranged from fourteen to seventy-two days
and averaged twenty-four days.
Continuous sterile chest drainage was employed after each opera­

tion in all but two of the seventy-four thoracotomies in these thirty­
seven patients. There were no complications or significant observa­
tions related to use of the drains in sixty-six thoracotomies or twenty­
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nine patients. The amount of drainage ranged from 100 ce. to 600
and the amount for each operation was usually around 300 e g,]
nificant developments occurred with the drainage of one or the othg
side of the chest in eight patients. One bled during the frst twj,
hours. The drain removed 750 cc. of blood. Transfusion of an equiv.
lent amount was given intravenously and recovery was then un­
eventful. In fve the drain became blocked by a fibrin-like plug. When
it was removed on the third or fourth <lay between 200 and 700 ce.
of serous fluid leaked out through the stab wound. Sterile dressings
were applied and the patients were turned upon that side of the
chest. Drainage ceased after severa! hours. Pneumothorax or infec­
tion of the pleural cavity did not occur. In the remaining two pa­
tients the drain was omitted during the first operation. Effusion oc­
curred in each requiring several thoracenteses with aspiration of
totals of 1400 ce. and 2185 ce. respectively. Because of persistent effu­
sion in one patient the second operation was delayed seventy-two
days. Drains were used after the second operation in these two
patients. Amounts of 400 and 1200 cc. respectively were obtained dur­
ing the frst three days. There was then no recurrence or persistence
of effusion.
There was one operative mortality among the thirty-seven patient s.

This resulted from a coronary occlusion four days after the second
operation. At autopsy the chest drain was sealed by adhesions, with
no free fluid in the pleural cavity of the side of the last sympathec­
tomy. It is of interest that effusion had occurred in the pleural cavity
on the side of the original operation. This effusion measured 400 ce.
The clinical course of the thirty-seven patients has inclicated that

the response to thoracotomy under the conditions described above has
varied. The procedure was well tolerated in twenty-eight as evidenced
by a maximum temperature that was less than 101° F., and a maxi­
mum rate of respiration of less than 30 per minute. Twenty-four of
these patients had a maximum pulse rate that was less than 110 per
minute. The remaining four demonstrated a pulse rate somewhat
above normal befare operation and little increase of rate after it.
Thoracotomy was less well tolerated in nine patients as judged

arbitrarily by temperatures over 101 ° F., or rates of respiration over 30
per minute, or rates of pulse over 110 per minute. The temperature
ranged from 101 º to 103.2º F., the pulse from 110 to 134, and the
respiration from 30 to 40. The averages were respectively: tempera­
ture 101.7° F., pulse 122.7, and respiration 34.2. The elevations lasted
one to ten days, with an average of fve. The major cause of the
elevation of temperature seemed to be residual pleural effusion in six
patients, an asthma-like respiratory disorder in one, a chill in one, and
the coronary thrombosis that ended fatally in one.
In addition, one of the thirty-seven patients developed a super-
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fcial wound infection and another a wound hematoma that became
secondarily infected. There were no infections of the pleural cavity.
Examination by x-ray between and aftér operations revealed sorne
degree of clouding of the costophrenic angle and adherence of the
diaphragm in all patients. Clinically recognizable pneumonia did not
occur. Pleural effusion suffcient to cause some shift of the medias­
tinum occurred in three. Atelectasis with shift of the mediastinum
occurred in one. Three patients developed bronchitis with accumula­
tion of tenacious mucus. This was treated by suction through a Levin
tube passed through the nose into the trachea. Abdominal distention
gave minor difficulty on five occasions.
Each of these patients complained of severe pain on the side of the

operation. This pain was referred along either incision to the midline
in front and often to the upper abdomen. It usually reached its maxi­
mum intensity about a week after operation and then gradually dis­
appeared over severa! weeks. Occasionally it persisted in a moderate
degree for several months to a year.

SPLANCHINICECTOMY WITH RESECTION OF THE LOWER THORACIC
AND UPPER LUMBAR SYMPATHETIC GANGLIA, THE SPLANCH­

NIC NERVES AND FREQUENTLY THE CELIAC GANGLION

During the last two years thoracotomy has been adopted for
splanchnicectomy in those patients with hypertension in whom this
partial sympathectomy seemed indicated. It has been used in prefer­
ence to the retropleural and retroperitoneal posterior or lumbar ap­
proach described by Smithwick'° that had been used earlier. This
affords an opportunity to study the complications of thoracotomy as
employed for a less extensive sympathectomy than that described
above and also to compare the complications with those of the retro­
pleural operation of Smithwick. The transthoracic operation is per­
formed through the bed of the tenth rib. The technic does not differ
from that described above for the second or lower incision of the
total thoracic and partial to total lumbar sympathectomy, splanchni­
cectomy and celiae ganglionectomy ( Fig. 464). Sterile chest drainage
through a Pezzer catheter, however, arbitrarily has not been em­
ployed. Splanchnicectomy has been performed upon nine patients by
this lateral transthoracic approach and upan sixteen by the Smith­
wick posterior lumbar approach.
Splanchnicectomy by Thoracotomy.There were two deaths

among the nine patients. One occurred in a young man with advanced
hypertensive encephalopathy. He had been treated in the hospital for
four months by medica! means and by craniotomy and cerebral de­
compression without improvement. Sudden arrest of respiration from
relatively increased intracranial pressure occurred immediately after
the frst operation. The other death occurred in a patient who also
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had advanced encephalopathy resistant to medica} management. It
occurred nine days after the Rrst operation with evidences of in­
creased intracranial pressure and a cerebral vascular accident. The
deaths are related to the disease and the sympathectomy rather th
to the thoracotomy. Of the remaining seven patients thoracotomyá
well tolerated in three as judged by a maximum elevation of tempera­
ture to less than 101 º F. The remaining four developed an elevation
of temperature over 101 º F. Two of these developed an elevation of
pulse over 110. The rate of respiration did not exceed 30 in any
patient. The interval between operations ranged from thirteen to
twenty-three days, with an average of eighteen. X-ray studies of the
seven patients demonstrated moderate clouding of the costophrenic
angle in six and fluid suffcient to produce shift of the mediastinum in
one.
Infections of the pleural cavity or of the superficial wounds did not

occur. There was no clinically recognizable pneumonia. Two patients
developed mucus in the trachea and cough. Four patients were given
penicillin. Intratracheal intubation was employed during operations
in two patients. Blood pressure was not reduced to shock levels in
any patient. Abdominal distention occurred in three. Each patient
cómplained of pain in the chest wall or upper abdomen.

Splanchnicectomy by Lumbodorsal Approach.-Sixteen patients
were operated upon through the posterior hockey-shaped incision de­
scribed by Smithwick.18 After dissecting free and retracting the heavy
lumbar muscles the twelfth rib was resected and the diaphragm was
detached. The sympathetic and splanchnic nerves were removed from
beneath the pleura and the peritoneum. In one-half of the pati ent s
the celiac ganglia were also removed. Small openings into the pleura
developed during fve operations. The course of these fve patients did
not differ from the others. Ethylene-ether anesthesia and bactericida!
radiation were used during each operation and blood and intravenous
fluids were routinely administered. Intratracheal intubation was em­
ployed for anesthesia in seven patients. The two stages were per­
formed at intervals of ten to twenty-eight days, the average being
seventeen days. Reduction of blood pressure to shock levels occurred
in six patient s during the second stage of the sympathectomy.

One patient died two weeks after the frst operation with uremia.
The reactions of the remaining ffteen will be described. Seven toler­
ated operation favorably as judged by a maximum temperature of
less than 101 º F. Eight developed temperatures over 101 º F. that
lasted three to fourteen days. Of these eight, three developed a rate
of respiration over 30 per minute. Nine of the fifteen patients devel­
oped tachycardia of more than 110. Penicillin or chemotherapy was
employed in eight patients.
To wounds disrupted and became secondarily infected. A hemat-
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oma occurred in another that also developed infection. X-rays after
operation revealed pleural effusion in ali patients. This was su[licient to
produce a shift of the mediastinum in one. Three patients developed
pneumonia. Two others developed bronchitis and severe cough. Ali
of the patients also complained of pain in the lower chest in the
abdomen, and occasionally around the iliac crest. Abdominal disten­
tion occurred in five.

TRANSTHIORACIC VAGOTOMY

The operations described above have all been sympathectomies per­
formed in patients with hypertension. A transthoracic approach for
resection of the lower thoracic vagus nerves and their branches has
been devised by Dragstedt10 for treatment of patients with peptic
ulcer. The therapeutic and physiologic eflects of this operation have
been reviewed by Thornton, Storer and Dragstedt,1" Grimson, Taylor,
Trent, Wilson and Hill,20 and by Moore, Chapman, Schulz and Jones
and need not be discussed in this report. Vagotomy affords an oppor­
tunity to study the complications of thoracotomy in patients who have
peptic ulcer and who do not have hypertension or undergo sympath­
ectomy.
Thirty-three patients have been treated by vagotomy in Duke Hos­

pital since July 1944 without mortality. The operative approach is
illustrated in Figure 466. Anesthesia and supportive therapy were the
same as for sympathectomy except that blood transfusions were not
often used. Blood pressure was reduced to shock levels during opera ­
tion in only one patient. Sterile chest drains were arbitrarily not em­
ployed. Penicillin was used in eleven patients and chemotherapy in
ten. Inh·atracheal intubation was employed during anesthesia in nine.
Two of the thirty-three patients had vagotomy because of tertiary

lues with severe gastric crises. The remaining thirty-one had vagotomy
because of duodenal, stoma or gastric ulcers. In three instances
vagotomy was performed immediately after laparotomy and gastro­
enterostomy and in one after exploratory laparotomy. Since these pro­
cedures may have altered the postoperative course these four opera ­
tions will be omitted and only the remaining twenty-nine vagotomies
will be included in the analysis.
The thoracotomy was well tolerated in thirteen patients as judged

by a maximum temperature of less than 101 º F. Si.xteen patients had
temperatures over 101 ° F. Elevations lasted from two to ten days.
Nine patients had pulse rates of over 110 and seven had rates of
respiration that exceeded 30. Bronchitis with accumulation of thick
mucus in the trachea occurred in six patients. In addition clinically
recognizable pneumonia occurred in five. In three it was located in
the right lower lobe. Accumulation of some fluid in the pleural cavity
on the left side oceurred in all patients. In three it was suflcient to
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produce shift of the mediastinum. Atelectasis was observed by x-ra
on fve occasions. Infections of the pleural cavity or of the opera4,
wounds did not occur. Pain on the side of the operation occurred a4j
persisted several weeks. Abdominal distention occurred but seemed to
be related to the effect of the vagotomy on the stomach rather than
to the thoracotomy.

/
Fig. 466.-Thoracotomy through the bed of the eighth or ninth rib for resection of

the vagus nerves and their branches about the lower esophagus is illustrated.

COMMENT MAND SUMMARY

Certain complications have developed after thoracotomy employed
for sympathectomy or vagotomy. Also certain complications have oc­
curred after the Smithwick retropleural transdiaphragmatic splanch­
nicectomy. A comparison of the complications observed after the vari ­
ous forros of thoracotomy and an analysis of the value of certain
prophylactic measures will be attempted. The complications and their
prophylaxis will be summarized and discussed separately.
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Infection.-Nineteen patients had thirty-seven thoracotomies per­

formed with conventional aseptic surgical technie but without ultra­
violet bactericidal radiation in the operating room. Four developed
superficial wound infections and one developed a localized empyema.
Seventy-five patients had 119 thoracotomies performed using conven­
tional aseptic surgical technic reinforced by ultraviolet bactericida]
radiation in the operating room. One developed a wound infection
and another developed a wound hematoma that became secondarily
infected. Empyema did not occur. Chemotherapy was not consistently
used in either series of patients. It therefore seems probable from this
reduction of rate of infection that ultraviolet bactericida! radiation
during operation is a useful prophylactic adjunct to thoracotomy.
Pleural Effusion.-Varying degrees of pleural effusion occurred

after each of the operations described. Sterile chest drainage ( Fig.
465) was usually employed in thoracotomies for removal of the entire
thoracic paravertebral sympathetic chains, the splanchnic nerves, the
celiac ganglia, and the upper lumbar ganglia. Drainage was arbi­
trarily not employed after the less extensive thoracotomies for splanch­
nicectomy or vagotomy. A comparison is therefore possible between
the complications in thirty-seven patients or seventy-two thoracot­
omies performed with continuous chest drainage for the total tho­
racic sympathectomy and the complications in thirty-seven patients or
forty-four thoracotomies performed without continuous drainage for
splanchnicectomy or vagotomy. Nine of the thirty-seven patients with
drainage developed temperatures over 101 º F. Twenty of the thirty­
seven patients without drainage developed temperatures over 101 º F.
even though thoracentesis after operation was conventionally but not
routinely employed. Among the patients with sterile chest drainage
pleural effusion suffcient to cause shift of the mediastinum occurred
in three in whom the drainage catheters became blocked. Clinically
recognizable pneumonia did not occur. Among the patients without
sterile chest drainage fluid sufficient to cause shift of the mediastinum
occurred in four and clinically recognizable pneumonia in flve. Rou­
tine x-rays demonstrated least accumulation of fluid in the patients
with drainage except for three in whom the drain became blocked.
X-rays demonstrated the greatest accumulation of fluid in the less
extensive thoracotomies performed without sterile chest drainage for
splanchnicectomy or vagotomy. It therefore seems probable that con­
tinuous chest drainage is a valuable prophylactic measure during the
first 2 or 3 days after these varieties of thoracotomy.
It is of interest that varying degrees of pleural effusion also occurred

in the patients treated by the retropleural splanchnicectomy described
by Smithwick. It is possible that open thoracotomy with provision for
continuous drainage may prove preferable to extensive retropleura1
dissection.
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Embarrament of Repiration.Embarrassment oí respiratuo,
during thoracotomy has occurred only occasionally. Intratracheal i .
tubation was employed during operation for twenty of the 156 th
racotomies. On sixteen occasions it was clected by the anesthetist
before operation. On four occasions it was deemed advisable durino
induction of anesthesia or during opcraiion. º
Embarrassmcnt of respiration was of greater significance after oper­

ation. Varying degrees of splintíng or limítation of cxcursion of the
chest wall occurred. This restriction of normal inspiration and expira.
tion was partially responsible for the elevations of rate of respiration
observed. Among the seventy-two thoracotomies in which incisions
through the third and the tenth rib bed and sterile continuous chest
drainage were employed, increase of the rate of respiration over 30
per minute occurred during the first several days after operation in
nine. Among the forty-five thoracotomies in which incisions were
made through one rib bed for splanchnicectomy or vagotomy a similar
increase of the rate of respiration occurred in seven. These increases
of respiratory rate were related to pleural effusion or to pulmonary
disease more than to limitation of motion of the chest wall. It, never­
theless, seems advisable that sufficient time be allowed between stages
of bilateral thoracotomies to permit recovery of motion of the chest
wall of the side of the first operation. Toe average time betv.reen the
thoracotomies using two incisions was twenty-four days and between
the thoracotomíes using one incisíon for splanchnicectomy was eight­
een days. It seems advisable that if complications have occurred after
the first operation the second should be deferred longer than these
averages.
Embarrassment of Circulation.-Embarrassment of circulation

with reduction of blood pressure to shock levels occurred frequently
during thoracotomies for sympathectomy. It seemed to be related to
the extent of the sympathectomy and to the amount of blood lost dur­
ing the operation. Lowering of blood pressure occurred during the
frst stage of the thirty-seven bilateral total thoracic sympathectomies
in two patients and during the second stage in twenty-six. It occurred
during six of the fteen second stages of the transdiaphragmatic
retropleural splanchnicectomies with their associated extensive dissec­
tion of heavy muscles of the back. It occurred in only one of the
splanchnicectomies through a thoracotomy incision and in one of the
vagotomies.
Embarrassment of circulation, therefore, does not seem to be a

majar complication associated with thoracotomy alone. Similarly, ele­
vations of pulse rate after operation seem to be secondarily related to
other complications of thoracotomy or to the vasomotor imbalance
caused by splanchnicectomy. Tachycardia occurred least often after
the more extensive and uniform total thoracic sympathectomy.
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Pulmonary Complications.-Accurate determinations of the exact

nature of the pulmonary complications that occurred after the 156
thoracotomies or the thirty-one posterior retropleural operations for
splanchnicectomy is diflcult. Details of the changes in the lung were
often obscured by fluid. Also chemotherapy was usually given when­
ever elevations of temperature were observed. This interfered with
the development of diagnostic signs. Nevertheless, clinically recogniz­
able penumonia occurred after five of the thoracotomies, These fve
were in patients treated by vagotomy. Interference with the motor
nerves to the stomach and regurgitation and aspiration of gastric con­
tent seems more important in these five than the thoracotomy itself.
It is of interest that clinically recognizable mild pneumonia also oc­
curred after three of the retropleural splanchnicectomies. The pneu­
monias ali responded readily to chemotherapy.
Greater difficulty was experienced with a form of bronchitis asso­

ciated with dyspnea produced by accumulation of tenacious mucus in
the trachea. This occurred after total thoracic sympathectomy in seven
patients, after transthoracic splanchnicectomy in two, and after vagot­
omy in six. It seemed to be associated with pain and splinting of the
chest wall and interference with coughing. Breathing exercises, in­
halation of carbon dioxide, routine turning of the patient, narcotics to
relieve pain, intranasal oxygen, and forced coughing have been em­
ployecl as prophylactic measures. Inhalations of steam, administration
of ammonium chloride, enforced coughing with the operative site sta­
bilized by manual pressure, and when necessary intratracheal suction
through a nasal catheter manipulated into the trachea or through a
bronchoscope have been employed as treatment.
It has not been possible to determine the frequency with which

atelectasis has occurred. The shifts of the mediastinum described have
been attributed to pleural effusion. Massive atelectasis has not devel­
oped. Varying degrees of atelectasis have certainly been responsible
for some of the symptoms observed.
After thoracotomy for operations upan the sympathetic or the vagus

nerves the lung that has been beneath retractors is usually com­
pressed. As a prophylactic measure against atelectasis, positive pres­
sure has been routinely increased toward the end of the operation to
8 or 10 cm, of water. Gentle manual massage of the compressed areas
of the lung then permits re-entry of air so that the dark compressed
areas have a normal appearance.
The routine, prophylactic use of chemotherapy and penicillin when­

ever elevation of temperature was observed is probably an important
factor in the decrease in incidence and severity of the pulmonary com­
plications of thoracotomy. .
Abdominal Distention.-Distention of the abdomen by gas m the

stomach and intestine occurred after seveni of the thoracotomies for
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sympathectomy and after five of the retropleural splanchnicectom·
Distention did not appear immediately after the positive pr""
anesthetic. It is evident that the denervation of abdominal vis,''
cident to the sympathectomies may temporarily interfere with na,,
peristalsis. It is therefore not possible to determine whether the
served abdominal distention is a complication of sympathectomy or
of thoracotomy.
Pain.The most distressing complication of thoracotomy from th

point of view of the patient has been pain. Each of the pati ent s a
scribed in this report have had pain in the chest and many of them
have also had pain referred to the abdomen or to the shoulder and
arm. The pain is usually most intense during the second week after
operation. When bilateral thoracotomies are used it shifts to the side
of the last operation. lt usually lasts many weeks. The ocasional pa­
tient will complain of soreness at times as long as a year or more
after thoracotomy.

The pain is more intense after sympathectomy than after vagotomy.
Since this operation is upon nerves that contain sensory fbers, the
pain cannot be attributed entirely to thoracotomy. Nevertheless, pro­
phylactic measures have been attempted. The intercostal nerve in­
ferior to the incision is routinely excised or avulsed. In some patients
the intercostal nerves adjacent to the incision have been crushed. In
others they have been injected with alcohol. Neither procedure has
effected definite relief. Salicylates, heat, diathermy and psychotherapy
have all been employed as adjuncts to the use of narcotics.

CONCLUSION

Thoracotomy as employed for operations upon the sympathetic and
the vagus nerves has been associated with a relatively high incidence
of occurrence of complications. The incidence may be lowered by
prophylactic measures. Continuous sterile chest drainage seems to be
an important precaution that should be used during the frst several
days after operation. The complications that develop usually are not
serious and can be adequately treated. The evidence would indicate
that thoracotomy may be employed as a relatively safe surgical
procedure.
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SYMPOSIUM ON GASTROINTESTINAL SURGERY

ESOPHAGOGASTROSTOMY FOR LESIONS OF THE UPPER
END OF THE STOMACH AND LOWER END OF

THE ESOPHAGUS

B. NOLAND CARTER, M.D., Pn.D.° AND EDWARD J. MCGrATH,
M.D., F.A.C.S.#

Tr operation of esophagogastrostomy for lesions of the cardiae
end of the stomach and the terminal portian of the esophagus has
been recognized for many years as both a desirable and feasible pro­
cedure, but only by a small group of surgeons. As evidence of this is
the fact that from 1907 until 1940 only twenty successful esophago­
gastrostomies had been reported and these had been performed by
eleven surgeons. The frst such case was reported by Voelcker1 in
1907 and from that date until 1934 four additional cases are to be
found in the literature. The remaining fifteen successful operations
were reported from 1934 to 1940. In the past six years this operation
has gained in popularity and has been extended to include esophageal
lesions as high as the upper third of this organ. At present this proce­
dure is regarded not only as feasible but as the preferable means of
dealing with certain lesions of the esophagus and cardiac portion of
the stomach. Only recently Sweet reported thirty-eight cases in which
esophagogastrostomy was performed. Garlock has reported ffty-fve
cases and many reports of smaller series have appeared.
In the frst four successful cases reported in the literature the opera­

tion was performed by means of a transabdominal approach, but in
the subsequent ones a transthoracic approach was utilized. In our
opinion the latter approach is the superior one and has been employed
in all of our cases. Obviously the transthoracic approach must be util­
ized for operations upan the lesions that occur at a high level in the
esophagus. The great advantage of the transthoracic approach for
those lesions that líe in the cardiac end of the stomach and terminal
portions of the esophagus is the wide exposure and easy access thus
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afforded. With this approach not only can all portions of the organs
involved be readily exposed but the regional lymph nodes can be
visualized and removed. The glands which are involved lie both
within the thorax and in the abdomen beneath the diaphragm. The
former cannot be removed by a transabdominal approach nor can the
Iatter if only the thorax is entered. This point was strongly empha­
sized by one of us' in 1940 in commenting on the Torek operation.
When a transthoracic route is utilized and the diaphragm is widely
opened, one has before him the entire stomach and the entire tho­
racic esophagus, together with the lymph glands along the lesser
curvature and those in the mediastinum.

As indícated above, the operation of esophagogastrostomy was
originally designed for patients having lesions, chiefly carcinoma, of
the cardiac portion of the stomach. Subsequently its indications were
extended to include carcinoma of the lower third of the esophagus
and at present it is considered the operation of choice in dealing with
carcinoma of the esophagus occurring as high as the upper third.
Other indications for esophagogastrostomy may be benign stricture
of the esophagus, large diverticula of the esophagus occurring in the
lower third, and chronic ulcer of the cardiac end of the stomach. In
the latter condition considerable discussion obtains as to whether re­
section of the ulcer-bearing cardia and esophagogastrostomy per­
formed with the remaining portion of the stomach is preferable to a
palliative subtotal gastric resection, leaving the ulcer in situ and rely­
ing on the reduction in gastric acidity to produce healing of the
ulcer. In considering this operation for ulcer of the stomach one must
bear in mind that during the operation of esophagogastrostomy both
vagi are of necessity sectioned. In view of recent experimental and
clinical work on the effects of vagotomy it would appear that bene­
fcial effects might well result in the way of subsequent reduction in
gastric acidity. Following section of both vagi in a series of experi­
mental esophagogastrostomies performed in dogs, considerable diff­
culty with dilatation of the remaining stomach pouch was encountered
in several animals. Similar difficulties in the case of human beings
subjected to the operation have not been evident. However, a Levin
tube has been left in the stomach for severa! days after operation and
this may be responsible for the absence of dilatation.
There are methods of treating benign stricture of the esophagus

other than by an esophagogastrostomy. Among these are repeated
dilatation, a short-circuiting operation, and the formation of an ante­
thoracic esophagus. However, where stricture is limited to one por­
tion of the esophagus and is of considerable extent resection of the
involved area followed by an esophagogastrostomy may be the method
of choice. Similarly, whereas the majority of large diverticula of the
lower third of the esophagus are best managed by resection of the sac
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or by changing its direction, there are instances where resection and
esophagogastrostomy are to be preferred.

PREOPERATIVE PREPARATION

The one lesion for which surgery is imperative is carcinoma, and
this will serve as a type lesion with which to illustrate the applicability
of surgery to this anatomie area. An extensive discussion of the
pathogenesis or clinical symptomatology of carcinoma of the lower
esophagus and cardiac end of the stomach is outside the scope of this
discussion. Certain details of these aspects of the problem, however,
have suficient therapeutic significance to warrant brief reference.
The diagnosis of carcinoma of the lower esophagus and cardiac end
of the stomach depends upon the history, the roentgenologie evidencé
of partial or complete obstruction, and the obtaining by esopha­
goscopy of a biopsy specimen containing carcinoma cells. Since, in this
area, certain functional disturbances such as cardiospasm can and
frequently do present a clinical and roentgenographic pattern indistin­
guishable from carcinoma, the final determining diagnostic factor has
generally been considered to be esophagoscopy and biopsy. Modern
surgical opinion, however, is more critica! than formerly. When a posi­
tive biopsy is obtained, the diagnosis is of course established. Anega­
tive biopsy, however, does not necessarily eliminate carcinoma from
consideration, particularly in early lesions of the cardia and terminal
esophagus. Every thoracic surgeon has repeatedly had the experience
of seeing a patient in middle or late life, in whom a diagnosis of
cardiospasm has been accepted on the basis of a negative biopsy, who
proved at operation to have inoperable carcinoma. We, in this clinic,
share in the opinion of most surgeons familiar with this area, that,
where doubt exists, exploration represents the lesser risk.
Another item of therapeutic importance in the clinical pattern pre­

sented by these patients is the development of early and profound
cachexia, frequently out of all proportion to the extent or duration
of the malignant process. This fact has a double significance. First,
in these lesions, great loss of weight and emaciation do not consti­
tute "prima facie" evidence of inoperability. Secondly, such profound
nutritional and metabolic disturbances should, if possible, be corrected
befare the extensive resection and anastomosis necessary for the eradi­
cation of the malignancy is undertaken.
Largely because of the foregoing considerations, we believe that

there is much to be gained in such patients by the institution of a
preliminary nutrient jejunostomy. The operation is exceedingly simple;
it can be done with local anesthesia; it is attended by practically no
risk to the patient; and it affords the surgeon certain great diagnostie
and therapeutic advantages. Through the short upper left rectus inci­
sion used to perform the enterostomy, it is quite easy to explore the
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T:::¡.-a- .,- -i '"" th~ -u_b-,hrerric Ivmphatic chains can be determined.
2••.·._,eerinal esophagus and cardia the extent
--~ J(:"t.,.:.!...._:.j ~ ,_ ..,_ - - l..il~ \,. -

e::· t.G.: 0:-;;ces:; c..:.::. · e established, at least grossly. \Ve have had severa!
±seci:resiwicha tumor, thought to have been reasonably cir­
c:r.:.. -~-r:2:<:'ct.. w.::s f wid: to hase spread so extensively that practícally
é:c ¿=.::.--e o...:1t,"':e.::-:v.:- "" of the stomach and the greater part of the
zurre±s ere rule¿. Thus, by a simple operative maneuver, a
~.,::.: v,:= ñ,,-:cush· was inoperable was sa,·ed the much more
~--,----~=-·-e -::.:-.:oc,:-tlw--:e- e;~ a wide transthoracic exploration of the thorax
..:.::.il ¿x~e::.. F-;xrilen:nore, wben tbe diagnosis is in doubt-an oc­
.:=--::= .::e JJ.·.c.s: ::r.eg:u1:ntJy encountered when the lesion is at or just
::...:-.c·s, :ri:.e=ilizc: c;r.Jjce-the doubt can be largely resolved by such
..E:tic.TE etirestomach can be palpated directly and, if need
::,~ ,-i.,7.:.tlize0.. B~- im·a!tinating the anterior gastric wall through the
¿·r:J:rra=.at:c lÁatus. tlie sur2:eon can palpate the lower 1% to 2
:::c..fes d ibe terinalesophagus, which is the ''blind~ area, endoscop­
:_c:s ily and rne,...tgenograpbically. 1t should be emphasized that, given
_a patie:ot 40 Years of age or older who develops obstruction at or
abtthegastric inlet carcinoma is the assumed diagnosis until abso­
lutel disroved.
The b¡sic purpose of tbe jejunostomy, however, is to provide a

meaos of restoríng the patient's nutrition to normal as rapidly as pos­
sible. At this lin ic, a Stamm type jejunostomy is used, employing
a ;\O. 12 or No. 14 F. Pezzer catheter placed in the jejunum just
beyond Treitzs ligament (6 to 10 inches). Through this the patient
is fed tbe Scott-Ivy mixture, administered slowly and more or less con­
tinuously by meaos of a Murphy drip. The patient bimself can regu­
late this, if there is too rapid accumulation at any one time. Supple­
mentary vitamin therapy as well as aminoids are also given through
the jejunostomy, as indícated. Additional parenteral therapy can
also be used, of course, but with the intestinal avenue available less
of a burden is ímposed upan the peripheral venous bed, which can
thereby be saved to meet whatever emergencies may arise during
and after the majar operative procedure.
Following the institutíon of the nutrient jejunostomy, every effort

is dírected at rehabilitating the patient's entire physical economy.
He is gotten out of bed immediately and is urged to spend as much
time as possible walking about. Frequent studies are made of his
metabolic status. As guides in evaluating the patient's condition we
use the following tests: complete blood count, hemoglobin and
hematocrit; serum protein, albumin-globulin ratio, and total blood
volume; urinalysis, blood urea nitrogen and carbon dioxide combin­
ing power; and the electrocardiogram, as an index of his myocardial
status. As soon as deficits in these spheres have been relieved, rarely
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a matter of more than ten days, the patient is considered to be ready
for definitive surgery. Seventy-two hours preoperatively penieillin
therapy (15,000 to 20,000 U. every three hours) parenterally and,
unless contrainclications exist, sulfadiazine by the enterostomy, are
started. Finally, it is very desirable that the esophagus above the ob­
struction be as clean as possible and empty, even of saliva, when it is
opened. This is accomplished by Wangensteen suction, applied for
twenty-four to forty-eight hours preoperatively if complete obstruction
is present. Where the obstruction is only partial, the Levin tube is
passed the morning of operation, approximately two hours before the
patient goes to the operating room.

OPERATIVE PROCEDURE
Cyclopropane-oxygen inhalation anesthesia by means of an intra­

tracheal tube is used. When the patient is asleep, intravenous drips
to permit the continuous and, if need be, rapid administration of blood,
are placed in each interna! saphenous vein. We never attempt such
an operative procedure without having drawn and immediately ac­
cessible a mínimum of 5 units ( 2500 ce.) of compatible whole blood.
In addition, unless a blood bank is available, we require that three
or four more known compatible donors be within easy call. WVe prefer
the use of canulas, tied in place, to needle venipunctures. As a fur­
ther safety factor, each drip has .interposed at the cannula a three­
way stopcock, to permit periodic clearing of the cannula and the im­
mediately adjacent vein. The patient is then placed on his right side,
with both arms extended, and strapped in position on the table with
two long strips of 3-inch adhesive tape, one across his hips and the
other over the left shoulder. Sandbags in front and in back buttress
him in this position.

Silk sutures are employed throughout the operative procedure, ex­
cept as otherwise specifcally indicated.
Following careful skin preparation and draping, the skin and pan­

niculus are incised in a long sweeping curve. When the lesion is in
the terminal esophagus or at the cardia, this incision is made only
slightly off the horizontal, from a point just lateral to the spine to the
anterior axillary line. When greater exposure within the thorax is de­
sired because of a lesion higher in the esophagus, the incision is curved
more sharply, posteriorly, to follow the paravertebral line as high
as the leve! of the fourth rib. The skin edges are protected with towels
fastened with Michel clips. Care is taken to secure the greatest pos­
sible hemostasis with the least possible blood loss. The muscles of
the lateral and posterior chest wall are divided individually and
hemostasis is secured by individual control of transected vessels,
rather than by mass ligature. In the longer incision referred to above,
partial division of the trapezius and rhomboid major permits easy



1130 B. NOLAND CARTER, EDWARD J. MCCRATH

mobilization of the scapula, with subsequent free exposure of the en­
tire thorax. We have found the optimum level for entry into the thorax
t be through the bed of the resected eighth rib. Infrequent ly the
senth rib may be preferable. One-inch segments of the vertebral
ends of the adjacent ribs above and below are also resected for mobili­
zation The anesthetist is given a word of warnmg to permit cushion­
ing of the collapse of the lung and the pleura is incised throughout
the entire length of the bed left by the resected nb. The incision is
then opened widely with a mechanical retractor.

Any adhesions preventing collapse and retraction of the lung are
divided and a rapid inspection of the mediastinum is carried out.
The mediastinum is opened widely by incising the inferior pulmonary
ligament and the pleura is reflected off the underlying esophagus.
This structure is then freed from the adjacent pericardium and aorta
and mobilized for 2 to 3 inches above the lesion. Care is taken to
identify, so far as possible, all blood vessels, and to divide them be­
tween clamps or ligatures. Every effort is made to leave all immedi­
ately contiguous lymph nades, and as much of the surrounding areolar
tissue as possible, attached to the esophagus. Almost invariably it is
necessary to include both vagi in this mobilization and in the sub­
sequent resection. About the mobilized segment of esophagus, two
or more tapes are passed to facilitate subsequent handling.
The diaphragm is now widely ·incised radially, from the hiatus

laterally to the costal margin, and the gastroesophageal juncture · fa
freely mobilized. Bleeding from divided diaphragmatic vessels is con­
trolled with transfixion sutures in preference to more easily displaced
ligatures. The matter of whether or not to interrupt diaphragmatic
movement is not altogether settled. In the great majority of instances
a low phrenic nerve avulsion is done befare the diaphragm is opened.
Occasionally, however, we have felt that the elderly patient's post­
operative cardiorespiratory function will be better served with an
active diaphragm. In that case diaphragmatic motion is controlled
for the duration of the operation by injecting the phrenic nerve with
2 per cent procaine solution.
It is now possible to survey both visually and manually the entire

upper abdomen as well as the thorax. Where the lesion arises in the
cardia of the stomach the amount of that organ to be removed is
determined, allowing a wide margin below the malignant growth. An
estimate is made also of the amount of stomach which must be mo­
bilized to bridge the gap resulting from the resection, and tó provide
enough slack, so that in the subsequent anastomosis there will be no
tension whatever on the suture line, even if the diaphragm is per­
mitted to move postoperatively. This is particularly important in le­
sions of the middle third of the esophagus. A small contracted stomach
may preclude the possibility of a direct esophagogastrostomy, an
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eventuality which must be determined before extensive alterations in
the gastric circulation are instituted.
The feasibility of the proposed anastomosis having been demon­

strated, the stomach is mobilized. Following the greater curvature
and the posterior wall, the short gastric vessels and the left gastro­
epiploic vessels are divided between transfixion sutures. Thus the
spleen is cletached from the stomach and can be displaced into the
abdomen, out of the way. This dissection can be continued clown the
gastrocolic ligament almost to the pylorus, to the point of anastomosis
between the right and left gastroepiploic vessels. Or it can be limited
to any desired fraction of this distance, depending upon the length
of stomach needed. Returning to the cardiac area on the lesser curva­
ture, the left gastric artery is divided between transfixion sutures and,
by the procedure just outlined, the lesser curvature is similarly mo­
bilized. At the same time the gastrohepatic ligament is largely excised
together with all regional lymph nodes. The importance of removal
cf lymph nades cannot be overemphasized. Excision of every acces­
sible regional node is indispensable for cure of the patient.
The cancer-bearing portian of the canal is now excised, together

with a wide margin of normal tissue on either side. If the tumor is
gastric, the stomach is divided between Payr clamps well below the
distal limits of the tumor. Where the tumor is well up in the esoph­
agus, transection is carried out between long Kocher clamps at the
esophagogastric juncture. In either instance the entire area is blocked
out with moist pads, to minimize the risk of contamination. The in­
ferior stump is closed over the clamp with a continuous inverting
right angle suture of No. O or No. 1 chromic catgut on a swedged
needle, reinforced by a row of Halstead mattress sutures of medium
silk (No. 000). The proximal stump having been occluded either with
a simple tie or by a suture, the clamp is removed, the end of the tube
is occludecl with rubber protective securely tied, and the tube is tem­
porarily displaced upward out of the immediate operative feld.
The mobilized stomach is now delivered into the thorax for a dis­

tance suficient to meet the following requirements. In the frst place
the superior point of division of the esophagus, and consequently
the leve! of anastomosis, must be well above the farthest extent of
the tumor. Frequently, we have asked the pathologist far an imme­
diate frozen sectionof the proximal end of the resected segment, to
make certain that no tumor has been left intramurally in the esoph­
ageal stump. Secondly, there must be absolutely no tension on the
anastomotic suture line. In fact, those portions of the esophagus and
stomach immediately adjacent to the anastomosis should be quite
slack. Finally, there must be a suficient length of stomach in the
thorax so that subsequent closure of the diaphragm will not drag on
the anastomosis. These criteria having been met, the stomach is tem­
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porarily anchored with interrupted sutures of medium silk to the
periosteum of adjacent ribs. The anesthetist now applies positive suc­
tion to the indwelling Levin tube to make certam that the lumen of
the esophagus is empty. The area is blocked out with fresh moist pads
and the esophagogastric anastomosis is carried out by the following
technic.
An area on the anterior surface of the stomach is chosen as the

site of anastomosis and the esophagus is united to the stomach at
the predetermined level by means of two guide sutures of medium
silk placed at each lateral extremity of the esophagus. By this maneu­
ver the length of the incision into the stomach can be made approxi­
mately equal to the diameter of the esophagus. Toe posterior half of
the esophagus between the guide sutures is then united to the stomach
by a layer of interrupted sutures of medium silk which penetrate the
submucosa of both structures ( Fig. 467, 1). This is the posterior outer
laver. The stomach is now incised as previously planned, the sub­
mucosal vessels being ligated before the mucosa is opened. The esoph­
agus is now divided ( Fig. 467, 2). When the mucosa of the esophagus
tends to retract, as not infrequently happens, two or three temporary
sutures anchoring fhis !ayer to the submucosa are helpful in prevent­
ing such retraction. Toe free posterior lips of the incision in the
stomach and of the esophageal stump are then united by a layer of
interrupted sutures of silk passing through all coats of each organ,
care being exercised to accomplish an accurate coaptation of the two
mucosa! edges (Fig. 467, 3). This is the inner posterior layer. At this
point the Levin tube is threaded into the stomach beyond the anas­
tomosis. The anterior lips of the anastomosis are now approximated
with a row of interrupted Lembert sutures passing through the entire
wall of each organthe inner anterior !ayer ( Fig. 467, 4)-and the
anastomosis is completed with an outer anterior !ayer of interrupted
sutures which include the submucosal coats (Fig. 467, 5). As an
alternative technic, we occasionally use for the entire inner, through­
and-through suture line a continuous right angle suture of catgut
locked at intervals to interrupted sutures of silk. When possible, a
piece of omentum is brought up and tacked over the suture line to
reinforce it. The temporary anchor sutures in the stomach are removed,
ami the anastomosis is allowed to seek its own leve!. The stomach is
then securely anchored to the periosteum of adjacent ribs and ínter­
vertebral disks in such fashion as to provide slack about the anas­
tomosis (Fig. 468). When possible, it is highly desirable to anchor
the esophagus in similar fashion to adjacent intervertebral disks, in
order to provide further insurance against tension on the suture line
(Fig. 468).

The diaphragm is closed by attaching it to the gastric wall with
numerous interrupted sutures (Fig. 468). These should be placed
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Fig. 467 .-1, The esophagus has been resected between clamps, the proximal
one of which has been left in place. A row of Lembert sutures of silk which pene­
trate the submucosa unite the stomach and the esophagus.

2, An incision has been made into the fundus of the stomach and the esophagus
divided just proximal to the clamp.

3, Interrupted sutures of silk unite the stomach and the esophagus posteriorly.
This is the second row of posterior sutures and it involves the whole thickness of
the cut edges.

4, The first row of anterior sutures consists of Lembert sutures of silk and involve
the whole thickness of the stomach and esophageal wall.

5, A row of Lembert sutures of silk complete the anastomosis. They involve the
submucosa of both organs,
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well clown on the stomach to avoid subsequent drag on this organ
by the diaphragm. The remaining free edges _of the diaphragmatu
• · ·on are approximated w1th figure-of-8 sutures of double medium
",{{ eig talen to avoid constriction of the stomach by the new
1. tu' T O Pezzer catheters (No. 16 F.) are threaded through in­na s. w d t . 1 d

t l Stab Wounds one anteriorly an one pos enor y, an thetercosa' · ·h t wall incision is closed tightly. The nbs are approx1mated with
~;:: pericostal sutures of braided silk; the rib bed is closed with
figure-of-8 sutures of double medium silk; the chest wall musculature
is reapproximated anatomically m layers with figure-of-8 sutures; and
the skin is closed with interrupted sutures of fine silk.
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Fig. 468.--The anastomosis has been completed. The united organs have been
allowed to retract to a leve! at which there is no tension and have been anchored
at that point by sutures of silk. The diaphragm has been sutured well down on
the stomach so as to avoid a drag on the line of anastomosis.

With the intercostal catheters open, the anesthetist reinflates the
left lung under positive pressure, following which the catheters are
clamped off and kept that way until the patient reaches his bed, where
they are attached to floor bottles with an underwater seal. If the right
parietal pleura has been inadvertently opened, as frequently happens,
it is imperative that the resulting pneumothorax be evacuated, and
the right lung completely re-expanded. For this purpose a right
thoracentesis is done and the air aspirated while the anesthetist gently
applies positive pressure. It is most important, under such circum­
stances, that the intratracheal tube should not be removed until the
surgeon is satisfied that both lungs are fully expanded. Application
of positive pressure without the intratracheal tube in place carries
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the risk of inflating the stomach with resultant strain on the fresh
anastomosis.
A considerable amount of experimental investigation was carried

out on the technic of the esophagogastrostomy by Carter. Stevenson
and Abbott" in 1941. These investigators performed esophagogastros­
tomies on ffty-two dogs and concluded that the above type of anas­
tomosis was far supenor to that in which the end of the esophagus
was implanted into the stomach ( Fig. 469), as had been advocated
by Meyer," Bircher,' Fischer° and Bengolea." When the latter type
of anastomosis was used, stricture resulted in every instance owing
to the fact that the edges of the stump of the esophagus which pro­
truded into the stomach healed together rather than sloughing away.
This complication had occurred, not only in experimental animals but
also in two instances in which the implant type of anastomosis had

Fig. 469.-The implant type of anastomosis. The open end of the esophagus is
introduced into the stomach. The frst row of Lembert sutures of silk is shown in
B and it has been inverted beneath a second row of similar sutures in C.

been performed in human cases.1° Carter and his associates5 also
found that the use of anchoring sutures in the stomach and in the
esophagus in order to relieve tension on the suture line is a most im­
portant technical step in the performance of an esophagogastrostomy.
When no such sutures were used the instance of perforation at the
line of anastomosis was 89 per cent, when the stomach alone was an­
chored the instance of perforation was 29 per cent, but when both
stomach and esophagus were anchored it was O per cent.

POSTOPERATIVE CARE
Continuous suction (Wangensteen) without irrigation is applied

to the gastric tube as soon as the patient returns to his room, and
is maintained, barring contraindications, through the sixth post­
operative day. Water or 5 per cent glucose in physiological saline
solution is administered by the jejunostomy on the day followving
operation, and the Scott-Ivy mixture, augmented with aminoids and
vitamins, is resumed on the second day postoperatively. Penicillin and
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sulfadiazine are continued uninterruptedly postoperatively until the
need far them is deemed past. Usually, one of the saphenous drips is
left in place for twelve to twenty-four hours after operation in order
that whole blood, plasma or electrolyte solution may be given as
indicated.
Whether or not oren should be administered is determined for

the individual patient by the surgeon and anesthetist jointly. The
eriteria used in making this decision are the presence or absence of
cyanosis or pallar, ability to maintain a clear airway, the state of the
blood pressure ( including pulse pressure), and the quality, rate and
rhythm of the pulse. Aberrations in any of the foregoing are indica­
tions far the use of oxygen. On the other hand, the use of supple­
mentary oxygen may lead to a slowing in the rate and reduction in
the depth of respiration sufficient to induce or aggravate the serious
menace of atelectasis. In elderly patients in particular, atelectasis is
a frequent and dangerous complication. Every precaution is taken to
prevent it, to detect its development and to relieve it. The routine use
of oxygen therapy is avoided. The patient is placed in mid-Fowler's
position as soon as he has fully reacted from the operation and is
turned from side to side hourly far the frst forty-eight hours post­
operatively. Even thereafter he is not allowed to remain in any one
position far any extended period of time. He is urged to breathe
deeply and to cough at frequent intervals, and occasionally inhala­
tions of carbon dioxide-oxygen mixtures are used at intervals to stimu­
late deep breathing. Particularly in the immediate postoperative hours
and as long thereafter as is necessary the trachea is aspiratecl at fre­
quent intervals, transnasally, with mechanical suction. To facilitate
the evacuation of tracheobronchial secretions we have founcl the re­
peated use of aromatic steam inhalations very helpful and, when indi­
cated, bronchoscopy with direct aspiration of each bronchus is done.
Roentgenography on the evening of the day of operation, using a

portable x-ray machine, is in our opinion a wise precaution. It is
especially desirable in those instances in which the right pleural space
has been opened. Any residual pneumothorax may be detected and
promptly evacuated, and any accumulation of fluid is aspirated dry
immediately upan detection. If, in the subsequent period, there is a
tendency far fluid to recur on the right side, we believe it wise to
institute a closed thoracostomy. Finally, while the optimal time at
which to get the patient out of bed is still somewhat controversial,
we prefer, subject to modification by the individual patient's recupera­
tive powers, early ambulation (fth to seventh day) whenever
possible.
Due attention is paid to the patient's cardiovascular-renal status.

We prefer to have at least one electrocardiographice tracing, periodic
blood urea nitrogen determinations, and a daily urinalysis in the post-
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operative period. Blood cell counts, hemoglobin determination and
hematocrit readings are obtained every <lay during the first week
postoperatively, and indicated therapy is promptly carried out.
On the seventh postoperative <lay the patient is given 1 ounce of

water by mouth, hourly, with the gastric suction tube open. Chest
pain, temperature and pulse rise, failure of the water to return through
the gastnc tube or the appearance of the water in the thoracostomy
tubes are ali strongly suggestive of a leak in the anastomosis. Should
such unpleasant signs develop, the oral feedings are discontinued for
three or four days. If, however, all is well at the end of twenty-four
hours, the gastric tube is clamped off but left in place, and the hourly
ounce of water by mouth continued. At the end of another twenty­
four hours the tube is removed, and during the next week the patient
is advanced as rapidly as possible through a gastrectomy diet. Simul­
taneously, the jejunostomy feedings are progressively discontinued
and the jejunostomy tube removed by simply pulling it out. Toe
wouncl heals spontaneously within three days to a week. Provided
there is no drainage the thoracostomy tubes are removed on the ninth
or tenth <lay. Before the patient leaves the hospital, we have found
it instructive to have an x-ray visualization of the upper gastro­
intestinal t.ract with thin barium.

REPORT OF A CASE

The following is the case report of a patient recently seen, illus­
trating a specifc application of the foregoing discussion.

CASE 45-9035 JH.-Mr. J. C., a patient of Dr. Nathan Kursban, was a 69 year
old white farmer who was admitted to the hospital on December 19, 1945, be­
cause of inability to swallow even liquids. The patient's troubles with regurgita­
tion of ingested food were of six to seven years' duration and had been ascribed
to a diaphragmatie hiatus hernia for which he had refused to be operated upon.
During the year preceding hospitalization, however, swallowing had grown pro­
gressively more difRcult and on the day before admission to the hospital he was
unable to swallow even water. The patient weighed 137 pounds, and was said by
his family to have lost "a considerable amount of weight" in the preceding year.

Physical examination contri buted little of significance. The patient carried his
years well. There was evident recent weight loss of moderate degree. The lungs were
moderately emphysematous but otherwise clear. The heart was not remarkable.
There was no evidence of palpable metastases in the peripheral lymph nodes or
in the liver. Blood pressure was 194/84, pulse 90 and regular. Temperature 99° F.
Laboratory studies: hemoglobin 6.8 gm., red blood cells 4,200,000, white blood
cells 6,800, differential normal but with marked hypochromia, anisocytosis ancl
poikilocytosis of the red cells; serum protein 5.82 mg.; urinalysis not remarkable;
blood urea nitrogen l4 mg.; electrocardiograms (2) failed to demonstrate any ab­
normality.

Roentgenographic visualization of the upper gastrointestinal tract with a barium
meal was reported as follows: "There is a definite constriction ( in the esophagus)
about 2 inches long, just distal to the midpoint. The upper end is cone-shaped
and the constricted portion fairly regular and smooth. The stomach and duodenum
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are in normal position and are of normal size and shape except for some spasm
and an apparently inconstant irregularity of the duodenal bulb. On December 2g,
1945, esophagoscopy was performed under pontocaine topical anesthesia and at
distance of 13 inches from the incisor teeth an obstruction was encountered in the

f a fungating, ulcerated, necrotic, bleeding mass, from which sections were
removed for biopsy. These were reported by the pathologist as epidermoid car.
einoma of the esophagus. On December 26, 1945, a nutrient jejunostomy was es­
tablished. Examination of the liver and upper abdomen failed to reveal any evidence
of metastases in tllis vicinity.

After adequate preparation the patient was explored transthoracically on January
5 1946 and the obstructing lesion identified. There was no evidence of lymphatic
involvement within the thorax. The patient had the previously described hiatus
hernia, together with a congenitally short esophagus, so that the stomach extended
into the chest for a distance of about 2 inches. The aforernentioned constricting
mass in the esophagus lay about 1 inch above tlle esophagogastric juncture, thus
placing it roughly 2 inches below the inferior border of the aortic arch. The phrenic
nerve was anesthetized with 3 ce. of 2 per cent procaine, immobilizing the diaph­
ragm which was then opened widely. A survey of the upper abdomen confirmed
the fndings at the time the jejunostomy was established. Utilizing the technic
described heretofore, the stomach was mobilized and tlle gastrohepatic ligament
excised. The cancer-bearing portion of the esophagus was resected and an esoph­
agogastrostomy carried out just below the arch of the aorta.

Postoperatively the patient <lid exceedingly well. He had a rectal temperature
of 103º F. for two days postoperatively, following which it dropped to 100º to
101 º F., witl, a commensurate pulse. On the ninth postoperative day the patient
was given water by mouth, 1 ounce hourly, but after the second ounce of water
he experienced a pain radiating across his left chest followed shortly by a chill
and a temperature rise to 104° F. Oral feedings were discontinued immediately.
There was considerable question as to the cause of this episode. Among other
things due consideration was given to tlle fact tllat tlle patient had been receiving
penicillin for nine days. This was discontinued and his temperature gradually sub­
sided to normal. Water by moutll was again started on the ffteenth postoperative
<lay and was continued without untoward incident. The nasal tube was removed
on the seventeeth day and oral feedings advanced while jejunostomy feedings were
gradually discontinued. The patient was gotten out of bed on the seventeenth post­
operative <lay and the jejunostomy tube was removed on the twenty-third post­
operative <lay. He was discharged on the twenty-ffth postoperative <lay. Visuali­
zation of the reconstructed esophagus with a barium meal just prior to discharge
revealed a completely patent esophagogastrostomy.

The patient has been seen repeatedly since discharge, and on the last occasion
prior to this report, which was four months postoperatively, was doing very well.
He had gained 20 pounds in weight, was eating everything without diffculty, and
had regained his strength suffciently to drive his own car for a distance of 50
miles from his home to the clinic.
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THE SURGICAL TREATMENT OF BLEEDING PEPTIC ULCER

M. M. ZINNINGER, M.D., F.A.C.S.°

Tn surgical treatment of bleeding peptic ulcer is far from stand­
ardized, and marked differences of opinion exist as to the bestmethod
of treating this complication. In general, it is agreed by surgeons that
a patient with an ulcer which has caused severe, recurrent hemorrhage
should be treated by operation in an interval after bleeding has ceased
and the patient has recovered from the effects of loss of blood. This
is particularly indicated when other symptoms of ulcer are present,
such as pain or vomiting. Ideally, the operation in such cases consists
of excision of the ulcer with partial gastrectomy." While such a pro­
cedure does not remove permanently all possibility of future bleed­
ing, it <loes reduce both the likelihood of its occurrence and its serious­
ness if it does occur. That operation should be performed in such cases
is indicated by the well established fact that the mortality from bleed­
ing ulcer increases with repeated hemorrhages and with the age of
the patient.
Regarding surgical intervention during the bleeding episode there

is considerable disagreement. In spite of reduction in mortality in
recent years as a result of improvement in conservative or non­
operative treatment, it is well known that sorne patients still bleed
to death from thei.r ulcers and the question naturally arises as to
whether sorne of these deaths could not have been prevented by an
operation consisting of ligation of the vessel or vessels or resection
of the ulcer during the episode of bleeding. It has been clearly estab­
lished that this can be done in sorne cases in which the surgeon has
been willing to operate on an almost exsanguinated patient. It seems
almost equally obvious that, if this method were used in a large per­
centage of all cases with bleeding, a fair number of the patients would
succumb to the operative procedure. As a matter of fact, it is generally
stated that the mortality rate is higher with operative than with non­
operative treatment. It must be recalled, however, that the statistics
quoted in support of such a statement usually will not stand critical
analysis, for they often represent the operative mortality of patients
who have failed to respond to nonoperative treatment and are
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operated upon as a last resort. They cannot in fairness be compared
with the whole group of nonoperated patients. It is interesting to note
that those who most vrgorously oppose operative treatment are often
those who have given it inadequate trial.

If it were possible to predict with any degree of certainty at the
beginning of an episode of bleeding which patients would cease
bleeding and recover, and which would bleed unt il death ensued
it would then be possible to operate only on the latter group, early
in the course of bleeding, with the confident expectation that in some
of them the bleeding could be stopped and the life of the patient
saved. Unfortunately it is not possible at the present time to be sure
what the outcome of an episode of bleeding will be, and therefore
it becomes necessary to arrive at the best estímate possible on the
basis of certain information plus past experience with other cases.

DIAGNOSIS

When one speaks of bleeding from ulcer, there is generally implied
a hemorrhage of sorne magnitude, suflcient to cause rather striking
clinical symptoms. These symptoms and signs vary somewhat depend­
ing on the amount and rapidity of blood loss, but in general consist
of a feeling of weakness, dizziness or faintness, with rapid, weak pulse
and often other signs of shock. There may be nausea with vomiting
of bright red blood, or blood-tinged fluid, the amount of which is
usually overestimated by the patient or the patient's family. Often,
also, there is urgency of defecation which occurs at about the same
time as the vomiting. Not infrequently the patient may actually faint
during or fa llowing the attack of bleeding. The stools may be tarry
far a period of days thereafter , while in very rare instances recog­
nizable red blood may pass in the stools during the bleeding episode.
Symptoms such as those just described, occurring in a patient with
known gastric or duodenal ulcer, are sufficient to justify the assump­
tion that the bleeding is coming from the ulcer. In a general hospital
practice, however, in which patients present themselves with such
signs of internal hemorrhage but without any record or history of
their preceding physical status, the question of the origin or site of the
bleeding may present a majar diagnostic problem. Often the patient
is too ill far careful history taking ar complete and thorough exami­
nation.
The most frequent cause of serious bleeding into the upper gastro­

enteric tract which may be confused with bleeding peptic ulcer is
undoubtedly rupture of esophageal varices which are secondary to
cirrhosis of the liver or portal hypertension. Other common causes are
diffuse gastritis with oozing from the mucosa, bleeding carcinoma or
benign tumor, hemorrhagic disease, and aneurysm eroding into the
esophagus or duodenum.
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When a patient is seen with vomiting of blood and the signs and
symptoms of bleeding into the upper gastroenteric tract such as have
just been described, but about whom no previous history is availab]e
these possible causes should be considered and an attempt made to
establish the true diagnosis. One mighttry frst to elicit a history from
the patient or his family of the known presence of an ulcer, or a story
suggestive of ulcer. If this is negative, the next attempt probably
would be to look for evidence of cirrhosis of the liver such as mild
jaundice, spider angiomas, enlarged liver and spleen, dilated ab­
dominal veins and the like. In addition to routine blood studies, deter­
minations of the prothrombin time and blood urea nitrogen should be
made. If the patient is in shock, a transfusion of whole blood should
be given slowly. Further studies may then be indicated. These might
include fluoroscopy to determine the presence of an aortic aneurysm,
an attempt to demonstrate esophageal varices by the Valsalva technie,
and study of the stomach and duodenum by the Hampton technic.'
Although one does not elect to make these studies with a very ill
patient, one should not hesitate if the need for differential diagnosis
seems to be suficiently important. We have never seen harm come
from a carefully performed examination of this sort, while on severa!
occasions bleeding has ceased after barium study, and for this reason
we do not regard the examination as hazardous. Many times an ulcer
which has only been suspected, has been demonstrated by barium
study, though at times incorrect information has been reported. Fail­
ure of correet findings is inherent in the procedure, which is limited
in its application, but if these limitations are appreciated it may at
times prove very helpful. The most frequent sources of error have
been reporting the presence of duodenal ulcer when one did not exist,
and failure to demonsb·ate a gastric ulcer which was subsequently
proved to be present.

CRITERIA FOR OPERATION
If ulcer is shown to be present as a result of these studies, or if

it is known to be present as a result of previous knowledge of the
patient, it is my belief that the question of prompt operation should
now be considered. The decision for or against operation needs to be
carefully judged in each individual case. If the bleeding is moderate,
and if it apparently ceases promptly, the patient is watched and
treated by nonoperative measures. However, if the bleeding is mas­
sive, if it apparently continues, or recurs shortly after having once
stopped, and particularly if the patient is in the older age group (i.e.,
60 years of age or older) operation should be performed after ade­
quate blood transfusion.
Befare considering in detail the criteria we use for determining

whether operation should be performed, it would be well to review
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some of the important pathologic aspects of bleeding ulcer. Perhaps
the most frequent site for bleeding ulcer is the posterior wall of the
Brst portion of the duodenum, the ulcer having eroded one of the
branches of the pancreaticoduodenal artery. If the gross specimen is
examined, there IS usually found a segrnent of artery exposed. with
an opening in its side which is partly or completely plugged with a
clot of blood (Fig. 470). The artery has a sclerotic wall and is held
firmly in the scar tissue in the base of the ulcer. At times the artery,
especially if it be small, IS completely divided and the two ends can
be seen, each blocked at least in part by blood clot. Whether the artery
is completely or incompletely divided, it is still impossible for retrac­
tion to occur because of the fxation of the vessel or vessels in scar
tissue, so that one of nature's most efficient mechanisms for stopping
bleeding from an open artery cannot function; that is, retraction of

Fig. 470.-Ulcer of stomach with erosion in side of artery plugged with clot.
Autopsy specimen.

the artery with contraction of the open end. The only way for bleed­
ing to cease is for the blood pressure to drop and the opening in the
artery to be plugged by clot. Recurrence of bleeding may develop
when the clot is digested or liquefed. The ulcer may of course líe in
the stomach or in the superior or anterior wall of the duodenum.
In my experience, ulcer of the stomach which bleeds will frequently
prove to be a carcinomatous ulcer. Ulcers on the anterior wall of the
duodenum seldom are the site of fatal bleeding. A number of patients
on whom I have operated during a free interval after two or more
previous massive hemorrhages have had an ulcer or scar of an ulcer
in this location, often almost completely healed at the time of opera­
tion. Unfortunately one cannot tell from the roentgenologic appear­
ance of a duodenal ulcer whether it is on the anterior or posterior
wall, so that the fact that ulcer of the anterior wall is less likely to
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lead to fatal hemorrhage than one on the posterior wall is of Iitle
practica! value.
In deciding upon the plan of management of a pati~nt with bleed-

ing ulcer, it is important to have methods of evaluatmg the amount
of bleeding and whether it is contmumg or has recurred once it has
stopped. The clinical signs of concealed hemorrhage, such as shock,
pallar, sweating, and weak, rapid pulse, may be all that is needed to
make a diagnosis. The blood pressure should be taken at regular
intervals and charted, as a sudden drop may signa! recurrent hemor­
rhage. Blood counts, hemoglobin and hematocrit determinations
should be obtained and repeated, as they may give indications not
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Fig. 471.-Chart showing known number of gross hemorrhages and mortality rate
( after Goldman).

only of the extent of the bleeding but of the need of blood trans­
fusion. One important method of estimating the amount of blood loss
and also of continuation or recurrence of bleeding is to determine the
blood urea nitrogen. Schiff" has shown that the digestion of blood in
the gastrointestinal tract leads to elevation of the blood urea nitrogen
proportional to the amount of blood. It is possible therefore by making
determinations every other day to get an estímate not only of the
amount of blood loss but also of continued or recurrent bleeding,
since the blood urea nitrogen remains elevated for only twenty-four
to thirty-six hours from one episode of bleeding. It is desirable to
obtain blood for the blood urea nitrogen determination as soon as the
patient reaches the hospital and every other day thereafter.
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It has been demonstrated conclusively that the age of the patient
and the recurrence of bleedmg are important considerations in evalu­
ating the danger of fatal hemorrhage. Patients under 45 years of age
rarely bleed to death, while patients over 60 show a higher incidence
of fatal hemorrhage. It is presumed that sclerosis of the arteries ac­
companying increased age is an important factor. In Goldman' s"
series of 349 cases the average age of the patients who died was 54
years. Allen and Benediet' found in 138 cases that the average age of
those patients who died was 56.4 years, and of those who recovered
41.8 years, a differential of l5 years. In this connection they point
out that the age of the patient seems to be more important than the
duration of symptoms. Death from the frst hemorrhage is quite rare
but with each succeeding hemorrhage the danger of a fatal outcome
rises. Goldman, for example, found a sharp rise in mortality in his
series with repeated hemorrhages, especially in those with two severe
hemorrhages, as is shown in a reproduction of his chart ( Fig. 471).

PLAN OF MANAGEMENT

In the management of patients with massive bleeding from ulcer,
the following plan is recommended. The patient is put to bed, given
nothing by mouth, if he is vomiting, otherwise sips of water or cracked
ice. The blood pressure is taken, as is blood for count, prothrombin
time and blood urea nitrogen determinations, hematocrit, and blood
typing. If the blood pressure is below 100 systolic a blood transfusion
is given promptly. An evaluation of the cause of bleeding is made as·
quickly as possible, by history, review of previous fndings if these
are available, and by physical examination. Conservative treatment
is continued if the bleeding ceases and the general condition remains
good. This consists of rest in bed, and a Meulengracht diet. Further
laboratory studies, x-rays and other examinations are made as indi­
cated. The most urgent indication for early operation is failure of
bleeding to cease, or its recurrence if it has temporarily ceased. Often
a patient will apparently do well, only to start bleeding again after
a lapse of severa! hours to half a day. With such recurrent bleed­
ing, operation is considered or actually carried out unless in the mean­
time satisfactory evidence is obtained that the bleeding is due to sorne
cause other than ulcer. A tube is passed into the stomach, blood trans­
fusion is carried out continuously and the patient is taken to the
operating room.
Usually patients who bleed can be placed into one of several groups

as follows: •
l. Patients with known chronic gastric or duodenal ulcer who bleed

seriously while under treatment. I believe that patients in this group
should be operated upon promptly, either during or immediately fol­
lowing the hemorrhage.
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2. Patients with duodenal ulcer who have previously been operated
upon, and who now experience serious hemorrhage several years late.
In most instances the bleeding will be from a gastrojejunal uleer.
Unless bleeding continues unchecked, conservative treatment would
seem to be the method of choice in this group, as the operation is
likely to be complicated and it is unlikely that it could be performed
quickly or safely. However, if bleeding persists, even in this group
operation may be necessary. . . . .

3. Patients who are admitted without any information available
as to previous ulcer, and in whom the source of bleeding is not kown.
Here caution is necessary and studies to determine the source of
bleeding should be instituted. If chronic penetrating ulcer can be
demonstrated, I believe prompt operation is indicated.
4. Patients with bleeding in addition to sorne other complication

such as perforation or obstruction should be operated upon promptly.
The mortality in this group is high, but sorne patients can be saved
by operation.

5. Repeated severe hemorrhages recurring in any of the above
groups may make operation advisable, unless a definite diagnosis can
be made that the bleeding comes from sorne condition other than
uleer. Failure to prove the existence of ulcer is not a contraindication
to operation. The danger to life with repeated hemorrhage is greater
than the risk of exploratory laparotomy.
The type of operative procedure will vary with the individual case,

though excision of the ulcer with partial gastrectomy is the method
of choice, if the condition of the patient permits a procedure of this
magnitude. With gastric ulcer, ligation of the vessels around the ulcer,
from outside the stomach, may be suffcient. I have used this method
successfully in two critically ill patients. With duodenal ulcer, liga­
tions outside the bowel wall alone are insufficient, because of the in­
tricate anastomoses and the inability to reach the vessels entering
posteriorly from the pancreas. Successful control of hemorrhage in
such cases may be obtained by opening the anterior wall of the duo­
denum and placing a deep suture of catgut through the ulcer bed
around the bleeding point, followed by closure of the duodenum or
resection. Bleeding from diverticula and from benign or malignant
tumors usually requires resection of these lesions. In duodenal ulcer,
in which exposure is exceedingly diffcult or hazardous, an operation
of the Devine exclusion type has been suggested, but I have had no
personal experience with this method and cannot recommend it.
In general the method of management I have used is as follows:

The patient is brought to the operating room with a transfusion of
blood running. A tube is placed in the stomach so that fresh bleeding
can be detected by suction on the tube. Cyclopropane and oxygen
with or without ether by intratracheal tube is the anesthetic of choice.
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An upper transverse abdominal incision is made. Inspect· d 1. ·11 11 h th l uon an pa -
pation wu uU"/' """ e location and nature of the lesion. ÍF i
is in the stomacl, an there is no fresh bleeding as id ·d b

d f tl b . h ev1 ence y
bloo rom he tu e m the stomach, a gastrectomy accordiny to the
usual techmc can be carried out (Fig. 472). If the lesi _g · thd ·t · 11 . on 1s m e
duodenvum +t is usual"Y ,",o oven the duodenum ad make sure
that t ere 1s no active ee mg. If there is, it can usually be con-

b
trollde? by p:essure º1:' hthehblefieding point with a sponge on a clamp,
y lirect pressure witl t e nger, or by passing a deep suture. In

most mstances after the bleeding has been stopped with the tr ­
f . . th dº . f th , ansus1on runnmng, 1e con ition o e patient improves and resection
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Fig. 472.--Drawing of specimen after resection. Gastrie ulcer with eroded vessel.

can be carried out, the patient leaving the operating room even after
severa! hours of operation in better condition than when he arrived.
On the other hand, if the patient is not doing well, or is not improv­
ing, the duodenum is closed as soon as the bleeding is controlled and
fue operation is terminated as quickly as possible.
If resection is done, the base of the ulcer may have to be left in

situ as a granulating wound, the duodenum being removed distal
as well as proximal to it (Fig. 478). Closure of the duodenal stump
may be rather difficult in such cases. If the posterior wall can be
mobilized the usual closure can be used. The method I prefer is to
clamp the bowel with a Kocher clamp, divide it with the cautery and
obtain inversion of the crushed end with a continuous right angle
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suture of No. 00 chromic catgut in two layers. If the posterior wall
cannot be mobilized, this may be impossible. In such instances the
anterior wall should be freed as much as possible, after which a right
angle continuous suture can be placed, using the scarred fbrotic pan­
creas for the posterior line. This usually leads to incomplete inversion
and needs a row of mattress sutures of silk between the anterior
duodenal wall and the scarred, fibrous pancreas to secure adequate
closure. It is important that a few carefully placed sutures be used,
rather than many poorly placed ones, as a multiplicity of sutures may
impair the circulation and lead to leakage. After closure of the duo-

Fig. 478.-Bleeding duodenal ulcer. Partial gastrectomy leaving base of ulcer on
pancreas.

denal stump, resection of the stomach can be carried out in the usual
fashion. IF it has been necessary to leave the base of the ulcer in situ,
severa! soft cigarette drains are placed clown to it and the abdomen
is closed with through-and-through wire sutures.5
If the lesion is in the stomach and bleeding is continuing, one may

either ligate the vessels on the outside of the stomach or open the
stomach and ligate the bleeding point from within and then proceed
with resection. I have had no experience with the Iatter method, but
doubt that with it it would be very easy to accomplish satisfactory
control of the bleeding.
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In case laparotomy is done when neither ulcer nor tumor is pres­
ent, the surgeon may be in doubt as to how to proceed. The frst
thing to do is to feel for any abnormalities. If none are found th
bowel should be carefully inspected to determine the highest lel 4«
which blood can be seen in the lumen through the wall as evidenced
by a purplish-blue appearance. If this is not helpful in locating the
lesion, the stomach may be opened to see if there is blood in its lumen
and to inspect and palpate its mucosa as well as that of the frst
portion of the duodenum. There may be found diffuse oozing from
the gastric mucosa, evidence of an acute gastritis. In such an instance
closure of the stomach and abdomen should probably be done al­
though some surgeons have recommended partial gastrectomy for this
condition. In most instances in which nothing abnormal can be felt
from outside the stomach or duodenum, it is unlikely that much
valuable additional information will be obtained from opening the
stomach. On two such occasions I have closed the abdomen without
exploratory incision into the stomach. Both patients ceased bleeding.
One remained well but the other subsequently had another hemor­
rthage and died. At autopsy the site of bleeding could not be demon­
strated.

CASE REPORTS

Brief histories of a few cases of bleeding which I have seen during
the past five years will serve to emphasize sorne of the points.

CASE I.-A white woman, 62 years of age, was admitted to the hospital for
roentgenologie study of presumed ulcer of the duodenum. The x-ray examination
showed a deep chronic ulcer of the duodenum. Twelve hours later she suddenly
had a massive gastr ic hemorrhage. She was seen by a surgeon in consultation and,
since the bleeding had stopped, he recommended transfusion and watching. About
twenty hours later she began bleeding again. I was asked to see her at this time
but found her pulseless when I reached the hospital. She died twenty minutes
later. Postmortem examination showed a chronic duodenal ulcer penetrating into
the head of the pancreas, with erosion of the pancreaticoduodenal artery.

CASE II.-A white man, 65 years of age, was admitted to the hospital for pain
in the abdomen and vomiting. X-ray showed gastr ic retention and ulcer of the
duodenum. He was treated by Sippy diet with gastri c drainage twice daily. Be­
cause of only moderate improvement, operation was decided upan and was
scheduled for the following week. Three days before the date set for operation
he suddenly had a massive hemorrhage. Fainting and shock developed. A trans­
fusion was given. About four hours later he bled again and it was thought that he
probably would bleed to death. However, the bleeding ceased again and opera­
tion was done severa! hours later as an emergency procedure. He was a large
man, weighing nearly 200 pounds, and exposure was diffcult. A huge ulcer crater
was found in the head of the pancreas. There was apparently no bleeding when
the operation was started. The anterior wall of the duodenum was incised and
the lumen was found to be flled with blood clot. As this clot was pulled out there
was a suelden gush of fresh blood from the ulcer. The bleeding was stopped by
pressure, first with the fnger, then with a ring forceps. While the forceps was
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ld · place, two deep sutures of No. O chromic catgut were placed in the pan­
',' ove and the other below the bleeding point. When these were 6ed
,,¡edmg was controlled. Resection was then done. The duodenal stump w
difEcult to close but was fairly well secured. Drains were placed to the base of
the ulcer which was left in situ and the abdominal wound was closed with silver
wire. · _

The patient developed a little duodenal leakage, and a pancreatic fistula, both
of which healed spontaneously. He left the hospital apparently well about one
month later.

CASE III.-A white woman, 68 years of age, was admitted to the hospital be­
causeof repeated gastric hemorrhage. She was under treatment for duodenal ulcer.
She had had two operations about twenty-five years before, the exact nature of
which was not certain, but one was said to have been a pyloroplasty for duodenal
ulcer. Her last x-ray had been made about six months before and showed de­
formity of the duodenum. Because of continued bleeding she was operated upon
as soon as shock was controlled by transfusion. A frm lesion was found in the pre­
pyloric region together with the scar of a healed duodenal ulcer. The gastric lesion
was thought to be a carcinomatous ulcer and resection was done. As the dissec­
tion was carried upwards on the stomach, a patent gastroenterostomy stoma was
found. The stomach was amputated just distal to the stoma and the cut end closed.

Unfortunately the patient developed severe gastric bleeding about twenty­
four hours after operation, and bled almost continuously for twenty-four hours.
Bleeding then ceased, but she developed pneumonia and urinary suppression and
died two days later. Postmortem examination showed organizing blood clot ali along
the tumed-in end of the stomach and this was undoubtedly the source of the post­
operative bleeding. The excised specimen showed adenocarcinoma. This case was
a technical failure due to improper hemostasis of the cut end of the stomach.

CASE IV.--A white man, 57 years of age, was admitted to the hospital with
massive hematemesis. He was in severe shock. Transfusion was given and his con­
dition improved. History and general physical examination were not characteris­
tic of any particular lesion. A series of severe hematemeses occurred during the
next few days. Barium studies of the esophagus, stomach and duodenum were
made. Fluoroscopic examination of the chest showed sorne widening of the aortic
shadow. There was apparently a little distortion or spasm of the esophagus. Noth­
ing abnormal was seen in the stomach or duodenum. In spite of repeated massive
hemorrhages there was no elevation of the blood urea nitrogen.

Because of the recurrent severe bleeding, exploratory laparotomy was done by
the resident surgeon. No ulcer, tumor or other abnormality was seen or felt. The
stomach was opened and found to contain only a little blood-tinged fluid. The
abdomen was closed. About thirty hours later the patient had a very severe hem­
atemesis and died in shock shortly thereafter. Autopsy showed a small aneurysm
of the thoracic aorta, which had perforated into the esophagus. Very little blood
was found in the stomach or intestine. Apparently most of the blood had been
vomited up and this fact accounted far the failure of the blood urea nitrogen to
rise. This probably should have led to the conclusion that the bleeding was cephalad
to the stomach. It is important to note that tliat the exploratory laparotomy ap­
parently did not contribute to the fatal outcome.
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THE TREATMENT OF PENETRATING WOUNDS OF THE
ABDOMEN IN CIVILIAN PRACTICE

w. A. ALTEMEIER, M.D., F.A.C.S. o

PENETRATING wounds of the abdomen have always been associated
with a very high mortality in both military and civilian surgical prac­
tice. In the wars prior to the Seconcl World War, including the
Civil, Spanish American, Boer and Russo-Japanese Wars, the pub­
lished mortality rates in collected series varied between 60 and 90
per cent, and in World War I it was 50 to 80 per cent.' In the early
part of World War II it remained high, being approximately 50 per
cent in Gordon-Taylor's series" and 47.5 per cent in Ogilvie's." The
reports collected from civilian practice between 1899 and 1945 show
a similar high mortality varying between 30 and 80.5 per cent.1o-22
It must be remembered that the usual treatment of these cases dur­

ing the Boer and previous wars, and even during the early part of the
frst World War, consisted of nonoperative management with starva­
tion and large doses of morphine, and the majority of casualties who
were operated upon died. However, reports from civilian surgeons
during this same period indicated that early operation was a more
desirable form of treatment and this was substantiated by military
surgeons during the later part of the flrst World War, who concluded
that the nonoperative treatment was a failure.
The high mortality associated with such wounds has been caused

primarily by severe shock, hemorrhage and peritonitis. Associated
multiple wounds of the thorax, genitourinary tract, spinal column or
head, or cutaneous burns have added to the perplexity of the problem.

GENERAL CONSIDERATIONS

Although penetrating wounds of the abdomen have a low incidence
in most parts of the country, according to life insurance statistics, they
are encountered frequently as emergencies in large charity hospitals.
In the Cincinnati General Hospital there have been 161 cases between
January 1942 and May 1946, an average of three cases per month.
The abdominal cavity usually is penetrated by wounds through the
anterior, lateral or posterior walls, but penetration may also occur
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through the thorax, neck, perineum, buttocks, sacral area and
the thighs. The wounds may vary from small puncture woun4"T

d b h tp. . . . k . produce y a 1atmn or 1cepicl to extensive lacerations permitting in­
testinal evisceration. The causes of penetrating wounds of the abdo­
men vary somewhat in civilian and military practice. In civilian su~­
gery they are usually produced by knife, icepick, low veloeity pisto]
or rifle, and shotgun, whéreas in war they are caused by high velocity
rifle and machine guns, fragments of high explosive shells, grenades,
bombs and bayonets. Damage to the intra-abdominal viscera varíes
with the velocity, size, shape and nature of the weapon, the small
bowel being damaged most frequently and the solid organs, colon
and stomach less frequently. Patients with · 1acerations of the great
vessels including the aorta, vena cava and iliac ar renal arteries sel­
dom reach the civilian surgeon unless unusual opportunities are avail­
able for rapid transportation to nearby emergency hospitals.

Shock is commonly seen in penetrating wounds of the abdomen
and its severity is determined primarily by the degree of hemorrhage
as well as by the type of the weapon, by the location and extent of
the wound, and by the multiplicity of injuries. .
Hemorrhage may be of any degree from minimal to massive with

early death, and the bleeding may occur in the free peritoneal cavity
or in the retroperitoneal space as a hematoma. It is usually the result
of perforation of one of the larger vessels of the abdomen or of lacera­
tion of a salid viscus such as the liver, spleen or kidney. In our ex­
perience it is rarely caused by damage to the vessels in the anterior
abdominal wall such as the deep epigastric artery.
Infection is particularly prone to complicate this type of injury in

the form of peritonitis, residual abscesses, putrefactive empyema,
retroperitoneal cellulitis or wound infection. It is the result of gross
contamination by escaping gastrointestinal contents and rarely by
material such as soil or dirty clothing carried into the wound from
without. The severity of infection may vary with the segment of the
gastrointestinal tract injured, the amount and character of the food
digested before injury, the virulence of the bacteria! flora, and tire
resistance of the patient.
The fully distended stomach after meals or drinking is particularly

vulnerable to upper abdominal or lower left thoracic wounds. Small
gastric wounds, especially those located near the lesser curvature, may
be followed by little spilling, whereas larger ones, particularlythose
near the greater curvature, may permit almost complete emptying of
the stomach. Poor oral hygiene, swallowed nasal secretions, and low
gastric acidity favor high bacterial contamination of the peritoneal
cavity by escaping gastric contents. The effusion of contents from the
lower ileum is particularly serious because of its liquid nature and
the character and abundance of its bacteria! flora. The contents of the
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colon are normally solid or semisolid and diffuse contamination is less
likely to occur from penetration of the colon. Nevertheless, the resulk
ant infection is serious. .

The infection developing after penetrating wounds of the abdomen
is almost always polymicrobic, being caused by several or many dif.
ferent types of bacteria."" The asoription of the average case of perit.
oniti s to the unaided activity of Bacillus coli or other single strains
seems to be without suflicient justifcation, and the synergistic or
cumulative action of the various infecting bacteria seems to be a more
plausible cause. It must be remembered that the normal peritoneum
possesses considerable natural powers of resistance to infection, but
if repeated or constant soiling occurs, such as that produced by an
unrepaired perforation of the gastrointestinal tract or a leaking anas­
tomosis, it is unable to withstand bacterial attack and a severe, usu­
ally fatal, peritonitis is the result.

The retroperitoneal tissues on the other hand seem to have very
little resistance to bacteria! contamination in the presence of injury.
A severe form of retroperitoneal cellulitis may complicate penetrating
wounds of the abdomen if adequate drainage of the retroperitoneal
spaces is not carried out. lt is characterized by a spreading, often
crepitant cellulitis of the retroperitoneal areolar tissues with the pro­
duction of considerable gray necrotic slough, and profound toxemia.24

The condition is often referred to as "anaerobic celluliti s" and is like­
wise caused by the synergistic action of the group of aerobic and an­
aerobic bacteria resident in the intestinal tract at the time of injury.
Infection of the abdominal operative wound may also be caused by

the same group of bacteria. lts occurrence and severity are minimized
by sharp dissection, protection of the wound edges with gauze during
the operative procedure, gentle handling of tissues, closure by through­
and-through silver wire sutures, and adequate chemotherapy.
A severe mixed infection of the pleural cavity may complicate com­

bined penetrating wounds of the chest and abdomen with perforation
of the esophagus, stomach or intestine.21 lt is characterized by a pro­
gressive effusion of thin, bloody, purulent fluid often with a foul
odor within the pleural cavity and signs of profound toxemia with
elevated temperature, pulse and respiratory rates and a fall in the
blood pressure which usually begins between the first and third days
after operation.
The successful management of penetrating wounds of the abdomen

consists essentially of early, surgical repair of the injuries by explora­
tory operation as soon as the patient's condition will permit. As in all
wounds of violence, the primary purpose of surgical treatrnent is to
save life by the alleviation of shock, arrest of hemorrhage, and the
prevention or control of infection. The secondary purpose is to restare
the function and appearance of the wounded parts in so far as possible.



PENETRATING WOUNDS OF THE ABDOMEN 1155
To accomplish these objectives, adequate preoperative preparation,

early and thorough operative repair, and vigilant postoperative care
are necessary.

PREOPERATIVE PREPARATION
Treatment of Shock.-A sterile dressing is applied as soon as pos­

sible to all open wounds and immediate measures are taken to recog­
nize and alleviate existing or impending shock. The effeotiveness of
active treatment consisting of the use of morphine, oxygen, shock posi­
tion, and the intravenous injection of fluids is largely determined by
the promptness with which it is instituted. Physiologic saline or glu­
cose solutions and plasma are used until whole blood has been made
available by the blood bank. In our opinion, whole blood is far
superior to plasma or any other solution in the treatment of shock
associated with penetrating wounds of the abdomen. This therapy is
continued throughout the operative and immediate postoperative
periods. Stirnulants or other liquids by mouth are not given.
If the shock is due to the effects of trauma other than hemorrhage,

and if the treatment is started early, active therapy is usually suc­
cessful in restoring the measurements of blood pressure, pulse and
body temperature to normal within three quarters to one hour.
Control of Hemorrhage.-In general every severely shocked pa­

tient with an abdominal wound should receive transfusions of whole
blood, and if little or no response occurs to the injection of 2 units
of blood within one hour or less, it must be assumed for practical
purposes that severe hemorrhage is a major cause of the shock. Under
such circumstances two and occasionally three continuous intravenous
injections of whole blood are used simultaneously in an effort to
supply blood at a faster rate than that at which it is lost. In this
connection it should be remembered that it is wise to make at least
one of the intravenous injections through the veins of the arm when­
ever there is a possibility of penetration of the abdominal vena cava.
In this way it is usually possible to overcome the manifestations of
shock sufficiently, even in severe wounds involving the major abdom­
inal veins and sorne of the larger abdominal arteries, to permit anes­
thesia and rapid abdominal exploration for arrest of the hemorrhage
and definitive operative repair. Any hemorrhage that occurs from the
wound in the abdominal wall is usually controlled easily by the
application of a sterile dressing applied with moderate compression.
Diagnosis of Extent of Injuries.--After treatment for shock and

hemorrhage has been started, a rapid and thorough examination is
necessary to determine whether the wound has penetrated or per­
forated the abdominal cavity and whether there are any associated
injuries of the chest, head or extremities. If a wound which per­
forates a hollow viscus is thought to be nonpenetrating, the mistake
is usually disastrous. In most instances, however, the diagnosis offers
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Fig. 474.-Semidiagrammatic and reconstructive drawing showing the anterior
and lateral relations of thoracic cage to the diaphragm, pleural sacs, peritoneal
cavity, and viscera. Note the vulnerability of upper abdominal viscera to pene­
trating injuries which first traverse the pleural sac and particularly to those whicb
enter the chest below the fourth rib anteriorly.
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Fig. 475.-Semidiagrammatic Jeft sagittal drawing through the left dome of tlw
diaphragm which illustrates the relationship of the thoracic cage to the upper
peritoneal and lower pleural cavities and which explains the frequency of com­
bined penetration of both cavities in wounds involving the lateral and posteriot
aspects of the thorax and particularly those below the sixth rib posteriorly.
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little dillieulty since a study of the history, the wound, the physic l
igns, and the laboratory data will usually indicate its penetra+á,sg » 1ad <. tial 51l gnature. DifRculty arises particularly in tangential or ol lique wounds.
It must be kept in mind that it is possible for wounds originating in
almost any part of the body to involve the abdominal cavity and those
between the nipple. line and upper thighs frequent ly do. Single
wounds of the lower posterior and lateral aspects of the chest, par­
ticularly on the left side below the level of the sixth rib, should be
regarded as thoraco-abdominal until proved otherwise (Figs. 474 ad
475). Puncture wounds of the anterior chest wall below the level of
the fourth rib may also penetrate both the pleural and peritoneal
cavities. A careful study of the points of entrance and exit helps to
determine the pathway of the weapon and presence of penetration.
If the bullet entered the skin obliquely, an area of abrasion is evi­
dent on the proximal side of the wound and one of undermining in
the subcutaneous tissue is on the distal. When there is no wound of
exit, an area of tenderness or the bullet often may be palpated imme­
diately beneath the skin at the end of the tract.
When only the abdominal wall has been injured, shock, localized

tenderness and guarding may be found, but they will subside or at
most remain stationary if the injury is purely parietal. If signs of
peritoneal irritation develop, such as decreased respiratory movements
of the abdominal wall, di.ffuse tenderness, rigidity, rebound tender­
ness, a rising pulse rate, increasing leukocytosis, and tenderness on
rectal examination, the perforating nature of the injury becomes
apparent. The dirninution or absence of audible peristalsis on auscul­
tation is also a very valuable diagnostic sign. The demonstration of a
pneumoperitoneum by percussion of diminished liver dullness and
roentgen examination signifes perforation of a hollow viscus. Occa­
sionally injuries confined to the chest, particularly those associated
wi th a hemothorax or fractured ribs, may present upper abdominal
tenderness and rigidity, but the absence of the other signs of perit­
oneal irritation help in the differential diagnosis. If the signs are not
conclusive of penetration it may become necessary to explore the
wound, but if there is any doubt as to the penetration or nonpenetra­
tion of the abdominal cavity, laparotomy and exploration offer less
over-áll risk to the patient than conservative management.
A specimen of urine should always be obtained immediately after

adrnission to the hospital and examined for blood. If no urine or a
small amount of bloody urine is found on catheterization, perforation
of tbe bladder has occurred.

Chemotherapy.Chemotherapy is indicated after any abdominal
injury in which the peritoneal cavity has been soiled. We believe that
the systemic administration of 3 gm. of sodium sulfadiazine preoper­
atively by intravenous injection is of definite value. Early in our
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studies sulfanilamide was instilled into the peritoneal cavity and oper­
atuve wound at the completion of the operation, but we have aban­
doned this practice in favor of the preoperative systemic administra­
tion of sulfadiazine. Our in vitro studies indicate that sulfadiazine is
preferable to penicillin in the mixed gram-negative and gram-positive
flora of intestinal organisms, and our clinical experience seems to bear
this out. More recently systemic sulfadiazine and penicillin have been
used concurrently.

EARLY OPERATIVE TREATMENT

It is imperative that the patient with a penetrating wound of the
abdomen be operated upon as soon as his general condition will per­
mit. Early operation within six hours of the time of injury is desirable
and will result in a lower incidence of peritonitis. Throughout the
operative procedure the transfusion of blood is continued as a safety
measure. The treatment of other wounds which often accompany the
main abdominal one requires judgment, but in general they assume
secondary importance and are treated expectantly for the time being.
Anesthesia.-Operation is usually performed under inhalation gas

and ether or cyclopropane anesthesia. Intubation is desirable particu­
larly in upper abdominal injuries, and inhalation anesthesia under
positive pressure may be required in associated thoracic wounds.
Local and spinal anesthesia have not been practica! at the Cincinnati
General Hospital because so many of the patients with penetrating
wounds of the abdomen are intoxicated and unruly.

Skin Preparation.-Preparation of the abdominal wall is carried
out usually after the induction of anesthesia. If any viscera protrude
through the penetrating wound, they are gently but thoroughly irri­
gated with a solution of physiologic sodium chloride and covered with
sterile gauze. The abdominal skin up to the edge of the wound is
then washed thoroughly with soap and water, painted with a skin
disinfectant, and prepared for incision with sterile drapes.
Icision.-If the wound of entrance or exit is large, it is usually

débrided and extended in a transverse or vertical direction for ex­
ploration. If the wound is small, it is usually disregarded and a sepa­
rate vertical left or right rectus incision is made. In any event, a suffi­
ciently large incision .should be made to permit maximum exposure.
The incision is made on the right side in most instances, which gives
ample exposure for exploration of the entire contents of the abdom­
inal cavity. In many of the thoraco-abdominal wounds the exposure
has been limited and the technical procedure difficult through abdom­
inal incisions. Military experience in the past war has demonstrated
clearly the superiority of the thoracic approach for many of the high
penetrating wounds of the chest and abdomen, parhcularly those in­
volving the left upper quadrant.
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Arrest of Hemorrhage.-When the abdomen is opened the imme.
diate consideration is the arrest of hemorrhage which may have been
increased by the induction of anesthesia and by the release of pres­
sure. The removal of clots and liquid blood by mechanical suetion
aids in the recognition of the bleeding points. The blind applicatio
of clamps in a pool of blood may be disastrous and the surgeon un­
accustomed to emergency surgery may become confused and lose
valuable time at this point. Hemorrhage from many bleeding vessels
may be temporarily controlled by digital compression. In the upper
abdomen, compression of the portal vein, hepatic artery, or coeliac
axis between the thumb and a finger inserted through the foramen
of Winslow may help greatly in the control of bleeding.

Damage to the spleen is usually treated by splenectomy since at­
tempts at repair are usually futile, wasting both time and blood. In
the case of lacerations of the liver, persistent bleeding may be con­
trolled by suture of the laceration, or in rare instances by packing.
However, packing with gauze should be avoided whenever possible
since it may be followed by infection and secondary hemorrhage. The
use of gelatin sponge promises to aid in the control of this type of
hemorrhage. Detached and devitalized portions of liver should be
removed and a drain placed down to the wound to permit the escape
of hile.

After the arrest of major hemorrhage, a delay of several or more
minutes while the transfusion of blood is being continued may be
followed by a prompt rise in blood pressure and general improve­
ment of the patient's condition.

Suture of Perforations of Diaphragm.The necessity for early
recognition and closure by suture of all perforations of the cliaphragm
cannot be overemphasized. It minimizes pleural contamination and
the danger of developing severe pleural infections, massive pneumo­
thorax, or hemiation of the abdominal contents. A sucking wound of
the thorax may be produced as soon as the abdominal cavity is
opened, and such wounds should be repaired immediately followed
by aspiration of air and contaminated blood from the pleural cavity.
If a perforation of the diaphragm is not sutured, a serious and often
fatal putrid empyema may develop postoperatively.
Location and Repair of Injuries.-In order to locate every wound,

it is necessary to examine thoroughly and systematically all of the
abdominal contents. Demonstration of the points of entrance and exit
through the peritoneum suggests the possible víscera damaged by the
injury. Every section of the gastrointestinal tract must be demon­
strated and carefully inspected for perforation. To do this, it is neces­
sary to "run" the bowel and inspect the tract from the lower portion
of the esophagus to the rectum replacing the loops of intestine imme­
diately after inspection. In general the points of gastrointestinal per­
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foration are easily recognized by the exposure and eversion f th
punetured mucosa, the visible escape of gas and fluid the dark ~ e
or black discoloration of the adjacent tissues, the presence of fo rodwn

. h. it I . h o orfeces in t e pen onea, cavity or t e presence of crepitation in retro-
peritoneal hematomas about the colon. If one perforation into the
free peritoneal cavity is missed, the outcome is almost invariably fatal.
The penetrating wounds most often overlooked are tangential ones
located at the Jtmc_t10n of the mesentery with the small intestine, those
along the retroperitoneal surface of the transverse colon, rectum, pel­
vie portion of the colon or duodenum, and those of the posterior

F. M. 1 2-2l-46
PENETRATING GUNSHOT YIOUNO OF ABDOMEN WITH
PERFORATIONS OF CECUM ANO TRANSVERSE COLON.
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Fig. 476.-Chart showing the clinical course of a patient with penetrating gun­
shot wound of the transverse and ascending colon who was treated by early closure
of the perforations without exteriorization of the colon.

aspect of the stomach. In both the large and small intestine, hemat­
omas in the mesentery may hide perforations in the mesenteric border.
Ali perforation of the gastrointestinal tract must be closed and most

of them can be repaired by inverting Lembert or mattress sutures of
fine black silk rather than by resection. When resection is necessary
in more extensive wounds, primary anastomosis is preferred to ex­
teriorization in civilian practice and it is usually done by the closed
end-to-endmethod over Kocher or Stone clamps using fine black silk for
suture material. At the Cincinnati General Hospital, injuries of the
large bowel have also been treated with good results in the same way
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as those of the small bowel without attempt to exteriorize them ( Fig.

476). 1d b · d h 'blWounds of the rectum shoul e repare w enever possi, te and
tl rrhly drained. A proximal colostomy should never be omitted1oroug :..·dth bin wounds of the rectum, however trivial 1ey may appear to e. A
left inguinal colostomy is usually desirable, but when It 1s evident
that mobilization of the.rectum will be required for any subsequent

a transverse colostomy is advisable to facilitate this.repau, d f . . . f 1 hA careful inspection must be mate or mjur1es o the ot er retro-
peritoneal structures which may be concealed by a hematoma. If

r

Fig. 477.-Illustrating the appearance of the wound closed ten days previously
with through-and-through silver wire sutures. The contaminated retroperitoneal tis­
sues had been drained through the right flank wound and two "cigarette" drains
have just been removed. Note the absence of infection in the operative wound.

necessary, the kidneys and their pedicles may be exposed transabdom­
inally through an incision in the peritoneum lateral to the ascending
or descending colon followed by the reflection of the bowel and its
mesentery medially. Small wounds of the kidney may be sutured but
wounds of the kidney with active hemorrhage or severe fragmenta:
tion are best treated by nephrectomy after making sure that a second
good kidney is present.
Perforations of the bladder should be sutured in layers followed by

cystostomy or insertion of a retention catheter. Wounds of the ureter
must be detected and repaired, preferably over ureteral catheters.
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fragments of bone, sponges used for exposure or hemostasis, and
. liquid or clotted blood are removed from the peritoneal cavity. Bul-
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lets not readily accessibl e are not removed. Lavage is not done. T]
use of postoperative drainage is a matter of judgment and depende
upon a number of faetors. I most cases, drainage of the peritone
eavity is considered useless unless there is considerable damage to strue.
tures such as the panereas, liver or biliary tract. On the other han]
contaminated retroperitoneal tissues should be drained through
stab wound in the Hank after closure of the peritoneal wound (Fi.
477).

Chemotherapy.-We have discontinued the local instillation of sul-
fanilamide into the peritoneal cavity for the prevention or control of
infection and prefer to depend upon the preoperative and postopera­
tive administration of sulfadiazine systemically for the control or pre­
vention of infection ( Fig. 478). Penicil lin may be used in conjunetion
with sulfadiazine giving 15,000 to 20,000 units every three hours (Fig.
476).
Wound Closure.-At the Cincinnati General Hospital the wound is

closed with through-and-through silver or steel wire sutures accord­
ing to the method described by Reid and Zinninger.25• 26 This method
of closure ( Fig. 477) seems to be ideally suited to these cases, and it
has been used almost routinely at the Cincinnati General Hospital
during the past thirteen years. The · advantages of this method are:
l. Rapid closure of the wound even under diffculties ari sing from

unsatisfactory anesthesia.
2. Secure closure which is affected relatively little by infection or

slough of the fascia; the incidence of disruption is minimal with this
method.

3. Closure of contaminated abdominal wounds without burying
suture material which predisposes to more benign wound healing and
reduces the liability of infection.

4. Easy reopening of the incision by untwisting the wires if a second
operation becomes necessary shortly after the original one for delayed
hemorrhage or obstruction.

5. lncidence of postoperative ventral hernia is not greater than in
more formal types of closure.

POSTOPERATIVE CARE
After operation, the patient is returned to his bed and placed in

semi-Fowler' s position which aids in the localization of intra-abdom­
inal infection. General supportive measures are continued immedi­
ately after operation, and fluids by mouth are withheld. Adequate
parenteral fluids are given to maintain positive water and electrolyte
balance and a urinary output in excess of 1000 ce. per day. Blood
and plasma transfusions are also given postoperatively as indicated.
Continuous gastric suction is maintained by Wangensteen's method

until active peristalsis returns and gastric retention ceases. The de-
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compression afforded by the immediate use of gastric suction tends
to place the bowel at rest and to prevent gastric and intestinal dist .
ion resulting from postoperative ileus. Repeated auscultations r ¡,
abdomen usually show a return of peristaltic sounds on the seco d
postoperative day. If there is any question of the adequacy of pe±is.
talsis, it may be tested by aspirating for gastric residual after the
patient has been allowed to drink one ounce of water every one-half
hour for five or six hours with the tube clamped off. If the residual is
less than two ounces, it may be safely assumed that peristalsis is ade­
quate and fluids by mouth may be started. If more than three ounces
it is usually wiser to leave the tube in another day and repeat the
test.

Chemotherapy by the systemic administration of 3 gm. of sulfadi­
azine subcutaneously every twelve hours is continued until it can be
given by mouth in doses of 1 gm. every four hours, being carefully
controlled by the usual means for early detection of toxicity. The
blood levels are measured daily or every other day and the <lose is
adjusted to maintain a blood leve! of 6 to 10 mg. per cent. It is our
impression that the intelligent use of sulfonamides has been largely
responsible for the elirnination of peritonitis as a major cause of death
in penetrating wounds of the abdomen. Penicillin may also be given
parenterally in conjunction with sulfadiazine, injecting 15,000 to 20,000
units every three hours intramuscularly.
Vigilance is necessary to detect the presence of various complica­

tions which are prone to occur during the postoperative period and
which rnust be treated as they develop. The most common ones in
our experience include pulmonary atelectasis, pneumonia, pleural em­
pyema, wound infection, intra-abdominal abscess, peritonitis, hemo­
thorax, clelirium tremens, intestinal obstruction, retroperitoneal cellu­
litis and thrombophlebitis. Dehiscence <lid not occur in any of the
wounds closed by the method described and wound infections were
clecreasecl in frequency ancl severity.
An analysis of 161 consecutive cases of penetrating wounds of the

abdomen or chest and abdomen in which the patients were admitted
to the Receiving Ward of the Cincinnati General Hospital between
January 1942 and May 1946 is of interest. Three of these patients
were moribund on admission and died within forty-five minutes in the
receiving warcl as a result of severe hemorrhage. Two others died on
the operating table also as the result of exsanguinating hemorrhage.
In the remaining 156, there were eighteen deaths, giving a mortality
rate of 11.5 per cent for those cases which survived long enough to
be operated upon. For all cases admitted includingthose in which
death occurred within ten minutes after the patient's arnval at the
hospital, the over-all mortality rate was 14.2 per cent.
There were thirty-four thoraco-abdominal wounds in this series



1166 W. A. ALTEMEIER

with nine deaths, or a mortality rate of 26.4 per cent which empha.
sizes again the severity of this type of injury and suggests the pos¡.
bility that the thoracic approach might be used to greater advantag

The causes of death and their incidence in this series are shown t
Table 1. Hemorrhage with severe shock was responsible for 30.4
cent of the deaths, and pneumonia and acute putrefactive empyema
were the next most important causes. In later cases it has been pos.
sible to control the putrefactive empyema by routinely closing all per.
forations of the diaphragm at the time of operation, by early diag­
nosis, and by drainage either by repeated aspirations or preferabjy
by thoracotomy used in conjunction with the local injection of pen­
icillin and the systemic administration of sulfadiazine and penicillin.

TABLE 1.-COMPARISON OF THE INCIDENCE OF THE CAUSES OF DEATH IN
PENETRATING WOUNDS OF THE ABDOMEN BEFORE AND AFTER

CHEMOTHERAPY

104 Cases Admitted between January
1938 and January 1942

161 Cases Admitted between January
1942 and May 1946

Cause of Death No. Cases Cause of Death No. Cases
Peritonitis . . . . . . . . . . . . . . . 9 (31.0%) Hemorrhage . . . . . . . . . . . . 7 (30.4%)
Hemorrhage . . . . . . . . . . . . . 7. ( 24.1o/o) Pneumonia . . . . . . . . . . . . . 4 (17.4%)
Shock 6 (21.3%) Putrefactive empyema 4 (17.4%)
Pneumonia 5. (17.2%) Peritonitis 2 ( 8.7%)
Uremia . . . . . . . . . . . . . . . . . 1 ( 3.4%) Meningitis . . . . . . . . . . . . .. 9 (8.7%)
Retroperitoneal cellulitis ... l ( 3.4%) Uremia . . . . . . . . . . . . . . . . 1 ( 4.3%)

Undetermined....... . . . 1 ( 4.3%)

If the diagnosis is confused with postoperative pneumonia and drain­
age is not instituted, the infection progresses rapidly and soon pro­
duces a severe state of toxemia. Figure 479 shows the charted course
of a penetrating wound of the abdomen which developed a fatal
putrefactive empyema. In this case the perforation of the diaphragm
had not been sutured, the diagnosis was delayed, drainage by tho­
racotomy was too late, and chemotherapy with penicillin was not
given.

Significantly, perit oni tis was a contributing cause of death in only
two instances, and these were due to a perforation of the duodenum
which was overlooked in one case, and to a leaking suture line of
the duodenum in the other. Thus, peritoniti s was largely eliminated
as a cause of death, apparently by the use of adequate chemotherapy
with systemic sulfadiazine or penicillin and sulfadiazine used in con­
junction with early operative repair of all perforations.
In contrast, a study of 104 cases with penetrating wounds of the

abdomen treated without chemotherapy in the four years preceding
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Jauay 104% a hg, hneinmati General Hospital showed hat te
morta ty rate was . per cent. S1gmficantly generalized •t ..'bl f 31 ' pen omtiswas respons1 e or per cent of the deaths (Table 1) A .
son of the incidence of the causes of death in the two ', "PPPPaT

1 h h senes m cates
that severa c anges ave occurred since the advent of ch themo erapy.

E. P. I0-21- 44
l. PENETRATING GUNSHOT WOUND OF ABDOMEN

ANO CHEST WITH PERFORATION OF LIVER, RIGHT
KIONEY, ANO CECUM.

2. SEVERE PUTREFACTIVE EMPYEMA.
DAY OF ILLNESS 1 2 3
PULSE TEMP.
O····-O x-x

190 ,o
, ,

180 , ,

170 z , ,

160 o , , .<I)

;:: r <f)
150 106 d uI

o: 1-

140 105
uI z
c. u! e

130 104
o o

r 4
, , X

r u!

120 103 , o

/\
r

1 1 O
/ 1-

1 02

100 1 01+ I90 100

80 99 3
ºº

w. e.e. 50.0 90.0 12.6

SULFAOIAZINE 3.0 ¡ 3 O 3.0 1 3-0 3-0 1IN GRAMS

l. CONTINUO U S WANGENSTEEN SUCTION.
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TREATMENT
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Fig. 479.-Acute putrefactive empyema with profound toxemia developing in
a penetrating thoraco-abdominal wound which resulted in death. In this case the
puncture wound of the diaphragm had not been closed, the diagnosis was delayed,
and treatment including drainage was started too late.

In the four years prior to that time peritonitis accounted for 31 per
cent of the deaths, hemorrhage 24.1 per cent, severe shock 21.3 per
cent, and pneumonia 17.2 per cent. Since 1942 the incidence of hem­
orrhage and pneumonia as causes of death has remained essentially
the same, being 30.4 per cent and 17.4 per cent respectively, but that
of peritonitis and severe shock has been sígnificantly reduced.
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SUMMARY

Although massive hemorrhage from injuries to the major vessels of
the abdomen and lower chest, particularly the aorta and vena cava
remains a serious cause of death, the mortality rate in penetratin¿
wounds of the abdomen has been significantly reduced for a number
of reasons. The early and liberal use of whole blood and blood subst.
tutes has helped to overcome the effects of shock and hemorrhage and
has permitted operation under more suitable conditions in a larger
number of patients. Laparotomy performed on better risk patients
permits more careful and less hurried exploration of the peritoneal
cavity with the result that visceral perforations are seldom missed.
Damage to the gastrointestinal tract, solid víscera, diaphragm and
retroperitoneal structures can be investigated and adequately re­
paired, thereby minimizing peritoneal, pleural and retroperitoneal
contamination.
There is evidence that the contamination of the abdominal cavity

remaining under these circumstances can be controlled by adequate
systemic chemotherapy used in conjunction with early surgery and
that sepsis has been greatly minimized as a cause of death.
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THE MANAGEMENT OF MEGACOLON
(HIRSCHSPRUNG'S DISEASE)

LoUIs G. HERRMANN, M.D., F.A.C.S.°

MEGACOLON is a rare disorder of the large bowel which has re.
sulted in hypertrophy and dilatation of the affected parts of the
colon. Clinically it is characterized by abdominal distention and ob­
stipation. From the therapeutic standpoint it is important to difer­
entiate between the idiopathic variety of megacolon and other similar
conditions in which the hypertrophy or dilatation of the colon is sec­
ondary to sorne congenital or acquired obstruction to the fecal stream
in the distal portions of the intestinal tract.

The clinical condition of megacolon was first described by Fred­
rick Ruysch' in the seventeenth century and more than a score of
authors had recorded similar cases in the scientific literature before
Harold Hirschsprung2 published his classical account of the syndrome
in 1888. He popularized the condition and added considerably to our
knowledge of certain types of megacolon so we have come to refer
to the congenital or idiopathic variety of megacolon as "Hirsch­
sprung's disease." His original definition was "a condition of congen­
ital high-grade dilatation of the colon with thickening of ali its tunics,
especially the tunica muscularis, with retention of large quantities of
fecal matt er."

The idiopathic form of megacolon is from three to four times more
frequently observed in boys than in girls, and the congenital origin of
the disturbance has been shown by the demonstration of the charac­
teristic changes in the colon of an unborn fetus of seven months'
gestation.

A few decades ago most of the infants with megacolon died before
they reached the age of fve years and those children with the less
severe varieties of the disturbance rarely reached adult life. Com­
plications such as bronchopneumonia, myocardial failure, volvulus of
the colon with perforation of the wall and generalized peritonitis are
still the most common causes of death during early life in patients
with megacolon. In recent years, however, the important advances
which have been made in the supportive treatment by the pedia­
trician, the improved dietary, medica! and surgical therapy and the
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better understanding of the pathologic physiology of the distu b

ll 1 d t · l . r aneehave al playe a part in the improvement of the prognosis of this
type of megacolon.

THEORIES ON GENESIS OF MEGACOLON
Defective Muscular Tone of Bowel.-Or.e of the earliest theories relative to

the etiology of megacolon was that a segment of the colon was paralyzed or pos­
sessed defective muscular tone. Spasm of the anal sphincter muscles with secon­
dary dilatation and hypertrophy of the colon proximal to the rectum was described
by Fenwick." However, more interest was centered about disturbances of the
visceromotor mechanism of the colon and Hurst' suggested that megacolon
due to failure of the sphincter museles of the anal region to relax when the +aj
colonic peristalsis reached the rectum.

There are considerable experimental and clinical data to support the theory that
megacolon results from this type of failure of coordination which leads to dys­
function of the neuromuscular apparatus of the colon and rectum. In patients with
megacolon the affected part is not paralyzed in spite of the fact that it is greatly
dilated. Vigorous and even painful peristaltic movements of the colon are regularly
observed when the wal]l of the colon is thickened. When these paticnts develop
intestinal obstruction we fnd the usual clinical signs and symptoms of mechanical
obstruction; yet at operation or at autopsy there may be no demonstrable kinking
or twisting of the colon. It is thought that the colon must be contracting against a
closed sphincter muscle which fails to relax or it is contracting against sorne val­
vular type of obstructing mechanism. Clinicians have reported considerable im­
provemen t after manual dilatation of the anal sphincter mus eles and after the sys­
tematic use of rubber bougies to bring about dilatation of the anal canal and the
rectum.

lncreased Plastic Tone of Bowel.-Wade and Royal' suggested that mega­
colon was the result of increased postura! or plastic tone of the bowel which is
mediated through the action of the sympathetic nervous system just as it is in re­
gard to striated ar skeletal museles. This theory has since been shown to be incor­
rect, nevertheless it was responsible far opening the vast feld of surgery of the
sympathetic nervous system in the management of megacolon. Even though their
theory of action of the operation is probably incorrect, the end results following
properly performed sympathetic denervation of the colon in selected cases of
megacolon are surpri singly good and should always receive careful consideration
in planning out the management of patients with megacolon.

Sympathetic-Parasympathetic Imbalance in Bowel.-Two etiologic hypoth­
eses are possible in this neurogenic theory of the origin of megacolon. Firstly, the
excessive sympathetic activity ( afferent impulses) may give rise to loss of tone of
the wall of the bowel with secondary distention of the affected portion of the
bowel, or, secondly, the diminished tonus of the parasympathetic innervation of
the colon and its associated inefficient relaxation of the anal sphincter muscles may
disturb the physiologic equilibrium and thus give rise to clilatation of the colon.
Overactivity of the sympathetic nerves to the colon is clifficult to demonstrate clin­
ically and diminished tonus of the parasympathetic nerves can be demonstrated
clinically only by the use of cholinergic drugs.

The lack of coordination between the proximal and distal portions of the colon
seems to be the most probable cause of congenital megacolon. In order to under­
stand this mechanism we must familiarize ourselves with the extrinsic as well as
the intr insic innervation of the colon. Peristalsis is a coordinated neuromuscular
activity which is dependent upon mechanical and chemical stimuli ari sing from
food being carried along the intestine but acting through the extrinsic nerves and
upan the intrinsic nervous plexuses of the bowel. The upper lumbar nerves bring
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in the sympathetic impulses while the lower saeral nerves carry the parasymp4.
thetic impulses to the distal portion of thc colon. The first and sec?nd lumbar se _
ments of the spinal cord give exit to those sympathetic nerves which pass thrj,
the lumbar sympathetie ganglionated trunks and the lumbar splanchnie nerves ¡,
the inferior mesenteric and hypogastric plexuses and then on to the colon. The
sympathetic fibers are also intimately associated with the circular muscle fibers of
the rectum. '

Stimulation of the sympathetic nerves will inhibit colonic peristalsis and tighten
the intemal sphincter musele of the anal region. Stimulation of the superior hypo.
gastr ic plexus (presacral nerve of Latarjet) of sympathetic nerves gives rise t
pelvic pain in adclition to constriction of the internal sphmcter muscle. Stimulation
of the parasympathetie fbers from the sacra! outllow or irritation of the ganglion
of Frankenhüuser in the pelvis will greatly inerease peristalsis and cause relaxa­
tion of the sphincter muscles of the anal region.

PATHOLOGICO-PHYSIOLOGIC CONSIDERATIONS

The surgical interruption of the sympathetic nerves to the distal
portion of the colon results in a release of rectosigmoidal inhibition
and is often followed by evacuation of the lower part of the colon as
the sphincter muscles of the anal canal become relaxed. Overdisten­
tion of the colon must be combated by all available means for there
are many unfavorable effects which may result from prolonged, max­
imal distention of the bowel. Wangensteen7 has described many of
these untoward effects in his monograph on intestinal obstructions.
He pointed out that the gaseous content of the bowel after obstruc­
tion of the sigmoid colon contains only a small amount of oxygen and
carbon dioxide ami an overwhelming amount of nitrogen. When the
intracolonic pressure rises there is a marked diminution in the blood
flow to the walls of the bowel. Under such circumstances the colonic
pressure may rise from 12 to 52 cm. of water. This, according to Wan­
gensteen, exerts a pressure of 735 cm. of water against each cubic
centimeter of surface of the cecum and 340 cm. of water pressure
against the wall of the descending colon. This difference in pressure
within the colon accounts for the frequency of perforation of the
cecum in late or neglected cases of obstruction of the large bowel.
Increased intracolonic pressure also influences the absorption from

the bowel. The absorption of dyes or bacteria by the lymphatic ves­
sels is greatly enhanced in all cases of chronic intestinal obstruction
and the absorption of materials into the veins or by the peritoneal
surfaces is also modifed when the bowel is greatly distended. Most
of the patients with megacolon who come to operation show enlarged
lymph nodes in the mesentery and usually show enlarged lymph chan­
nels on the surface of the bowel and in the mesentery. Such lymphan­
giectasis was considered by Finney as a cause for megacolon.
Physiologic research directed toward the identiflcation of the chem­

ical substances which the autonomic nervous system utilizes to acti­
vate the tisses led to the production of the cholinergic drugs. Loewi
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showed that the activity of the intestine is increased by its co t · d

d . t· Cl ¡· . 1 d n amecholine enva 1ves. 10 me 1s c 1ange into acetylcholine and t
1 . 1 1 . 1 11 ac s asa perista tic hormone which genera y increases the intestinal a.ti it
L • ,, ¡ d ¡ e 1v1 y.In .1921 oew1 · e emonstrate the relationship between acet I h 1·. 1 . . 1 . . y e o meand its parasympathetic stimulative action. Dale"" later showed that

acetylcholine is released at all parasympathetic nerve endings on
stimulation of these nerves, consequently it serves as a potent chem­
ical mediator in transmitting the excitatory effect from the nerve end­
ings to the reacting cells. The administration of acetylcholine increases
the function of the parasympathetic nerves and stimulates peristalsis
in the colon.
Klingman' ' found that atropine sulfate gave satisfactory response

desp1te the unpleasant tox1c effects, so he concluded that the para­
sympathetic nervous system played an important role in the produc­
tion of the disturbed neuromuscular function in patients with mega­
colon.
I-Iow a drug which supposedly acts exclusively as a paralyzer of the

parasympathetic nerves can actually become effective in establishing
better bowel function in megacolon is difficult to explain. Klingman is
of the opinion that, with overaction of the parasympathetic nerves, the
retention of feces in the colon results from an inability of the longi­
tudinal muscle fbers to expel the feces without help from the circular
flbers of the colon. In neurogenic megacolon these circular fbers of
the colon are too completely relaxed. In such a case the parasympa­
thetic paralysant would reduce the inhibitory effect so one should
expect some action from the circular muscle fibers.

Still another explanation for the action of a parasympathetic paraly­
sant was given by Loewi when he showed that a drug like atropine
inhibits the action of the parasympathetic nerves not by paralyzing,
as had been previously supposed, but by stopping or preventing the
action of acetylcholine in or near the reacting cells. He also pointed
out that when a complete balance exists between cholinergic and
adrenergic substances, atropine acts as a synergist to the adrenergic
factor by removing the cholinergic factors. Myerson's experiments sup­
port this theory.12 In particular reference to the gastrointestinal tract,
the tonus of the rectosigmoidal apparatus may be diminished by
adrenergic action following the administration of a parasympathetic
paralysant.
Another explanation of this action comes from the effeet that the

parasympathetic paralysant may have when it acts as an inhibiting
factor to the liberation of acetylcholine m the tissues. Aside from
being liberated in very small quantities, ordinarily at the termination
of the parasympathetic nerves, acetylcholine is also present in small
quantities at the termination of the sympathetic flbers at t!1e ¡unction
of the preganglionic and postganglionic fibers. A drug which reduces
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the liberation of acetylcholine at this junction might suffciently ¡.
duce the overactivity of the sympathetic nerves to brmg about a bet.
ter balance between the two elements of the innervation of the colon.
In some respects the use of a parasympathetic paralysant is almost

paradoxical and one is forced to accept it on the grounds that it ¡
effective in spite of the fact that the mechanism by which It acts is
still unexplained. Whatever the explanation might be, clinical experi.
ence has demonstrated that the drugs which act exclusively as para].
yzing agents to the parasympathetic nerves are beneficial in estab.
lishing better emptying of the bowel in certain cases of megacolon.
Atropine should be the drug of choice to inhibit the liberation of

acetylcholine but its highly toxic effects conb·aindicate its regular clin­
ical use. Syntropan (Roche) was found to have an effect similar to
atropine on the parasympathetic nerve endings of reacting cells. It
controls the tonus of the bowel without interfering with the peristaltic
activity. The toxic dose is about twice that of atropine, and the ad­
ministration is not accompanied by the disagreeable effects upon the
heart and circulation, the pupils or the glandular secretions. Its effect
on the colon is also much greater than that of atropine and it has no
atropine-like action on the small intestines. The effective dose of syn­
tropan is also much more readily reached without the appearance of
any toxic signs or symptoms.

DIAGNOSIS OF MEGACOLON

The diagnosis of megacolon, except in very early infancy, is rela­
tively easy and can be·made on the basis of the following three car­
dinal findings: ( 1) obstinate constipation, ( 2) marked enlargement
of the abdomen, ancl (3) visible peristalsis on inspection of the
abdomen.
The clinical history shows that these patients rarely have spontane­

ous bowel movements and they may even go weeks or months with­
out proper evacuation of the colon. Examination of the stools usually
reveals large amounts of indigestible foods which had been ingested
weeks befare. Sorne patients develop periods of diarrhea as a result
of the irritation from impacted feces in the lower portion of the colon.
The young children with megacolon are usually small and frail and

foil to gain weight properly. Their general state of nutrition is poor
because of the anorexia and the toxemia which result from the long­
standing fecal stasis. The victims of this malady usually show marked
muscular weakness, and complain of headaches and weakness gener­
ally. The skeletal muscles are soft and Habby. There is marked re­
tardation in the development of secondary sexual characteristics in
those who reach the age of puberty.
The abdomen may assume tremendous proportions and the enlarge­

ment is usually in the portion of the abdomen above the umbilicus.
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There is usually marked flaring of the costal margins d the di

b 1 l . , s an the 1a­phragms may e pusned up mto the chest and encr h th
1 . (Fº 480) oac upon eintrathorace organs 'ig. . The skin of the abdor ·. ,n:. d shi d .:. men 1s usuailythin an shiny an on percussion the abdomen is usually tyr ,,,,· · f 1 f · 1 l, vmpanitic

in spite o the act that large masses of fecal material can be al-
• pated along the course of the colon (Fig. 481). As a rule th _P

fl ºd · tl ·t 1 . , ere 1s nofree lui in he peritoneal cavity in the early cases but in the ad­
vanced forros of megacolon definite evidence of ascites is usu JI

D · 1 · a y pres-ent. . eep peristaltic waves are often visible over the abdomen and
gurglmg sounds may be heard either with or without the stethoscope.

Fig. 480.-Roentgenogram showing severe congenital megacolon. Note flaring
of the costal margins and compression of the liver, heart an<l lungs from the en­
larged colon and elevated diaphragms.

Most of the patients with megacolon have an elongated or re­
dundant sigmoid colon and a loop of the sigmoid colon may extend
up under the right lobe of the liver (Fig. 482). Sudden complications
may occur in the form of ulceration of the wall of the colon or per­
foration of the colon due to volvulus of the long sigmoid loop. Such
complications may result in death rapidly unless the complication is
promptly recognized and properly treated.

In infants the diagnosis may be extremely difRcult. The abdomen
is enlarged and visible peristaltic waves over the abdomen may give
the clue to the nature of the intestinal disturbance. Diarrhea may
alternate with constipation or the diarrhea may predominate for the
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Fig. 481.-Roentgenogram of young girl with megacolon involving descending
colon and sigmoid. Note ascending and transverse colon are about normal size.
Large masses of fecal material and barium in the distal part of the colon.

Fig. 482.-Barium enema showing elongated and enlarged sigmoid colon which
extends along the right side of the abdomen and pushes the liver upward and
outward.
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frst few weeks of life. Persistent vomiting cluring th ftf k
if . e rs ew wee sof I e is not uncommon. When an infant presents th • el1 1 ¡ ese s1gns an9772P2,2· 0eod"Pe'gongemital megacolo bot carcetídiere-

ential +iagg""8 "p%"" ? a"de to rule out congenital duodenal 6b­",,%"} g!c "gase, tuberculous peritonitis and riekets. Mechan­
ieal obstructor m U,,"",mst be ruled out by digital or procto­
scopie examination. t e c ulcl s condition will permit, the colon
should be thoroughly cleansecl ancl a thin suspension of barium should
be instilled slowly through the rectal tube so the size ancl shape of
the lower portion of the colon can be cleterminecl accurately on the

Fig. 483.Roentgenogram showing barium mixed with fecal matter three weeks
after small amount of barium was given by mouth.

roentgenograms. Contrast enemas using a small amount of air in the
colon frequently help in the roentgenologic interpretations. If the
colon is very large it is very important to evacuate all of the barium
from the colon by mechanical or medicinal means, otherwise serious
fecal impaction may result.
In olcler chilclren ancl in adults the palpation of the abdomen gives

the impression of a cloughy consistency of the intra-abdominal con­
tents, and frequently masses of varying sizes can be seen and felt
along the course of the descending colon and the sigmoicl colon ( Fig.
483). The masses may vary in consistency from that of thick dough
to that of hard putty. These masses are readily recognizable as fecal-
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iths since pressure over the mass with the finger usually leaves an
indentation in the mass. The masses may be found m any part of
the abdomen.
It must be remembered that congenital megacolon may exist in the

adult patient and remain as a latent or asymptomatic disturbance far
many years ( Fig. 484). In such patients the muscular dysfunction is
compensated for and spontaneous bowel movements are frequently
possible. These patients rely mostly on enemas of various types for
regular evacuation of the lower portion of the colon. In spite of the

Fig. 484.-Roentgenogram showing the latent or asymptomatic megacolon with
primary involvement of the sigmoid colon in an adult.

apparent satisfactory functioning of the colon the anatomic or path­
ologic changes may be very extensive and the serious complications
of volvulus, perforation, peritonitis or massive fecal impaction may
take place at any time.

PATHOLOGICAL CHANGES IN MEGACOLON
Analysis of the gross pathological changes in the colon of patient s

with congenital megacolon reveals that about 33 per cent of them
have involvement of the sigrnoid colon alone. Bartle13 is of the opinion
that the sigrnoid colon is invariably involved but always in conjunc­
tion with other adjacent portions of the large bowel. Analysis of the
cases which have been observed at the Mayo Clinic shows that 42.3
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per cent had involvement of the rectum and 11.5 per cent had involve­
ment of the cecum. The parts of the colon proximal to the hepatic
flexure were involved m 26.9 per cent of their cases. In ali of our
cases of congenital megacolon there was involvernent of the sigmoid
colon ancl the portions of the large bowel irnmediately adjacent and
proximal to the sigmoid colon.
In the congenital variety of megacolon the wall of the affected por­

tions of the colon is greatly thickened and presents the physical char­
acteristics of thick, wet leather (Fig, 491). The blood vessels on the
surface are enlarged and the lumen of the bowel is usually ten to
twenty times enlarged. The taenia and the haustra are absent and
the epiploic appendices and the mesentery are thickened and elon­
gated. Many large lymph nodes are embedded in the thickened
mesentery. The sigmoid colon is usually elongated and because of its
elongated mesentery it may present severa] extra loops. This is of
particular importance because it predisposes to volvulus and second­
ary perforation of the colon.
Adamson and Aird1·1 found that the nerves of the colon were en­

larged but this increase in size was due to fbrous tissue rather than
to any numerical increase in nerve fbers. The increase in the size of
the nerves is only part of the general increase in connective tissue
throughout the mesocolon.
The involved parts of the colon show signs of chronic inflammatory

changes such as hypertrophy, fissures, ulcerations and even an ulcera­
tive type of colitis with perforation of the colonic wall. Chronic
lyrnphatic stasis was usually presentwith sorne cystic degeneration in
the lymph nodes. The ganglion cells and fbers in the plexuses of
Auerbach have been found to be smaller and many of the ganglia
were imperfectly formed.

THE TREATMENT OF MEGACOLON

GENERAL, MEASURES

After the diagnosis of rnegacolon has been established the patient
should be hospitalized for further evaluation and study of the type
of abnormal function of the bowel. When these patients are brought
into the hospital the distal part of the colon is usually packed with
feces and often large fecal concretions are found which cause sub­
acute colonic obstruction with marked gaseous distention of the entire
colon.
This fecal matter must be carefully removed by using repeated

cleansing enemas of warm, soapy water together with the oral admin­
istration of mineral oil and if necessary the instillation of mineral oil
into the colon by means of a rectal tube.
As the frst step in the management of megacolon a careful rectal
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examination with the gloved finger must be done to make certain that
there are no congenital strictures m the rectum. If, however, such
strictures are present they must be treated by regular dilatation with
the finger or with soft rubber bougies before any other form of treat
ment is instituted. These strictures are usually situated l or 2 cm. fron
the anus so the child's mother or the nurse can be taught to carry out
the manual dilatation regularly. Occasionally these strictures are fmm
and unyielding and must be treated surgically in arder to overcome
the obstruction.
Rectal dilatation has been systematically employed by Hurst who

advises the use of soft rubber bougies of increasing size to induce
better relaxation of the internal sphincter rnuscles. Such mechanica]
dilatation of the anal canal and the recturn rnay be of real value and
should always be part of a well planned medical regimen. Adolescent
children and young adults have reported many weeks of relief follow­
ing a single manual dilatation of the sphincter rnuscles and evacua­
tion of the contents of the lower portian of the colon. Such forceful
dilatation of the rectum should always be carried out under general
or spinal anesthesia. Overstretching of the sphincter rnuscles usually
leads to a short period of fecal incontinence.

A great variety of medical and surgical methods of treatment have
been advocated in the rnanagernent of congenital rnegacolon. It is
our firrn belief that every patient with rnegacolon rnust first be care­
fully studied by the pediatrician or by the internist and all available
conservative methods of rnanagement should be given a fair trial be­
fore any surgical intervention is contemplated. It is a well established
fact that children under four years of age do not tolerate surgical
operations well and we believe they should not be exposed to the
hazards of extensive surgical operat ions unless perforation of the colon
or volvulus rnakes such an operation irnperative.
It is sometimes extrernely difficult to decide whether conservative

management should be continued or whether sorne surgical procedure
should be advocated. The age of the patient and the extent of the
involvement of the colon usually serve as valuable guides for therapy
since young children should always have the benefit of prolonged
medical treatment and those children over five years of age with ex­
tensive involvement of the colon should have the benefit of properly
planned and executed surgical treatment. The sudden developrnent
of sorne serious complication like intestinal obstruction, volvulus or
perforation makes surgical intervention necessary regardless of the
general condition of the patient. The surgeon rnust then rely upon
supportive rneasures to help tide the patient over the critical phase
after operation.

Obviously there are many children who are suffering from chronic
constipation and present roentgenologic evidence of sorne anatomic
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anomaly of the colon such as an undescended cecum, a mobil. • , 1 e cecurn
or a redundan"gop o the sigmoid colon. Our experience has proved
that this type ot condition can usually be adequately cared for by
special training and conservative measures alone.

MEDICAL MEASURES

As a remedial agent the use of acetylcholine is limited because it is
rapidly hydrolyzed to less active substances by certain esterases in
the blood stream. Oral administration of this drug is not effective
and the results from the parenteral administration are inconstant
unless the dosage is so large that the peristaltie action is overshadowed
by the undesirable toxic manifestations of the drug. Although it is
physiologically potent, its instability and its frequent alarrning toxic
effects after parenteral use have discouraged its use in the medica]
management of megacolon.
In the early part of 1935 tbe chemical cornpound of acetylbeta­

methuylcholine (mecholin and mecholyl) became available and the
problem of the medical management of megacolon began to change.
This chemical substance was synthesized by Major and Cline" and
chemically it is a derivative of acetylcholine. lt has the advantageous
pharmacological properties of acetylcholine but it is much more stable
in tbe tissues. When given orally it produces definite and continuous
stimulation of the parasympathetic nerves usually without untoward
toxic manifestations. It slows the heart action, lowers the systernic
blood pressure, dilates the peripheral blood vessels, stimulates the
sweat glands to greater activity, increases the tone of the intestines
and stimulates peristalsis. It may constrict the bronchioles and incite
an asthmatic attack and in large doses it may produce abdominal pain
and vomiting. The ill effects of this drug can be abolished imrnediately
by the subcutaneous injection of as little as o grain of atropine
sulfate.
Experience has shown that the optimum times for the administra­

tion of acetylbetamethylcholine bromide are (1) thirty to sixty min­
utes after breakfast, (2) in the midafternoon, or ( 3) at any juncture
to parallel and enhance an observed daily intestinal rhythm.111 If the
drug is given before breakfast we have found that the patients usually
develop the toxic manifestations of nausea, vomiting and abdominal
pain. This drug should be administered for a period of from fve to
ten days if we expect the autonomic imbalance to be corrected with
the establishment of the new reflexes which are necessary to regulate
intestinal function.
An average initial dose of acetylbetamethylcholine bromide for pa­

tients with megacolon is 0.1 gm., increased if necessary to 0.2 gm.
within two or three days. Then after several more days with this daily
dose if the bowel function is still not well established an additional
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dose of 0.1 or 0.2 gm. in rnidafternoon rnay be prescribed. As the
drug becomes effective in bringing about more normal function 3f
the bowel the daily enemas are discontinued but the oral admini stra.
tion of the mineral oil is continued because of its lubricating action i
the colon.
In sorne patients 0.2 grn. given each rnorning and in midafternoon

is required to initiate bowel rnovernents. If this quantity of the drug
produces diarrhea the dose should be reduced to 0.1 gm. the next
time the drug is given. When the patient becomes stabilized on a dose
of the drug which produces one or two stools daily we usually release
hirn from the hospi tal with instructions to take 0.2 grn. of acety]­
betamethylcholine bromide each morning about thirty minutes after
breakfast and l or 2 tablespoonfuls of mineral oil each evening and
report back to the doctor in two weeks. An occasional enema should
be used if the patient becomes constipated or is troubled with gaseous
distention of the colon.

Prostigmine bromide has been used as an augrnenter of the acetyl­
betamethylcholine brornide. Prostigmine prevents the destruction of
acetylcholine by the esterases in the blood. In moderate doses pro­
stigmine brornide is a safe drug to use and it does not disturb the
blood pressure or the heart action.

Klingman'' expressed the opinion that syntropan (Roche) is of
value in the managernent of certain cases of megacolon because it is
a parasyrnpathetic paralysant and has an action similar to atropine
in inhibiting the liberation of acetylcholine. He reported satisfactory
clinical irnprovernent following the use of syntropan on fve patients
with megacolon. Klingman'' and Law"" are not entirely in agree­
ment concerning the basis for drug therapy in patients with mega-
colon since sorne of the benefits which Law ascribes to the use of
drugs might also be explained on the basis of the excellent supple­
mentary medica! treatment which bis patients received in conjunction
with the drug therapy.
We are convinced that the medica! management of megacolon must

be employed vigorously to minirnize the distention of the colon and
prevent nutritional changes in children at least up to the age of five
years. We also believe that medica! managernent should be continued
after that age especially when the child continues to grow normally
and continues to have satisfactory evacuations of the bowel. Medica!
rnanagernent must always receive its proper attention as an active pre­
operative measure as soon as it is recognized that the disturbance of
colonic function cannot be completely controlled by the general and
medica! measures alone. Unfortunately the surgeon frequently loses
sight of this important fact and the patients come to operation im­
properly prepared for such an extensive surgical procedure.
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SURGICAL MEASURES

The surgical measures which' are of value in the management of
megacolon can be divided roughly into the emergency procedures and
the elective procedures. The emergency procedures are to be used
only as an heroic attempt to save a life after some acute surgical
catastrophe such as volvulus, complete mtestmal obstruction, gangrene
of the obstructed loop of bowel or peritonitis from perforation of the
colon has taken place. The minimal amountof surgical manipulation
necessary to accomphsh the 1mmedrnte task is all that should be done
in those patients with megacolon who may require immediate or
emergency surgical intervention.
At the top of the list of elective procedures we have the various

kinds of sympathectomy. When medica! treatment and sympathec­
tomy both fail to bring about relief in patients with megacolon then
we must consider the other elective procedures, such as partial or seg­
menta] colectomy or even total colectomy. When patients are being
prepared for colectomy the elective operations of cecostomy and
tangential colostomy should be considered to permitbetter cleansing
of the rest of the colon and for the safer execution of obstructive re­
section of the colon during and after partial colectomy.

Sympathetic Denervation of Colon.-Before the advent of sym­
pathectomy in the management of megacolon there was only a slight
difFerence between the mortality rates following medica! and surgical
measures. Passler17 reviewed the literature and collected 117 cases
of megacolon which had been subjected to sympathectomy. Com­
plete relief was reported in thirty-eight of the cases and improve­
ment was observed in sixty-four cases. There was failure to obtain
benefit in twelve patients and three died. In our own series of nine­
teen patients with congenital megacolon showing an age distribution
of two months to twenty years, we have subjected fourteen to the
operation of sympathetic denervation of the colon. Only one of these
patients failed to obtain satisfactory function of the bowel follow­
ing the sympathectomy and many months of intensive medical man­
agement. This patient will be reported upon more in detall in the
paragraphs devoted to colectomy.
The operation of sympathectomy is an empirical method of treat­

ment. There are various minor differences in the operations which
have been described yet ali of them are directed toward the interrup­
tion of the sympathetic nerves to the affected portion of the colon.
It must be emphasized that patients who have been subjected to sym­
pathectomy must be observed carefully for a long time after the
operation because it is not uncommon to have fecal impaction or even
volvulus take place many weeks after the operation. . .

Sympathectomy will not produce satisfactory results m cases m
which the muscle power of the colon has been lost. We have observed
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that there is a gradual diminution in the size of the colon as meas­
ured by roentgenologie studies for several years following the sym.
pathectomy. We have no new information about the changes which
take place in the thick, heavy wall of the involved portion of the colon
after sympathectomy, for none of our patients have had to be re.
operated upon and none has come to autopsy. One young man whom
we have followed for nearly fourteen years after sympathectomy stil]
shows sorne thickening of the colon but he has continued to have nor­
mal function of the colon despite the faet that he had never had
spontaneous bowel movement during the first nineteen years of his
life prior to the sympathectomy.

Fig. 485.-Roentgenogram showing marked dilatation of the transverse colon in
a man 58 years of age. The wall of the colon was thin and atonic.

White and Smithwick18 mention sorne irnportant observations which
throw additional light on the effect of sympathectomy upon the nor­
mal colon. They determined the intracolonic pressure relationship
before and after bilateral lumbar ganglionectomy, and combined
ganglionectomy and splanchnicectomy whichwere performed for the
cure of Raynaud's syndrome and malignant hypertension. They were
unable to show any alterations in the basic tone of the bowel, the
peristaltic activity or the sensory acuity of the bowel following such
complete sympathectomies. These observations, however, have never
been made on patients with congenital megacolon.
Wade1" observed that patients who showed hypertrophy of the
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colon and visible peristalsis clic! well following sympathectomy. When
hypertrophy of the colon was absent, the improvement which f]
lowed the sympathectomy was minimal and in those patients in whom
the disturbance of the colon hacl progressecl to the stage f k d:. ·th h:: k li o1 markedilatation wih t mn, weas muscu ature of the colon the lt f 1. , resu s O.­
lowing sympathectomy were completely unsatisfactory. These patients
were m constant danger of great gaseous distention of the bow 1 d
kinking of the sigmoid loop. They required regular enemas ¡],
about evacuation of the bowel. One such patient came under our ob­
servation and because the bowel was greatly distended and thin

Fig. 486-Photograph of entire colon and terminal ileum removed at autopsy
from a patient with enormous dilatation of the right half of the colon and secon­
dary volvulus with gangrene of ascending colon. The rule in the center is 6 inches
long.

walled we were certain that sympathectomy would give no improve­
ment (Fig. 485). Arrangements were made for him to enter the hos­
pital and be prepared for the resection of the colon and an ileorec­
tostomy. Without our kowledge and while he was at home he
developed acute intestinal obstruction from volvulus of the ascend­
ing colon with gangrene of the cecum. When he was brought to the
hospital he was moribund and autopsy showed the tremendous dila­
tation of · the entire right two thirds of the colon with volvulus in­
volving the ascending colon ancl cecum with gangrene of the bowel.
The photograph shows the specimen after it had been untwistecl
(Fig. 486).



1186 LOUIS G. HERRMANN

Technical Considerations.The operation of lumbar sympathecton,
was first performed in the treatment of megacolon by Wade and Roy4j»
in 1927. Their operation consisted of ramisection of the left lumbar
sympathetic ganglia. Since that time severa! modifications of their
original operation have been described in . the medica! literature.
Rankin and Learmonth2º advocafod the resection of the superior hypo­

Fig. 487.-Drawing showing anatomie relation of various portions of the ab­
dominal sympathctic nervous system.

gastric plexus (presacral nerve of Latarjet) together with the re­
moval of the inferior mesenteric plexus of sympathetic nerves (Fig.
487). Judd and Adson" reported good results in the treatment of
megacolon from 'bilateral lumbar sympathetie ganglionectomy. More
rcccnlly, howcver, thcy suggcsted the resection of the lumbar splanch­
nie nerves together with the upper lumbar sympathetic ganglia for the
moro severo vnriclies of megacolon.
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All of the operations upon the lumbar sympathetic ner ¡ .· ¡ · ves a so m-terrupt important sympathetic fibers to other organs beside the distal

portion of the colon. Resection of the superior hypogastrie plexus in­
terrupts the motor fibers to the semmal vesicles and the prostat 1 d
ad ábolishes the efaculation of semen which produces,i ",
male. When the second and tlurd lumbar sympathetic gangli

d h f . l . f ua areremove the power ot ejaculation o! semen is not disturbed but
vasomotor paralysis of both lower extremities takes place so the skin
of the legs and feet becomes hot and dry. This vasomotor paralysis
in the extremities causesno discomfort or disadvantages.
Telford and Stopford have suggested the resection of the pre­

aortic plexus of sympathetic nerves in order to avoid sterility in the
male and at the same time not interfere with the vasomotor control
of the lower extremities. This at frst appeared to be the operation
of choice but because of the uncertainty of the anatomical distribu­
tion of these sympathetic fibers these authors finally decided that bi­
lateral lumbar sympathetic ganglionectomy would give more uniform
denervation of the colon in patients with megacolon.

Scott and Morton23 made an important contribution to this fielcl
when they suggested the use of spinal anesthesia as a means of in­
hibiting the sympathetic impulses to the colon to bring about evacua­
tion of the colon in patients with megacolon. This test aids in the
selection of suitable cases for sympathectomy.
After the muscle tone of the colon has once been lost through over­

distention from feces or gas, the operation of sympathetic denerva­
tion of the part will not give satisfactory results. lt is important, there­
fore, to prevent such overdistention of the colon in order to preserve
the tone of the bowel in ali patients with megacolon who might sub­
sequently be treated by sympathectomy.
We believe that the operation of abdominal sympathectomy should

be performed by the transperitoneal route since that approach also
affords an excellent opportunity for the surgeon to examine the entire
colon and to determine accurately the extent of the pathological
changes in its wall. By this route both lumbar sympathetic trunks and
their ganglia can be removed at the same operation. Other important
sympathetic nerves which course along the preaortic area and into
the inferior mesenteric plexus can also be interrupted at this opera­
tion if the severity of the megacolon demands such an extensive inter­
ference with the sympathetic innervation of the colon.
The retroperitoneal approach to the lumbar sympathetic ganglia

and trunks possesses no real advantage in the management of mega­
colon and has the great disadvantages that two separate operations
are necessary to completely denervate the colon and the surgeon never
gets a chance to determine the extent of the pathological changes
by direct examination of the bowel.
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Since 1932 we have performed the operation of ~bdominal sym­
pathectomy by using the transpentoneal route and in the more ad.
vanced varieties of megacolon we have removed most of the preaortic
plexus of sympathetic nerves together with the inferior mesenteric
plexus and its ganglia, the superior hypogastric plexus and both lum­
bar sympathetic trunks with the second and tlmd lumbar sympathet
ganglia ( Fig. 488).
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Fig. 488.--Schematic drawing showing the portions of the sympathetic nervous
system from which the innervation of the colon is derived. Portions shown in black
should be removed for complete denervation of the colon in the treatment of con­
genital megacolon.

The operation of sympathectomy does not always restare the in­
volved bowel immediately to normal functional activity. It is sorne­
times necessary to enlist the aid of daily enemas, mineral oíl and even
mild laxatives for severa! weeks before the habit of spontaneous
evacuation of the bowel is established. Sympathectomy <loes not al­
ways solve the therapeutic problem in patients with megacolon and
even intractable relapses have been reported. Sorne of these patients
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have died from acute intestinal obstruction secondary to e t di

f h 1 . f x reme s-tention o t e co on or interterence with the blood supply to the colon
by volvulus.

Resection of the Colon (Colectomy).--There is still consid b]
f . . b h ff I era edifference ot opinion about the most elfective surgical measure in the

treatment of megacolon. Yeazell and BelP? have reported good results
from resection of the colon in six cases of Hirschsprung's disease.
More recently Gnmson, Vandegrift and Dratz25 condemned the more
conservative methods of treatment and expressed the opinion that
when resection of the colon was indicated it should start with the
cecum and continue distally through the proximal divisions of the
colon to the sigmoid region if necessary in order to have the liquid
contents of the ileum empty into the remaining and preferably rather
short segment of the terminal colon. They also believe that sympath­
ectomy interrupts the pathways of visceral pain so completely that
the early warning of impaction, pressure necrosis· or volvulus is abol­
ished in these patients.
Accurate observations concerning therapeutic results are difficult

to make because of the limited number of patients which any one
observer has the privilege of studying as well as the difficulties which
are encountered in trying to follow these patients for long periods of
time.
With due regard for sympathectomy we also believe that partía]

colectomy is indicated in the segmenta] type of megacolon when only
- a small portion of the colon is involved in the hypertrophy and dila­
tation and the adjoining segments of the colon are relatively normal.
The mortality in this type of operation is much lower than when ex­
tensive resection of the colon is necessary. The disturbing feature
about the operation of segmenta] resection of the colon is not the im­
mediate mortality but the fact that progressive dilatation of the seg­
ment of the colon proximal to the portion which had been resected
frequently takes place. Hurst' states that he has observed the dila­
tation of the bowel to extend into the ileum after the entire colon had
been removed. Usually, however, the resection of segments of the
colon gives excellent end results and removes the danger of volvulus
which develops all too frequently after sympathectomy.
Patients with megacolon who have not been benefited by the com­

bination of good medica] management and sympathectomy should
be subjected to partial or total colectomy if they can no longer be
benefited by the less drastic measures. Persistent obstipation with
fecal impactions and ali the accompanying troubles is sufficient to
justify the most radical of surgical procedures if there is the slightest
chance of giving the patient sorne relief.
We also believe that the type of megacolon which is due to low­

grade mechanical obstruction of many months or years standing, when
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surgical removal of the obstructing lesion still fails to bring beneR
to the thin walled and overdistended colon, should be given re]ar
by colectomy. Volvulus with gangrene of the enlarged and dila+j
colon frequently presents itself as a serious complication in this typ
of megacolon (Fig. 486).
In addition to these three groups we believe that subtotal colectomy

should be carried out in those patients with megacolon who show no
contraction of the bowel or evacuation of feces following spinal anes.
thesia and for whom intensive drug therapy fails to reduce the size
of the involved colon or reestablishes the peristaltic activity.

Subtotal colectomy is not indicated in infants with megacolon un­
less they present complications which make resection of part of the
colon necessary to remove gangrenous areas. Even under such cir­
cumstances it is much safer to exteriorize the damaged portion of the
colon and then perform the resection of the colon in stages at sorne
later date.
In a review of the literature Carey was able to study ninety-fve

cases in which subtotal colectomy was performed for megacolon. The
mortality rate for these cases was 27 per cent.

Dixon"" reported that, in his experience, in patients who have had
great dilatation of the colon for many years there are always perma­
nent changes in the wall of the bowel and subtotal colectomy is the
only surgical procedure which will give satisfactory improvement.

Barrington-Ward" reported fve cases in which total colectomy was
done and an ileocolostomy or ileorectostomy was performed to re­
establish the continuity of the bowel. In the 102 cases of megacolon
treated by partial colectomy and reported by Ask-Upmark," the bene­
fts were observed immediately and the author thought they would
be permanent.

The one patient in our series, a girl 20 years of age, who failed to
show improvement after intensive medical treatrnent and sympathec­
tomy was subjected to resection of the sigmoid colon ( Fig. 489).
After the sigmoid colon was removed from the rectum by the use of
Payr clamps in an aseptic manner, the distal end of the sigmoid colon
was freed by dividing the mesentery so the enormously dilated and
hypertrophied bowel could be emptied of the fecal content by placing
the distal end over the side of the operating table and removing the
Payr clamp. This was excluded from the field of operation and the
entire contents of the colon were milked out. The fecal matter had
the consistency of putty and in all 42 pounds of feces and colon were
removed without causing any untoward reaction in the patient during
the entire operation. A Devine type of colostomy was made so that
the distal end of the descending colon and the upper end of the rec­
tum could be brought together in such a way that the fecal stream
will later be reestablished by crushing the spur between the two
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portions of the bowel (Fig. 490). We prefer to all
I b f ti . . ow several monthto elapse etore he continuity of the colon is reestab]ishe] : 1s

ai she in order
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1
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Fig. 489.--Photographs of a young woman with congenital megacolon. Pictures
taken befare and ten days after partial colectomy (see Fig. 490). A, Site of cecos­
tomy. B, Site of Devine colostomy.

to give adequate time for the medica! and drug therapy to completely
restare the function of the remaining portian of the colon. At this
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time, two months after operation, the colon is functi oning normal]
and the portion visible at the colostomy opening is of normal size 44
activity. The patient has gained 21 pounds in weight and is normally
active.
The removal of a greatly dilated and thickened portion of the

colon ( Fig. 491) is a somewhat different surgical procedure from the
resection of a diseased portion of an otherwise normal colon. It is
our opinion that all of the involved colon should be resected by a one
stage aseptic procedure and when possible a temporary double-barre]

Fig. 490.-Drawing showing the resection of the enlarged sigmoid colon. Note
method of emptying entire large bowel of large quantities of putty-like fecal
material without contamination of the feld of operation. Wounds healed promptly
without infection.

colostomy should be constructed. This colostomy can be closed any
time from a few weeks to several months but not until the patient has
shown definite general improvement. If the caliber of the entire colon
is greatly increased it is wisest to remove it entirely or at least to the
upper part of the rectum. The proximal end of the rectum and the
distal end of the terminal portian of the ileum are brought to the
outside of the abdomen and the final anastomosis should be made as
a second stage procedure at some later date. The procedure described
above gives us hope of saving portions of the colon which may be
showing only secondary changes that may be reversible. Certainly
with the modern drug therapy it should be possible to restare normal
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,,

function to parts of the colon which previously were tho ht t b
involved in the process of megacolon. ug O e
It has been found that a liberal left rectus incision is a s t· f t

f bd . l . l f austactorytype o a omma openmg to have, or it affords adequat
1 · fI e exposureof the sp enic exure of the colon which occasionally is ve diff

to mobife adeuately. The mesetery of he sigmoíd o 4,,'
descending colon is usually elongated and this adds greatly to the
ease with which an enlarged colon can be mobilized and even brought
out onto the abdomen to facilitate the resection. The anal sphineter

r, +,

Fig. 491.-Photograph of the portion of the sigmoid colon removed at operation.
Note the leather-like, thickened wall and the dilated blood vessels on the surface.

muscles should be forcefully dilated at the completion of the colec­
tomy and again when the colostomy is closed.

Because of the poor healing qualities of the enlarged bowel due to
long-standing distention and lymphatic stasis in the tissues, the single
stage resection of a part of the colon in megacolon and an immediate
anastomosis between the proximal and distal segments of the bowel
is fraught with danger of serious complications. We do not recom­
mend this one-stage procedure in the management of the more ad­
vanced types of megacolon.



1194 LOUIS G. HERRMANN

In the interval between the resection of the portion of the col
and the closure of the colostomy and after the immediate postopen.
tive period, the patients are allowed a high protein, high vitamin and
low residue diet. They may wear a colostomy bag or simply take a
cleansing enema through the proximal loop of the colostomy each
morning and then just wear a pad of soft material over the colostomy
opening. They are taught to carry out irrigations of the lower loop
of the colostomy at regular intervals.

SUMMARY

Because of the incomplete and sometimes apparently conflicting evi­
dence we are not justifed in making any exact statements concerning
the pathologico-physiologic mechanisms which are at work in the
production of congenital megacolon. Experimental evidence, the effect
of surgical interruption of the sympathetic nerves to the colon and the
action of cholinergic drugs certainly tend to support the neurogenic
theory of megacolon as a functional imbalance of the autonomic ner­
vous system which innervates the colon. Since there is no exact test for
overactivity of the sympathetic elements of the autonomic nervous
system, the final decision about when to do a sympathectomy to re­
duce the hyperactivity of the sympathetic nerves must be empirical.
Sympathectomy should not be done in the very young children and
the results in patients with great dilatation of the colon and weak
musculature are very discouraging. Sympathectomy does not miracu­
lously restore function of the bowel in all patients with megacolon,
and adequate parasympathetic tone and sh·ong colonic musculature
are absolutely necessary for normal peristalsis and evacuation of the
bowel. Patients with vigorous visible peristalsis and hypertrophy of
the wall of the colon usually respond best to the operation of sympa­
thectomy.
The administration of sorne cholinergic drug, which should be the

remedia! agent for diminished tone of the parasympathetic nerves, is
the only known functional test for tonus of the bowel, but its use is
also empi.rical. The proper and prolonged use of acetylbetamethyl­
choline bromide has proved valuable in the management of mega­
colon and might be a valuable adjuvant in the management of those
patients with megacolon who have not received complete or lasting
relief from sympathectomy.
When the operation of sympathectomy is performed it is important

to remove sufficient fibers from the sympathetic nervous system to
produce complete denervation of the involved portion of the colon.
In advanced types of megacolon and in certain types of acquired

dilatation of the colon it may be expedient to remove the involved
portion of the colon and later restore the continuity of the bowel.
This operation of colectomy is especially valuable in the management
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of those types of megacolon which have failed to respond to intensive
medica! and drug therapy or sympathectomy.
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TECHNIC OF ANASTOMOSIS OF TlIE COLON
FOLLOWING RESECTION

PAUL I. HoxWoNrn, M.D., PI.D., F.A.C.S.°

IN the surgical removal of canecer of the colon there is common
agreement among surgeons as to the fundamental objectives desired.
Attempt is always made to transect bowel at points wide of the
primary growth, to remove an extensive area of the regional mesentery
and its contained lymphatic structures, and to preserve blood supply
to the remaining segments of colon. Beyond these points of agreement
there are diflerences in practice both in the technics using during
the resection and in methocls used for restoring the continuity of
bowel.
At the time of operation the surgeon may elect to reestablish con­

tinuity of the intestine immecliately or he may choose a method re­
quiring delayed anastomosis, such as a modification of the so-called
Mikulicz procedure or obstructive resection. At the Cincinnati General
Hospital it has been the practice to follow resection with immediate
anastomosis, by either an open or closed method, in all except occa­
sional cases.1 In orcler to do this it is necessary to establish suitable
conditions for the avoiclance of sepsis and for primary healing by use
of careful preoperative, operative and postoperative measures. Suit­
able conclitions will be defined in terms of .clinical criteria throughout
this paper. If these conditions cannot be met with respect to the
individual case, it is safer to resort to exteriorization and delayed anas­
tomosis. If they can be realized, primary anastomosis becomes a safe
method and usually permits a wider resection of the mesentery. Also
it shortens the period of hospitalization for patients and obviates the
necessity for secondary operative procedures. The latter two con­
siderations are largely economic and they are of importance only if
safety is established.

CONSIDERATIONS IN THE PREPARATION OF THE PATIENT FOR
RESECTION

Once the diagnosis of carcinoma of the colon is made and the lesion
is Iocalized by sigmoidoscopy or roentgenology, the presence of con­
stipation or obstipation, abdominal distention and x-ray evidence of
retention of gas, fecal material or barium indicate obstruction. In this
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clinic any degree of chronic or acute obstruction due to lesions dist l
to the hepatic flexure is relieved by antecedent proximal coloston
Neither distended thin nor edematous thickened intestinal wall leí,
itself to safe anastomosis. Of equal importance is the fact that systemis
disturbances secondary to obstruction militate against recovery. The
may be disturbances in chemistry, nutrition and water balance, and
in mechanical interference with the respiration due to abdominal dis­
tention. Tangential cecostomy is preferred in cases of simple obstruc­
tion because it provides adequate decompression, it is safely and
easily performed under local anesthesia in one stage, and in most
instances doses spontaneously. If operative closure is required it is
a relatively simple procedure. If associated local inflammation is pres­
ent complete diversion of the fecal content as well as decompression
is essential. Fever, leukocytosis, tendei-ness, palpable fxation and fs­
tulous tract formation are signs of inflammation. When these are pres­
ent in connection with lesions at or distal to the splenic flexure a
modification of the Devine colostomy performed on the right or left
half of the transverse colon is used. The technic for this and the
method for later closure are as described by Ochsner, DeBakey and
Rothschild.2
Obstruction secondary to lesions in the cecum and ascending colon

is encountered rarely. This is due to the fungating quality of the
growths with less tendency to scirrhous contracture, the larger lumen
of the bowel, and the fluid consistency of its contents. If obstruction
is present here it often denotes incurability by resection either because
of local extension of the tumor or of widespread metastases. Signs of
associated local inflammation are, also frequently present. Often the
relief of obstruction in the right colon may be accomplished by use
of the Miller-Abbott tube or continuous gastric suction and frequent
small enemas. Unless distinct progress is made in two or three days,
decompression is then best obtained by performing an ileotransverse
colostomy through a short transverse incision. In our hands simple
anti-peristaltie side-to-side anastomosis has often proved valuable. If
the general condition of the patient and local condition of the bowel
justify the procedure, the ileum may be divided and the end turned
in before the anastomosis is made.
In the absence of obstruction we do not hesitate to perform resec­

tion with immediate anastomosis without decompression. The pre­
operative management of these cases and of those in which obstruc­
tion has been relieved are about the same. In the supportive manage­
ment anemia is treated by adequate transfusion of whole blood, and
a diet high in carbohydrates, protein and calories, and low in residue
is given. If the oral intake is not adequate, solutions of amino acids,
glucose and saline are used intravenously. Daily minimum require­
ments of vitamin B are satisfied.
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In addition to the supportive management cvery attempt is maclc

to cleanse the bowel as thoroughly as possible, Collcctions· of , ,
d b · t ti t · f · . gas,stool an arium at he :ime ol resection interfere with exactness '

l . . . f I ess rntechnic and increase opportunities or soi ing of the peritoncum. A
cleansing enema of saline or tap water is given by rectum and throuuh
the colostomy each day. Succinylsulfathiazole is given orally each 4¡
hours for five days before operaban, The dosage is calculate<l at the
rate of 0.25 gm. per kilogram of body weight for twenty-four hours.
On the day before operation an x-ray examination is made for the
presence of gas, stool and barium in the colon. At this time the patient
is placed on a hqmd chet, and contmuous gastric suction is begun
on the evening befare or the morning of operation.
On the day of operation the skin is shaved widely and prepared by

gentle washing for five minutes with gauze saturated in 1:100 aqueous
solution ot cetylpyridinium chloride ( ceepryn chloride). Towels an<l
drapes are applied with regard to the planned location of the incision.
Ali lesions of the colon except those lying very low in the sigmoid are
approached through a transverse incision, often exten<ling into the
flank as described by Hoag.3 We are convinced that the transverse
ineision aflords better exposure than a vertical one, less retraction is
required, wound disruption is encountered less often, there is less
postoperative pain and splinting of respiration, and healing occurs
with a finer scar. The wound is isolated from the skin by fixing the
under sides of towels to skin edges with Michel clips. Careful atten­
tion is paid to hemostasis and the subcutaneous and muscular layers
are protected from trauma and from the field of resection with moist
laparotomy packs.

PROCEDURE FOR LESIONS IN THE CECUM, ASCENDING COLON
ANO HEPATIC FLEXURE

Upon opening the peritoneum, frst the liver and then the regional
lymphatic area are palpated for metastases. ( If remate metastases are
present palliative resection may be done. Many of these patients re­
main in relative comfort for months.) The primary growth is examined
with care, since rough handling may result in perforation and soiling.
If there is evidence of an active inflammatory process extending be­
yond the bowel wall, with or without abscess, ileocolostomy is done
without resection.
If this complication is not present, the cecum, ascending colon and

hepatie flexure are mobilized by incising the avascular lateral mesen­
teric reflection. The bowel is rotated mesially and the ureter and
spermatic or ovarían vessels are identifed from their origin clown to
the brim of the pelvis and spared. The retroperitoneal fat and lym­
phatic-bearing tissue are removed using a gentle wiping process with
gauze alternating with sharp dissection, and carried mesially with
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the bowel and its mesent ery to the points of origin of the right e]
. 1d f th ·oleand ileocecal artenes. At the upper en o t e field the descend;

portio of the duodenum is identifed and the beginning of the +,"
verse mesocolic reflection is divided at its attachment to the duodenu s
and to the anterior surface of the head of the pancreas. The disse+,
below is carried proximal to the cecum to include the mesentery of
about 12 cm. of the terminal ileum, incising only the serosa. The
entire mobilized segment is then elevated and its blood supply vis
ualized. The points for division of the transverse colon above and the
ileum below are selected and the mesial reflection of mesentery is in­
cised with a scalpel from these points to an apex at the points of
origin of the right colic and ileocecal arteries. The vessels are iso­
lated, divided between clamps and transfixed with No. 000 silk. At
the points selected far division of the transverse colon and the ileum
the serosa is carefully cleansed of fat and mesenteric tissue by a
gent le wiping process with a single !ayer of gauze over the finger.
Small perforating vessels are clamped as they are encountered clase
to the serosa, divided with a scalpel and ligated with fine No. 0000
silk. This is done far a sufleient distance to permit the placing of
clamps and far an additional margin of serosa to allow later inversion
or anastomosis without interposition of fat, long segments of vessels
or large ligatures. Pairs of Kocher clamps are applied in a position to
shorten the antimesenterie borders of the viable segments. The bowel
is then divided with cautery at each site and the specimen is removed.

At this point either a side-to-side anastomosis similar to the method
of the Halsted entero-enterostomy4 or an end-to-side anastomosis some­
what according to the technic described by Rankin" is employed. If
the side-to-side method is used, simple closure of the ends of the
ileum and transverse colon is made over the clamps with a single
row of Halsted mattress sutures of No. 000 silk. These are laid in
place to include the submucosa, drawn up to accomplish inversion as
the clamp is withdrawn, and tied. The closure is then reinforced by
placing a Lembert mattress suture between each two Halsted mat­
tress sutures using No. 0000 silk. Another method often used is that of
an inverting right angle (Cushing) suture of No. O chromic catgut
over the Kocher clamp. This suture, after the clamp is removed and
inversion is complete, is continued back as a second row and tied. We
prefer either of these methods to that of ligating the bowel and invert­
ing the ligated stump because they avoid cavities closed at each end
with ligatures.
After both ends of the bowel are closed, the terminal ileum is held

parallel to the longitudinal band of the transverse colon, and the side­
to-side anastomosis is done near the ends in arder to leave as little
blind stump as possible. The feld is carefully walled off with gauze
packs. Traction sutures of silk are placed at each end of the proposed
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Fig. 492.-Steps in side-to-side ileocolostomy. l . Posterior continuous sutures
of silk between two traction sutures. 2, Anterior row of Halsted mattr ess sutures
placed. 3, Mattress sutures pulled aside; incisions made in bowel and vessels
clamped and tied with catgut or coagulated.

bent like a hairpin can be placed á.cross the bowel. One is used
across fue ileum and one across the colon. At the site of the anas­
tomosis itself no clamps are used. The bowel is held up by the assist­
ant lifting the traction sutures, and there is ordinarily no escape of
intestinal contents. The bowel is opened with a knife and scissors or
with high frequency cautery, and bleeding points are clamped and
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tued with No. 000 chromic catgut or they are coagulated (Fig, 492, g)
The posterior suture line is reinforced with a continuous lock stitch o}
No. 0 or 00 chromic catgut which goes through the entire thickness
of both walls ( Fig. 493, 4). The ends of the anterior row of mattres
sutures are pulled up, the traction sutures are cut or pulled aside and.
when the mattress sutures are drawn up to approximate the boweÍ
and tied, the anterior lip of the anastomosis is closed ( Fig, 493, 5).
A Lembert suture of No. 0000 silk is placed between each two mat­
tress sutures. The angles of the anastomosis are reinforced with mat­
tress sutures of No. 000 silk and the occluding rubber-shod clamps or
lead bar clips are removed. After removal of the protecting gauze

Fig. 493.-Steps in side-to-side ileocolostomy (continued). 4, Posterior lock stitch
of catgut through all layers of bowel. 5, Mattress sutures pulled up and tied.

packs the gloves are changed before continuing the operation. The
overlapping folds of the mesentery are sutured together to close the
defect, care being taken not to injure the blood supply. We have
abandoned the use of a sulfonamide in the peritoneal cavity, rely­
ing upon systemic administration by the intravenous or subcutaneous
routes only in occasional cases where soiling has occurred.
If the end-to-side method of ileocolostomy is used the cut end of

only the colon is closed and a site is selected for the anastomosis. A
portion is tented up by grasping it with two Allis clamps. A Kocher
clamp is placed across this area longitudinally and the protruding
portion, which is made to correspond in size with the diameter of the
ileum, is excised with the cautery (Fig. 494, 2). The stump of the
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ileum, which is held in a Kocher clamp, is then approximated to the
defect in the colon and the anastomosis is begun. Using an atraumatic
needle, a posterior running suture of No. O chromic catgut is placed
with a tie at the beginning and a lock at the end, leaving both ends
long m order to he them later at each end of the anterior suture
( Fig. 494, 3). The clamps are then rotated inward and a continuous
right angle (Cushing) suture is placed anteriorly with no tie at either
extremity (Fig. 495, 4). The clamps are withdrawn as the assistant
makes traction on one end of the suture to begin the inversion. The

Fig. 494.-Steps in end-to-side ileocolostomy. 1, Division of terminal ileum. 2,
Kocher clamp on side of colon. 3, Posterior continuous suture of catgut .

operator completes the inversion by making traction on the other end
of the anterior suture. Agglutination of the crushed ends of the bowel
is depended upon to maintain closure until the inversion is accom­
plished. Corresponding ends of the anterior and posterior sutures are
then tied ( Fig. 495, 5). The long end of the posterior suture is con­
tinued around anteriorly and tied, forming a second anterior suture
line ( Fig. 495, 6). The continuity of the lumen is established by in­
vaginating the walls of the ileum and colon with the thumb and fore­
finger. The anastomosis is reinforced posteriorly and at the angles with
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Lembert sutures of No. 0000 silk. A portion of omentum is anch d
loosely over the anastomosis with silk. The same attention is di,'
to the mesentery as described in the open type of anastomosis. c e

Fig. 495.-Steps in end-to-side ileocolostomy (continued). 4, Anterior right
angle ( Cushing) suture of catgut over clamps. 5, Anterior suture pulled up after
clamps are removed. 6, Posterior suture continued as second anterior !ayer.

PROCEDURE FOR LESIONS DISTAL TO THE 1-IEPATIC FLEXURE

Far lesions beyond the hepatic flexure an end-to-end aseptic anas­
tomosis is usually done, but in sorne cases circumstances encounterecl
at the time of resection prevent the operator from proceeding with
end-to-end anastomosis. Great disparity in the size of the bowel prox­
imal and distal to the lesion may be present, requiring a side-to-side
anastomosis in the manner described above for resections of the right
colon. This may be true despite preliminary decompression and fre­
quent irrigation. After careful exploration of the abdomen to deter­
mine the extent of metastases, adhesions adjacent to the lesion are
divided by sharp dissection in order to elevate the bowel to the full
length of its mesentery. The points for division of the bowel and its
mesentery are then selected wide of the lesion, testing the proposed
sites for division carefully to determine that they can be approximated
without tension. The lateral and mesial reflections of mesentery are
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divided from these points to an apex at the base of the mesentery.
This is done w1th the same respect for blood supply and tl ¡

l. d · d. ·d ¡¡ 1e vesse sare ligate individually as described under the procedure for resec­
tions of ~he _nght colon. Extreme care is taken to remove the appen­
dices epiploicae and other fat tabs from the bowel at the proposed
site of anastomosis. Stone clamps are applied diagonally so that the
antimesenteric border is somewhat shorter than the mesenteric. A
Kocher clamp is placed on the segment to be removed next to each
Stone clamp and the bowel is divided between clamps with cautery
(Fig. 496, 1 ) • The cut ends of the bowel held in Stone damps are

Fig. 496.-Steps in end-to-end aseptic intestinal anastomosis. 1, Division of bowel
with cautery between Kocher and Stone clamps.

then brought into apposition. A single row of Halsted mattress sutures
of No. 000 silk is laid on one side, just far enough from the clamps so
that they can be pulled up and tied (Fig. 497, 2). A row of mattress
sutures is laid on the opposite side of the bowel and a rubber-shod
clamp or lead bar is placed across the proximal loop (Fig. 497, 3).
The Stone clamps are removed. The second row of mattress sutures is
then pulled up and these are tied, completing the inversion ( Fig.
497, 4). A Lembert suture of No. 0000 silk is placed between each
two Halsted sutures (Fig. 497, 5). Serosal approximation at the mes­
enteric border is the most difRcult and must be obtained by precision
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in placing the sutures. After completing the suture, continuity is estab.
lished and the adequacy of the stoma is determined by invaginating
the bowel on either side with the thumb and forefinger. The cut edges
of the mesentery are approximated carefully to leave no defect or ra
surfaces ( Fig. 497, 5).

-- ·.. Le:.her. su.u:es:::±:..res su.urc> /_, 9,
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Fig. 497.-Steps in end-to-end aseptic anastomosis (continued). 2, Clamps ro­
tated and first row of Halsted mattress sutures of silk placed. 3, First row of sutures
tied and opposite row of mattress sutures placed. 4, Stone clamps removed and
second row of mattress sutures tied. 5, Completed anastomosis.

CLOSURE OF THE WOUND

The exact method of closure of the wound has differed with indi­
vidual operators. As a rule, the peritoneum is closed with continuous
No. O or No. 1 chromic catgut. The wound is thoroughly but gently
irrigated with saline solution, the muscle and fascia closed with inter­
rupted figure-of-8 sutures of doubled No. 000 black silk or of No. 1
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eh9py,"gpgy· ad the siy}itrwdNo. gooo s. no ese,
in wmiel so1mg has occurre the closure 1s usually mad ·ith 9]l .s. Th l ·d 1e wt zgauge s1 ver wire stay sutures. hese are p ace throughall I f
je ábdomial wall, no suture material béig sed m éi,',},
incision.

POSTOPERATIVE CARE

The postoperative care is important, but usually not difficult Th
operation is ordinarily not accompanied by much loss of blood 6 1
shock. Intravenous injection of glucose and saline solution is give~
during operation and whole blood is substituted if indicated. Continu­
ous gastric expression is usually maintained until the morning after
the operation. The patient is placed in a position of comfort when
recovered from the anesthesia and is turned from side to side at two
hour intervals. Morphine is given as necessary to avoid pain and rest­
lessness. Deep breathing exercises are encouraged and hyperventila­
tion with carbon dioxide is effected at regular two and four hour
intervals respectively throughout the first postoperative day. If a colos­
tomy is present, water by mouth is started on the <lay after operation
and a diet low in residue is given as soon as tolerated. If no colostomy
has been provided small amounts of water only are given for the first
forty-eight to seventy-two hours. The urinary output is maintained at
a leve! of above 1000 ce. for each twenty-four hour period by paren­
teral hydration with glucose and saline solution if oral intake is not
adequate. Daily requirements of vitamins B and C are satisfed.

COMMENT

Even though careful preliminary preparation designed to permit
safe immediate anastomosis is· employed, one is occasionally con­
fronted with ci.rcumstances that force him to abandon primary anas­
tomosis in favor of a Mikulicz or an obstructive type of resection. For
example, the colon proximal to the lesion may be filled with inspis­
sated stool despite antecedent colostomy and days of attempts to
cleanse the bowel by irrigation. Another example of such a circum­
stance is the presence of an abscess secondary to perforation at the
site of the lesion. Also the general condition of the patient after
mobilization of the lesion may contraindicate further abdominal
manipulation, and require an exteriorization procedure with obstruc­
tive resection. lt must be admitted that methods of immediate anas­
tomosis following resection for carcinoma of the colon are not suitable
for anyone unwilling to pay exact attention to details of careful pre­
operative, operative and postoperative management. Disregard may
lead to complications, chiefly those of leaking of the suture line with
peritonitis and intestinal obstruction.
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Principies to be regarded in obtaining the best possible results
be enumerated: may
l. Preliminary correction of anemia and of disturbances in che .

tr t ·t· d · ·mis­y, nutrition and hydration.
2. Relief of obstruction and attempts at thorough cleansing of th

intestine before removal of the lesion. e
3. Use of the abdominal transverse incision.
4. Careful attention, during resection of the mesentery, to preserva­

tion of blood supply to the segments of bowel at and adjacent
to the proposed site of anastomosis.

5. Gentleness in the dissection and handling of the bowel and its
mesentery.

6. Adequate mobilization of the segments to be anastomosed in order
to prevent tension at the line of suture.

7. Precision in placing of sutures after careful preparation of the
bowel to receive them. Inverting mattress sutures should catch
the submucosa but not penetrate the mucosa, and should be tied
just tight enough to hold serosal surfaces in apposition but
must not strangulate the tissue. Inversion of too much of a
diaphragm is to be avoided.

8. Accuracy in approximating the edges of the mesentery and in
reperitonealizing denuded areas.

9. Isolation of the feld of resection and exclusion of contaminated
gauze, instruments, towels and gloves from the feld before re­
peritonealization and closure of the wound.

10. The use of continuous gastric expression until obstruction is re­
lieved, and for the immediate preoperative and postoperative
period.

11. The provision of adequate hydration and nutrition and the pre­
vention of atelectasis after operation.
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SYMPOSIUM ON GENITOURINARY SURGERY

THE MANAGEMENT OF BLADDER TUMORS

EDcAR BUNS, M.D., F.A.C.S.° A W. E. KrrrED cE, M.D., F.A.C.S.#

Wrrn the introduction of the various operating cystoscopes, electro­
surgical units, radium, deep roentgen ray therapy and improvements
in surgical technic, tremendous strides have been made in the ther­
apy of tumors of the bladder. In order to discuss the management of
these tumors properly a brief consideration of their incidence, etiology
pathology and symptomatology is desirable. '

INCIDENCE

In 1937, 3.2 per cent of cleaths from cancer in the United States were
clue to carcinoma of the blaclcler.1 There was no reduction five years
later when the same percentage was reported. Tumors of the bladder
are seen four times more frequently in males than in females.2· Most
of these are encountered in patients between the ages of 30 and 70,
the majority being between 50 and 60 years old. The lower grades
are more common in the earlier age group whereas the infiltrative,
high grade malignancies are seen more often in older people.

ETIOLOGY

Little is yet known concerning the etiology of bladder tumors. Al­
though there is no doubt that mechanical or chemical irritation plays
some part, it is nevertheless well known that bladder calculi are rarely
associated with tumors. Yet many urologists believe that chronic cys­
titis either with or without stones is a factor in the etiology of these
neoplasms. It has definitely been shown that the incidence of bladder
tumors is greater in aniline dye workers and that the irritation caused
by the presence of the ova of Bilharzia in the bladder is a recognizecl
daúsative agent. Since the majority of bladder tumors are located on
or near the trigone, the area most subject to inflammation, it is con­
ceivable that chronic irritation plays sorne role.
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PATHOLOGY

Most bladder tumors involve the trigone, neck or lateral wal!s f
the bladder. The posterior wall, vault and anterior wal! are less f 0
quently involved. Practucally all tumors encountered in clinical ¡,]
tice are of epithelial origin. Rarely are mesodermal tumors se
These rarer growths can occur as sarcomas, myomas or fibromas, ""

The simplest form of epithelial tumor is the papilloma, which ap.
pears as a slender, delicate, almost transparent papillary growth su.
ported by a long pedicle projecting frorn the mucosa of the bladder
Although often referred to as a "benign papilloma," these tumors are.
nevertheless, considered as of actual or potential grade I malignancy.
The papillary carcinoma may not differ materially in appearance fron
the papilloma but it is more likely to be firmer in consistency and it
develops on a shorter and more sessile base. These tumors are much
more likely to be single than the simple papilloma and they undergo
sloughing more rapidly. In contradistinction to the papillary tumor the
more malignant infiltrating carcinoma begins as a srnall, discrete ulcer
which rapidly invades the bladder wall and eventually infiltrates a
large segrnent of the bladder.
We find Broders' classifcation with respect to relative rnalignancy

a convenient method of grouping bladder tumors, in addition to the
impression obtained from observation of their gross appearance. Our
experience has been that the clinical course of at least 90 per cent of
bladder tumors can be accurately predicted from their Broders' grad­
ing when correctly reported. This is of great value in planning treat­
ment in each individual case. On the other hand, it will be readily
admitted that a small percentage of bladder tumors will not behave
clinically as might be expected from their grading. Some feel that this
is due to the presence of two or more tumors intimately associated
with each other and of different degrees of malignancy. Thus, a low
grade tumor might rnask one of much greater malignancy in which
case the patient's unfavorable course after treatment would be due to
the underlying tumor of greater malignancy. There are also sorne who
believe that if there is recurrence of a bladder tumor following ful­
guration or removal of the tumor, this is actually not a recurrence of
the original tumor but a new one and therefore capable of being of
much greater or lesser malignancy than the original. Nevertheless,
since this percentage of atypical cases is srnall, we consider it well
worth while to rely upan the microscopic grading of the tumor in
planning treatment and in arriving at a prognosis.
Metastasis beyond the bladder wall itself occurs chiefly in high

grade rnalignancy. The extension follows the regional lymphatic ves­
seis frorn the base and lateral walls of the bladder throughout the
pelvis and lower abdominal nodes. Rarely will the lesion metastasize
to remate organs such as the brain, lungs or liver but this occasionally
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occurs. Bladder tumors can be malignant by position as well as b
their microscopic characteristics and if the location of a tu, 'Y

1 · 1 · 1 h . .6 mor ormultiple tumors involves the ureteric orilices, upper urinary tract 6].
struction with renal failure may result. This can occur even aften ,,
peated fulguration of the tumor, asthe ser tissue follog re,,,
will itself produce ureteric obstruction. Likewise, invasion of the blad­
der wall in the region of the ureteric orifices may also produce con­
striction and upper urinary tract obstruction. Therefore, not infre­
quently patients with bladder tumors die of uremia before metastasis
has become of clinical importance.

SYMPTOMATOLOGY

The cardinal symptom of bladder tumors is painless hematuria, usu­
ally intermittent in character and frequently profuse. The bleeding
may be persistent or fleeting, that is, the patient may have blood in
the urine once and then not again for severa! months or even longer.
Whenever tumors are allowed to grow to such size as to encroach
materially upon the lumen of the bladder, frequency will result from
the reduced bladder capacity. This will also be true in cases in which
infiltrating tumors cause contraction of the bladder with resultant re­
duction in capacity. Tumors of long standing will cause secondary
infection of the bladder with resultant dysuria. Obstruction to urina­
tion or retention of urine will rarely occur when tumors are situated
near the vesico-urethral junction. Symptoms due to metastasis or up­
per urinary tract obstruction rarely appear prior to the more obvious
and localizing symptoms of hematuria or dysuria. Localized symp­
toms are usually absent in abdominal and pelvic metastatic lesions
unless the perineural lymphatics are involved. Occasionally, invasion
of bone structures in this area will cause pain.

DIAGNOSIS

Any patient giving a past or present history of hematuria should
have the beneft of a complete urologic study. A careful history and
complete physical examination are most important. A catheterized
specimen of the urine from the female patient and the second of a
two glass specimen from the male patient are obtained for microscopic
study. The absence of red blood cells on microscopic examination in
such cases should not deter further examination. The total kidney
function should be determined in ali cases. We use the phenolsul­
fonphthalein function test routinely except in the presence of gross
hematuria. We consider satisfactory a reading of 50 per cent or more
in an hour and ten minutes after the intravenous injection of 1 ce. of
phenolsulfonphthalein. We feel that this is evidence of at least com­
plete compensation of kidney function whether or not finer degrees
of change in renal function might be demonstrated by other more
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sensitive tests. The prostate gland in the male is then carefully l
pated for possible evidence of malignaney and its secretion ea#;
microscopically for infection.

Cystoscopy is then performed and the entire bladder wall as wel]
as the proximal portian of the urethra is carefully studied f .
d f ~~
ence o . tumor. If bleeding is difficult to control at the time of cyst _

copy or if bladder spasm makes it impossible for the patient to coi;_
erate sufliciently to allow careful study of the bladder wall in the
ofice, the cystoscopie examination is done again in the hospital unde
spmal or general anesthesia. A careful, unhurried examination witl
good vision and good relaxation of the bladder is most essential ¡
diagnosis. It is easy to overlook a small or ulcerative tumor in the
patient with constant bladder spasm during the examination or if
bleeding prevents a clear feld of vision. After the tumor has been
identified and its size and infiltrative qualities carefully estimated
biopsy specimens are taken from several areas for microscopic study'.
Treatrnent of the tumor is postponed until this information has been
obtained.

A number of nonmalignant lesions of the bladder can confuse the
cystoscopist who suspects a tumor. Chief among these is bullous
edema, which frequently appears similar to the relatively benign
papillary forms of bladder tumor. Complete distention of the bladder
with water while cystoscopy is being performed will often "iron out"
this edema and reveal its true nature. At other times it is necessary
to take a specimen for biopsy in order to differentiate one from the
other. Other confusing lesions include cystitis cystica, tuberculous ul­
ceration of the bladder, alkaline incrusted cystitis, leukoplakia, ves­
ical calculi covered with exudate and frmly attached to the bladder
wall or inflammatory reactions resulting from radiation therapy pre­
viously administered in the female pelvis. Extension into the bladder
base from carcinoma of the cervix or rectum can occur because of the
intimate lymphatic connection between these organs. In such in­
stances the tumor may have actually broken through with ulceration
and this is easily recognizable or it may have produced only sorne
elevation of the bladder mucosa with congestion and edema but no
ulceration. In the latter instance biopsy of the superficial layers of
the bladder wall will not reveal the presence of a tumor even though
it is actually present deep in the muscular layer of the bladder wall.
Endometriosis can occur in the bladder and produce hematuria usu­
ally following a pattern parallel to the menstrual cycle, and when seen
will be purplish and grapelike in appearance. Such lesions may be
accurately identifed by biopsy and locally removed followed later by
oophorectomy. If diverticula of the bladder are encountered, it is
always well to remember that a tumor may occur deep in a diver­
ticulum beyond the feld of vision of the cystoscopist. In such in­
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stances cystograms may or may not be of ai<l in identifying th ¡ ·

if bl d . . f <l' t' ¡ e es1onbut loo is seen coming trom a Iivertcular orifce, thi ]
1 1 Id 11 b 1 . ¡ , 1s 1ver-ticulum shoul eventually e removed with a presumptive d _.

f I . f bladd uagnos1s
0 tumor. n routine cases o a er tumor cystograms ar of f th .
aid in revealing the presence of infiltration of the bladder ,}",

1 · cli · d d · f ·t h a. WIresulting istortion an reduction ot capacity, thereby giving some in­
dication as to the extent of the tumor as well as its degree of mali,­
nancy. g
Rectal palpation of the bla<l<ler base above the prostate in the male

and vaginal examination in the female will give evidence of the pres- .
ence or absence of infiltration of the base. Bimanual examination of
the bladder, preferably under anesthesia, with one finger in the rec­
tum or vagina an<l the other hand pressing suprapubically will fre­
quently give palpable evidence of an infiltrated bladder and also
yield information as to the relative degree of fxation of the bladder
which has already occurred. This information is of great value when
partía! or complete cystectomyis contemplated and may indicate in
advance those cases which are operable.
Excretory urograms are made in every case in order to rule out pos­

sible primary malignancy in the upper urinary tract as well as to
establish the presence or absence of obstruction on either side as the
result of the tumor. If partial resection of the bladder is contem­
plated with the possible sacrifice of one kidney by ligating its ureter
due to its location in the involved area, it becomes of vital impor­
tance to establish the presence of a normal kidney on the oppositc
side. Likewise, if uretero-intestinal transplantation followed by cys­
tectomy is contemplated, it is essential to establish the presence of
normal ureters because ureters dilated by chronic obstruction from a
tumor at tlle ureterovesical junction do not lend themselves well to
intestinal implantation.

TREATMENT
Essentially, the treatment of all tumors of the bladder is their re­

moval. The method by which this is accomplished depends upan
many factors. Chief among these is the grade of malignancy of the
tumor. Of great importance also are its size and location and the age
and general condition of the patient. Also, as pointed out before, if
radical operation is contemplated, it is always necessary to rule out,
by bimanual palpation if possible, prohibitive fxation of the bladder
by extension of the tumor beyond the bladder wall.
Transurethral or Suprapubie Fulguration and Resection; Ra­

dium.-Grade I papillary tumors are best treated, as a rule, by simple
transurethral fulguration. It is our practice to use the Stern-McCarthy
resectoscope for this purpose. This instrument allows the rapid cutting
away of the great mass of the tumor or tumors followed by thorougb
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fulguration of the base. Since these tumors will not have iif]
the bladder wall beyond the mucosa, fulguration need note ¿!"
Occasionally, such a tumor may have grown to such a size as to mí
it impractical to remove it transurethrally. This is also the case if +A
tumors are so great in number as to stud large areas of the bladde
Suprapubic fulguration of the open bladder is a more effcient 44j
desirable method of handling these cases. Smce these grade I tum

t · J k 1orsare no onous y recurrent in nature, we make it a fxed rule to inspect
these bladders in the office by cystoscopy every three months aft
the original tumor has been removed. Small recurrences seen her¿,3
there 111 the bladder, not necessarily at the site of the original tumor
can usually be fulgurated in the offce with any satisfactory electro~
surgical unit without the use of an anesthetic.
The grade II papillary carcinomas are likewise treated by trans­

urethral resection and fulguration, but we frequently supplement this
with the application of radium. Radon seeds represent the most
convenient means of applying radium. After resection these are im­
planted into the base of the tumor with an injector through an operat­
ing cystoscope. A sufficient number of seeds is ordered in each indi­
vidual case to cover the entire base of the tumor. The radon seeds
are calculated to deliver 1.25 millicuries at the time of implantation
and are spaced approximately 1 cm. apart.
Partial or Segmental Resection of the Bladder.-For the more

infilb·ative, higher grade malignancies ( grades III ancl IV) we con­
sider open radical operation necessary when possible. Although sim­
ple transurethral fulguration of such a tumor followed by irradiation,
either with radium or deep roentgen rays, will occasionally bring
about a spectacular result in such tumors, it is felt that the margin
of safety is too small and that the tumor itself as well as a generous
portian of the remaining bladder wall, if not ali of it, should be
removed if possible. Here, the age and general health of the patient
are of prime importance. Partial or complete resection of the bladder
is a rather arduous procedure which has to be carefully balanced
against the normal life expectancy of the patient and the status of
his general health. It is likewise of great importance to establish nor­
mal kidney function in cases in which radical operation is being con­
sidered. Should it be possible to demonstrate clinically that the tumor
has extended beyond the bladder or that it had invaded the urethra,
then more conservative procedures would seem to be indicated. Here
again, transurethral resection of the tumor followed by irradiation
therapy seems the most desirable treatment.
In favorable cases, however, wide excision is preferable. If the

tumor is located on the vault and is easily accessible, partial resection
of the bladder without distnrbing the trigone or ureters is indicated.
The usual Iow midline incision is made under spinal or general anes­
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thesia, the museles and fascia divided, the bladder insufllat d
k . "bl d tl . 1 a e so asto ma e it more access1 e an he peritoneal fold reflected ward

off the bladder. Should the tumor be found to have invaded th p .
oneum where it is attached to the bladder, this portion r " Bit­
oneum should be resected awvay alog with he dar jj ;[!$
and the defect repaired afterwards. The bladder is opened then and
the contemplated area of resection carefully mapped out and cut
with the electrosurgical kife; the bladder is len resutured ¡]"?
layers with chromic No. I catgut and a large Pezzer catheter ín ¡
Drains are placed beside either side of the bladder and the wound
closed in layers. Should the tumor be found to extend down one lat­
eral wall far enough to make it desirable to carry away one corner
of the trigone including the ureteric orífice on that side, this ureter
may either be reimplanted into the bladder or deliberately tied off
thereby sacrifcing the kidney. In such cases, one will always have
determined the presence of a normal kidney on the opposite side and
therefore the sacrifice of one kidney is not necessarily objectionable.
This shortens the time of operation and obviates the danger of fail­
ure of reimplantation in a bladder which is already considerably
mutilated by resection of the tumor. Except in the cases in which the
kidney to be sacrificed is infected, it will be found that tying off
this ureter <loes not complicate in any way the postoperative course
of the patient. If infection is present in such a kidney, sepsis will
follow and this kidney can then be promptly removed when the
symptoms of infection become obvious. We feel that postoperative
irradiation by deep roentgen ray in these cases is a valuable adjunct
to treatment.

Bilateral Uretero-intestinal Anastomosis and Complete Cystec­
tomy.--In those cases of high grade malignancy which do not lend
themselves to partial or segmental resection of the bladder and yet
show no gross evidence of metastasis, complete cystectomy is indi­
cated (Fig. 498). A necessary prerequisite to cystectomy is diversion
of the urine. This is best accomplished by bilateral uretero-intestinal
anastomosis. If this should for any reason be impractical, bilateral
cutaneous ureterostomy can be done. However, this is not as desirable
from the standpoint of the patient as the former and is only indicated,
as a rule in instances in which dilatation of the ureters makes it
diffcult or impossible to implant them into the intestinal wall.
It isour practice to do the intestinal anastomosis and cystectomy

in two stages. The frst stage consists of the implantation of the right
ureter into the sigmoid. After the patient has fully recovered from this
procedure (usually in about two weeks), we proceed with implanta­
tion of the left ureter followed by total cystectomy at the same time.
At the time of the frst implantation it is possible to explore the blad­
der and adjacent structures so as to be sure that the bladder is freely
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movable and that cystectomy will therefore be feasible. A further con.
sideration at this poit is he fact that even if some evidene
metastasis is present, cystectomy may still be desirable, if mechanicall,
possible, for the reason that the patient's future course will be far
more comfortable without having to contend with a sloughing tumor
and an irritable, spastic bladder during the remainder of his Iife.
Furthermore, postoperative irradiation in such cases may have a favor­
able influence on those metastases present, to the extent that the
operation becomes worth while.

METRIC
Fig. 4 9 8 . -- S p e c ime n o f i n fil t ra ti n g c a r ci n o m a of b l a d d e r a ft e r t o t a l c y s t e c t o m y .

Preoperative Preparation.-Prior to operation the patient is hospital­
ized and an intestinal antiseptic and nonresidue diet are given. Sulfa­
suxidine (3 gm. four times daily) is administered in an effort to sterilize
the intestinal tract partially. Twenty-four hours befare operation a
laxative is given and enemas are ordered for the night preceding the
operation and the morning of operation. A rectal tube is left in place
after the last enema and the patient is taken to the operating room.
Parenteral fluids and whole blood should be freely given during the
operation to prevent shock and fluid loss.
First Stage.-We prefer the Coffey type l procedure for uretero­

intestinal anastomosis as modified by Mayo.3 The right ureter is trans­
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planted frst. A longitudinal incision is made to the rig] t f h .
Jine; the muscles ·and fascia are divided and the en" t e mid­
The patient is placed in the Trendelenburg position an~nethum_ ope~etl.

. k 1 ff TI . . 1 . bT el e mtestinalmass 1ds p
1
ac ·ec o . 1e s1~mm~ 1s mo " and an area as far clown

towar the rectum as poss1ble 1s preparec for anastomos· Th" . .· ] ] · · . f • IS. IS IS 1m-portant as it eaves the remaining portion o the sigmoid b f¡ · . 1 a ove ree
of ad 1es10_ns11 as lº be _mor~ ~asil~ ha~dletl later on for the secontl
pptomos,_{ge,pito9fo,9,2 P"has bes de«erina«d,
t!is area is isolate wit 1 an mtestma e amp or a distance of ¡
. 1 ·t] f 1 1 . d" 1 b d severame 1es w1 1 one o the tongitulina, anls presenting The t . •

1 . 1 tifd 1 1 1 . 1 . . urerer 1st ten 1c en 1 e through the parieta pentoneum, a small wintlow matle

'~

a

Ureter' Lifl:ed
fromn its bed«et

~
~

eoE
posleriot- pacietal
f peri.toneum

~
,\Flrn.. E. FR.Y-

Fig. 499.--Mobilization of ureter prior to transplantation.

in the peritoneum and the ureter dissectetl free ( Fig. 499). It is di­
vided and ligated close to the bladder and the proximal end then
brought up to the intestine. This end is cut obliquely and then split
longitudinally for about 1 cm. in order to avoid stricture of the end
of the ureter later. An atraumatic No. O chromic suture is taken
through each of the laps thus created by cutting the distal end of
the ureter. The bowel wall is then incised along the longitudinal
band for a distance of about 5 cm. going clown to but not through the
mucosa. The muscularis and serosa are then carefully dissected later­
ally on each side in order to provide a free flap to close over the
ureter later on. An incision is then made through the mucosa at the
distal end of this trough and each of thé previously prepared catgut
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......
1

sutures passed through the bowel and then out at a distance of t
least 8 cm. below this opening. A small piece of catgut is placed ¡

Fig. 500.-Transplantation of ureter into sigmoid.

the open end of the ureter in arder to keep it open temporarily and
the ureter is then passed clown into the intestinal lumen (Fig. 500).

Fig. 501.-Closure of muscles and serosa of sigmoid after ureter has been trans­
planted.

The sutures previously taken are tied on the outside. The ureter is
then buried in the bowel wall for the entire length of the trough by
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atraumatic catgut sutures in the flaps previously prepared. O . ¡

11 b. k ¡ ¡ ¡ • ccas1onasma, ites are ta ·en through the outer coats of the t h. . · ureer as t esutures are put in so as to anchor it further m position S ¡ ¡
k . . . evera ayers

of sutures are ta en in all, completely burying the ureter (F. S0l)
When the operation is finished, the ureter should not 1 " '

, d sh ld ·+ ·lfi ·ight unaer anytension an shou! present itsel in a strait t line coming down f
the kidney and entering the bowel. This area of intestine is tbe ro~
tated slightly and the edges of the posterior peritoneum, pre4
opened for access to the ureter, are sutured to the intestinal wall s~
as to extraperitonealize the field of operation. The peritoneum is closed
with catgut and the wound is closed in layers, with catgut for the
muscle and fascia and silkworm and dermal for the skin.
Postoperative Care.-The patient is given parenteral fluids up to

3000 ce. a <lay. A rectal tube is kept m place, no laxatives are given
and suitable urinary antiseptics may be administered. In the presence
of undue fever or tenderness over the right kidney during the post­
operative period we administer one of the sulfonamides in doses of
0.5 gm. four times a day with sodium bicarbonate, or the elixir of
mandelic acid.

Second Stage.-After the patient has sufficiently recovered, usually
in about two weeks, excretory urograms are made in order to dem­
onstrate the presence of a normally functioning kidney on the side
of the first operation and if ali is well, the second stage is planned.
Should this right kidney fail to function or continue to give evidence
of obstruction and infection in the form of pain and fever, the second
stage can be postponed or abandoned. We feel that this is the chief
virtue in doing a two-stage operation, in addition to lessening the
shock and operating time for the second stage.
In the second stage the left ureter is first transplanted by the same

technic previously described for the right. As mentioned before, the
upper portion of the sigmoid will be found freely movable and easily
accessible for this purpose. The incision here should be to the left
of the midline. The peritoneum is then dissected completely off the
bladder wall if possible but if it has been found that the tumor has
invaded the peritoneum, that portion of the peritoneum is taken along
with the bladder and the defect in the peritoneum repaired. Then,
dissection of the bladder from above is begun, the lateral and pos­
terior aspects of the bladder are gradually freed and the vesical
arteries clamped, divided and ligated with transfxion sutures of
chromic No. 2 catgut as they are encountered. The ureteral stumps
are identifed and pulled up. The vas deferens on each side is like­
wise clamped and ligated. The base of the prostate and seminal vesicles
are freed from the rectum and the prostate then dissected free on
both sides by blunt dissection with the finger. The urethra is clamped
al: the apex of the prostate and the entire specimen including the
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bladder, prostate and seminal vesicles removed. The urethral stum
is transfxed by chromic No. 2 catgut and any bleeding encountej
in the prostatic plexus of veins is controlled by mattress sutures. Ir
convement a stab drain opening is macle through the perineum to th
outside in order to provide dependent drainage for the large cavt
left after removal of the bladder. Cigarette drains are likewise place~
down to the base of the wound coming out from the lower angle of
the incision and the woundclosed in layers with catgut for the muscle
and fascia and silkworm and dermal for the skin. Here again, a rectal
tube is left in place and intravenous fluids and whole blood are given
to insure an aclequate intake and to prevent shock.
We have founcl penicillin of value during this postoperative period

as it seems to promote wound healing and retarcl secondary infection.
It is usually given by intramuscular injection of 20,000 to 30,000 units
every three hours. Deep roentgen ray therapy over the lower abdomen
is considerecl a valuable adjunct to treatment after the wound has
completely healed.

CONCLUSIONS

l. Painless hematuria should be considered presumptive eviclence of
malignancy in the urinary tract until proved otherwise.
2. Cystoscopy offers a certain means of diagnosis of bladder tumors

and should be accompanied by biopsy with microscopic grading of the
specimen since the plan of treatment will largely depend upon the
grade of the tumor.
3. Transurethral excision and fulguration with or without sorne type

of irradiation therapy is the treatment of choice for those bladder
tumors of low grade malignancy.
4. Experience and refinements in surgical technic have made radical

excision of highly malignantbladder tumors less dangerous than ever
befare.
5. "Wide resection of highly malignant tumors offers the greatest

promise of cure and should be the treatment of choice in ali such
cases which are considered operable.
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COTTON SUTURES IN VAGINAL PLASTIC OPERATIONS
ABOUT THE BLADDER ANO URETHRA

CoNRAD G. COLLINS, M.D., F.A.C.S.°

IN 1939 Meade and Ochsner' demonstrated the superiority of cot­
ton over any other absorbable or nonabsorbable material available f
use as sutures. Since then numerous reports have appeared ¡ ¡j
literature stressing the advantages of cotton for this purpose. In 1942
we reported a series of cases in which gynecologic and obstetrical
operations had been performed with cotton as the suture material.
Since that time we have used cotton sutures exclusively in gynecologic
and obstetrical surgical procedures whether the operation was per­
formed abdominally or vaginally.

ADVANTAGES OF COTTON SUTURES

In vaginal plastic repair the advantages of cotton sutures include
(1) minimal reaction in the tissues, (2) diminished amount of post­
operative vaginal discharge and ( 3) increased comfort for the patient.
Its use also permits early ambulation and a subsequent decrease in
the number of urologic complications such as cystitis or pyelitis by
85 per cent." Early ambulation and lack of tissue reaction reduce the
necessity for postoperative catheterizations in a large number of pa­
tients. Furthermore, earlier postoperative and postpartal examination
is possible because the patient experiences less pain on vaginal or
speculum examination when cotton sutures have been used than when
other material is utilized. When cotton has been employed, it is pos- '
sible to examine a woman vaginally or with a speculum after the
second or third postoperative or postpartal day with little or no dis­
comfort. We have noted less scar tissue about the vagina months
after operation with cotton sutures than with any other absorbable
suture material. In addition, the vagina, bladder, rectum and urethra
are adequately supported and the tissues are much more pliable and
plastic instead of being rigid as in cases in which nonabsorbable
sutures have been used.
This communication will be limited to the use of cotton sutures in

the repair of cystocele, urethrocele, vesicovaginal fistula and urethral
diverticulum.

From the Department of Gynecology, Tulane University School of Medicine
and the Department of Gynecology and Obstetrics, Ochsner Clinic, New Orleans.

0 Professor of Gynecology and Hcad of thc Dcpartment ancl Assocmte Profes­
sor of Obstetrics, Tulane University School of Medicine.
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PREOPERATIVE CARE
Plastic operations inwomen who are still within the menstrua] a

are best performed withi the frst two weeks following a men+?$
period. In this way considerable undesirable oozing or bleeding
b li · d. vane e 1mmate .. As in all surgical work, the patient should be brought
to the operatmg table in the best general condition possible. The blood
count and hemoglobin should be within normal limits and for weel
before the operation the patient' s diet should include adequate pr.
teins and vitamins, especially vitamin G, since normal serum protein
and vitamin C have been shown to promote wound healing.
In women who have reached the climacteric the vaginal mucous

membrane, because of the lack of estrogenic hormones, reverts to the
type found · in the preadolescent period; that is, there are atrophic
changes manifested by a thin epithelium usually six to eight layers
of cells deep containing little or no glycogen. The atrophic membrane
and Iack of glycogen predispose to vaginal infection produced by
pathogenic organisms and, in addition, it is technically more diffoult
to dissect a very thin and atrophic mucous membrane from the under­
lying tissues. These two objectionable features can easily be remedied
by the use of estrogenic suppositories administered nightly for three
weeks prior to the date of operation, the dosage being 2000 to 2500
international units of estrogenic substance either in the form of natural
estrogen or 0.5 mg. of stilbestrol in suppositories. The preoperative
use of suppositories containing estrogenic hormone converts the
atrophic mucous membrane to the type found in the healthy young
woman, that is, the membrane becomes twenty-four to twenty-six
layers of cells in thickness, the cells contain an adequate amount of
glycogen and the vaginal pH and flora are reestablished to an optimal
condition. It is our impression, although this has not been substan­
tiated by biopsy, that not only is the vaginal epithelium affected by
the use of estrogenic suppositories but the underlying pubocervical
fascia seems to be thickened and tougher and more adaptable for
suturing.

OPERATIVE TECHNICS

In regard to nonabsorbable suture material in surgical procedures
the principies set down by Halsted should be followed unequivocally;
that is, there must be thorough hemostasis, the suture material should
be as fine as compatible with tissue strength, fine bites should be
taken, mass ligation of tissue should be avoided and the suture should
be cut close to the kot. Deviation from these tenets will, of course,
produce undesirable results.
At the operating table the vagina is thoroughly sorubbed with green

soap and water, the excess water is removed by means of alcohol and
the vagina and vulva are painted with any antiseptic solution the
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operator prefers. After thorough cleansing with
and alcohol the _use of an antiseptic sol~tion ateen soap an? water
vulva IS of questionable value. out the vagma and
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Fig. 502.-Teclmic in repair of cysto-urethrocele. For details, see text.

Cystocele.-In the repair of cystocele a linear incision down tbe
midline or a deep T-shaped incision is made through tbe vaginal
mucous membrane ( Fig. 502, a). The vaginal mucosa is tben reflected
from the pubocervical fascia and bladder by means of initial sharp
dissection witb a small scalpel blade. This dissection is continued
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widely on either side from the midline with scalpel 0r scissors (F;
502, b) and the bladder is fully mobilized. A Foley catheter ¡, ,S
serted ito the bladder and he bladder neck identifiéd. A Kelly
of quilting cotton is then placed in the pubocervical fascia in +A,
region of the bladder neck and tied (Fig. 502, c). The pubocervieí
fascia is then brought together with interrupted sutures of quiltin
cotton placed approximately 0.75 cm. apart (Fig. 502, d). The su
are tied and then cut at the knot. Occasionally, in very large cystoceles
m elderly women two rows of sutures are used. The excess vaginal
mucosa is trimmed away and the vaginal mucous membrane approxi­
mated with No. 00 or 000 chromic catgut (Fig. 502, e). Very fine cat­
gut is used in the vaginal mucous membrane because we do not like
to have to remove sutures from this structure postoperatively or post­
partally. We have used very fine cotton sutures in the vaginal mucous
membrane ( cotton No. 150 or 200) in humans and observation of
these patients for months after operation has shown that ultimately
the suture is either absorbed or has slipped out aseptically. However,
for purposes of convenience, we do not use cotton in the vaginal
mucous membrane itself although there is no surgical conh'aindication
to its use in this structure.
Urethrocele.The vaginal mucous membrane over the urethra is

divided in the longitudinal axis of the vagina clown to the urethra
or pubocervical fascia (Fig. 502, a). The dissection is carried out
widely, laterally, and the urethra is freed along its entire course. Any
adhesions to the pubic arch are separated by sharp dissection. A cathe­
ter, preferably of the Foley type, is inserted into the bladder to iden­
tify the bladder neck. A flrst layer of Kelly stitches of interrupted
quilting cotton is placed at the bladder neck ( Fig. 502, c) and then a
second !ayer of interrupted quilting cotton sutures is placed through
the pubocervical fascia. The sutures are spaced anywhere from 0.75
to 0.5 cm. apart. The vaginal mucous membrane is then approximated
with chromic No. 00 or 000 catgut.
In plastic operations in which cystocele and urethrocele coexist, the

technic outlined previously is used; i.e., a longitudinal incision or in­
verted T-shaped incision is made through the vaginal mucosa extend­
ing from just below the urethral orifce to the cervix. Whether or not
a T-shaped incision is used or just a single longitudinal incision de­
pends upon whether or not the cystocele extends clown to the region
of the interna! os of the cervix. There is no need for a T-shaped in­
cision in cases in which the cervix and uterus have been removed or
the cystocele <loes not involve the cervix. The remainder of the pro­
cedure is as described under the correction of cystoceles and
urethroceles.
Vesicovaginal Fistula.-The end results in cases of vesicovaginal

fistulas depend upon ( 1) the amount of mobilization obtained at the
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time of operation and ( 2) the abilit t . ·
mucosa and pubocervicl fasei ,' ,,", Pproximate the bladder

· f ¡ ' · ' · 1 1ou ens1on Accordingl ·spective o the site or cause of the fstl b 1: . y, 1rre­
a inttaleisto dote iai"#"2","" i,Jest_to m4te
beneath the urethra to the cervix or , . ' 1 exten?mg from ¡ust
b h Id . I · o where te cervix would haveeen s ou rt iave been removed at . · •
sola i» e mtae, n een.a ",9}]"{3"E$,%3,5fo. t he

f · •¿ ¡ · . an he a er is freed bymeans O: WI .e e 1ssect10n to the most I t . 1 ·t· f 1 •a era p01 ion o the vaginal

c.
'ente,bldler

Fig. 503.-Teclnic in repair of vesicovaginal fistula. For details, see text.

wall. Should the fistula be on either the right or the left side and not
in the midline, the bladder is first freed on the side opposite the
fistula; that is, if the fistula is on the right side, the left side is dis­
sected frst and vice versa ( Fig. 503, a). The bladder is freed to the
most lateral portion of the vaginal wall. The dissectibn is then carried
to the side on which the fistula exists (Fig. 503, b), the :fistula en­
circled and the vaginal mucous membrane reflected from the bladder
or pubocervical fascia as far laterally as possible. In this manner we
are able to obtain maximum mobilization of the bladder and conse­
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quently a suture line which will be under minimal stress irrespecti
óf the location of the fistula. The margins of the fistulous openig ,
the bladder are then freshened, the scar tissue cut away and the bl
der mucous membrane approximated by a Connell suture of chromi
No. 00 or 000 (Fig. 503, c). Nonabsorbable suture material is not used
to close tlie bladder mucosa. A second line of sutures consisting of
interrupted quilting cotton is placed through the pubocervical fascia
and/or bladder muscularis about 0.5 cm. apart (Fig. 503, d) and the
bladder mucosa and/or pubocervical fascia approximated over the
suture line in the bladder mucosa. Occasionally, it is possible to put
mn a second row of cotton sutures. Quilting cotton has considerable
advantages over larger sized catgut or sutures such as stainless steel
wire or silver wire in this particular part of the operation as cotton
sutures of this size will break before one can tie them under tension
which is not true of stainless steel or silver wire. Thus, closure f
the bladder muscularis and/or pubocervical fascia over the suture
line in fue bladder mucosa guarantees that the suture line is not tied
under tension; this greatly enhances the possibilities of healing. The
vaginal mucous membrane clown the midline is then closed with
chromic No. 00 or 000 sutures ( Fig. 503, e). Whether or not the
vaginal mucosa is closed over the site of the fistula is of little or no
import. If the mucous membrane can be brought together without
tension, then it is closed with interrupted, chromic No. 00 or 000
sutures. If the defect is so large that it cannot be closed, or cannot be
closed without undue tension, fue mucous membrane is not closed ( Fig.
508, f). Thus, the cardinal principles involving the healing of vesico­
vaginal fistulas have been fulflled; that is, ( 1) wide mobílization of fue
bladder to insure a suture line which is tied without tension and (2)
closure of the fstula in layers without tension. We believe that this
approach to the closure of vesicovaginal fistulas far surpasses the
direct attack on tlie fistula itself. To reiterate, the approach to closure
should be (1) an initial line of incision clown the midline of the
vaginal mucosa, (2) free mobilization on the uninvolved side frst,
and (3) the bladder near tlie fistula mobilized as a latter part of the
operation.
Postoperatively, a retention catheter of the Foley type is put in the

bladder, the patient placed on a Bradford frame on her abdomen and
the catheter connected to a bottle on the side of the bed. The cathe­
ter is removed on the twelfth or fourteenth postoperative day.
Vaginal suppositories of estrogenic substance, either 0.5 mg. of stil ­
bestrol or 2000 international units of natural estrogen, are inserted
into the vagina twice daily to promote healing, especially in cases in
which it was not possible to approximate the vaginal mucosa over
the site of the fistula. This insures more rapid growth of the epithelium
over the defect.
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Diverticula of the Urethra.-Although this condition is rarely
countered, its possible presence should always be kept i ¡
Diverticula may vary in size from l cm. to 10 cm. in diameter {
may or may not contain caleuli. The differentiation of diver
from urethroceles and cystoceles is not diffcult if the condituon {
kept in mind and, when suspected, if a urethral sound or sn¡
endoscope is placed into the urethra, the diverticulum can be palpated
over the sound or endoscope. The diagnosis of urethral diverticul
associated with stones is especially easy as the stones give a typical
"chicken craw" feel.
Technic.-An incision is made just below the urethral meatus clown

the midline as far posteriorly as necessary (Fig. 504, · e). The bladder
mucosa is dissected away from the wall of the diverticulum and the
diverticulum opened. It is then excised (Fig. 504, d) and the urethral
wall closed with interrupted chromic No. 00 or 000 sutures. The
vaginal mucous membrane is then closed over the suture line in the
urethra by means of quilting cotton, interrupted sutures (Fig. 504, e).
A retention catheter is left in place from twelve to fourteen days and
then removed; the quilting cotton sutures are removed from the an­
terior vaginal wall at the same time. Occasionally, the diverticulum
is so large and contains so many stones that an actual erosion and
fistulous opening are founcl in the diverticulum (Fig. 504, b).•

POSTOPERATIVE CARE

We do not advise or use vaginal packs postoperatively. The patient
is allowed out of bed as soon as the effects of the anesthetic have
disappeared and she is encouraged to walk about and to remain out
of bed for as long periods as possible. In this way, earlier spontaneous
emptying of the bladder is obtained, the incidence of postoperative
thrombophlebitis and phlebothrombosis is greatly decreased and in
general the patient feels better. No vaginal douches are used unless
the patient has a discharge. This is the exception in cases in which
cotton sutures have been utilized. In patients who have reached the
climacteric, suppositories of estrogenic substance (2000 to 2500 inter­
national units) are used each night postoperatively for three to· four
weeks. This undoubtedly aids in wound healing.

CONCLUSIONS
l. Before plastic operations about the bladder and urethra are per­

formed, patients should have the following preoperative preparation:
(a) Infections in the urinary tract should be eliminated by means of
sulfonamides, penicillin or both. (b) In women who are still within
the menstrual age, correction of pathologic conditions should be at­
tempted only within the frst two weeks following a menstrual period
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because during this time the chances of excessive oozing are minimal.
(c) For the patient in the postmenopausal age or at the menopause
when the vagmal mucous membrane has become thin and atrophic,
the preoperative use of suppositories of 0.5 mg. of stilbestrol or 2000
international units of natural estrogen in oil each night for three weeks
greatly increases the thickness of the vaginal mucous membrane and
the pubocervical fascia, makes dissection easier and aids in eliminat­
ing any infection which may accompany senile vaginitis.
2. The use of quilting cotton sutures in the bladder wall or pubo­

cervical fascia not only results in a neater operation but definitely
decreases the amount of postoperative pain and vaginal discharge and
reduces the necessity for postoperative catheterization because of early
ambulation.
3. Retention catheters should be used only in patients who have

had repair of a urethral diverticulum or vesicovaginal fistula.
4. In postmenopausal or menopausal patients the postoperative use

of suppositories hastens wound healing.
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CLEARANCE AND SATURATION TESTS OF
RENAL FUNCTION

THoMAs FIDLEY, M.D., F.A.C.P.°

Wrr the possible exception of the eye, no organ in the human
body lends itself so well to mathematical treatment as does the kid­
ney. In the 100 years which have elapsed since William Bowman' s
famous observations laid the groundwork for studies in renal physi­
ology, clinical research in this feld has brilliantly justified itself. The
purpose of this paper is to describe briefly and without full historical
background the methods which yield quantitative renal function
values of remarkable accuracy in the intact human body.

RATE OF GLOMERULAR FILTRATION

Rehberg1 was the frst to point out that the rate of glomerular
filtration could be rneasured if there were available a substance which
passes freely across Bowman's membrane but does not traverse the
tubular epithelium in either direction. Thus, if a beaker cont aining
1000 ce. of a 1 per cent salt solution is allowed to evaporate until the
final volume is 100 ce., the final saline concentration becornes 10 per
cent ( concentration X volume = concenh·ation X volume). Figure
505 illustrates the application of this principle to a single nephron in
which the volume of glomerular fltrate is large and that of the blad­
der urine srnall; the tubular cells reabsorb water but leave the num­
ber of dissolved molecules unchanged.
If three of the four factors are known, the fourth is easily calcu­

lated. Wishing to determine the volume of glomerular filtrate forrned

per minute, we rearrange the equation to read V =Ci; 1 . The two

items in the nurnerator are supplied by determining the concentration
of the test substance in bladder urine and the rate of urine flow per min­
ute. The denominator is procured indirectly; we cannot obtain glomer­
ular filtrate from an intact animal but the requirement has already been
rnade that the concentrations in plasma and glomerular fltrate are iden­
tical so that we have only to analyze a sample of venous plasma
to obtain an equivalent figure. Substituting plasma (P) for glo­
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Fig. 505.--Illustration of the principles whereby the rate of glomerular flltration
may be measured in intact subjects. See text.

made at arbitrary intervals by washing the bladder out with saline.
Usually three or four twenty-minute periods are obtained and blood
samples are withdrawn from the antecubital vein at the middle of
each collection period. Details concerning the precise procedures are
available."
No substance which occurs naturally in the human body meets the

requirements so that foreign materials must be employed. Of these,
inulin is most widely used. Introduced independently by Richards
and co-workers" and Shannon and Smith,' it has received the widest
acceptance." The more recent demonstration that other substances
( hexitols,0 thiosulfate7) yield identical results substantiates the current
belief that the rate of glomerular fltration can be measured with great
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accuracy in the intact normal subject. The problem of the diseased
kidney will be referred to later.
The establishment of this technic for measuring the rate of q

merular fltration has been of the utmost theoretical and practT ºi
importance, but the formula which makes it possible may also \ª
usefully applied to the study of any other urinary constituen:

+(). a» • (%).since it p is essen ia y a caneen ·a ion ra JO p to which

a time factor (V) has been added. It is now the custom to express the
excretion rate of any substance in relation to its plasma (or whole
blood) concentration, and results may be grouped into those sub­
stances which are excreted (a) less and ( b) more efficiently than
inulin.

SUBSTANCES EXCRETED LESS EFFICIENTLY THAN INULIN
All the constituents of normal urine belong to this category with

the possible exception of creatinine. The fact that the exact chemical

"' Bloodf1ow
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Fig. 506.-The relationship between renal blood flow and the plasma clearance of

various substances.

nature of the chromogenic substances which react with the Jaffé
reagent are unknown makes creatinine a difficult material with which
to work. Differences of opinion on this matter exist8 and it would serve
no useful purpose to inclu<le creatinine in fue present discussion.
Figure 506 depicts the application of this formula to a representa­

tive number of substances. Smifu,9 who has had the largest exper1­

lNULlN,el:c.

pHENOL RED

GlorrierularTiltrab.on "Ra.-ce
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ence in this matter, reports that the glomer I filt • .

1 131 u ar ration rate m norma man averages cc. per minute For th k f • ¡· . -d be 1e sake o! simplicity, hoever, an ecause other observers have found s h t ] '> w­. 1 ¡ f l 5omew a ower valuesthe norma. vo ume o g omerular filtrate is put at 190 . '
h · f cc. per mmute 0

When t e excretion o another substance is studi"ed · th ·
d th m e same man­ner an e answer turns out to be less than 120 ·t b d

b h ' , 1 may e assume
that that su stance as been eliminated by a process of glomerular
Rltration and subsequent tubular reabsorption. In any e t ·t ·· k · ven , 1 1s un-
necessary to invoke tubular secretion as an explanation for its appear­
ance m the rnme. If, however, the figure for a third subst ·

1 190 • • ance 1s
greater than v, it is certain that a portian of this material must
have been extruded into the tubular lumen by active vital processes
residing within the tubular cells. Obviously, tubular reabsorption
diminishes the eflieiency of renal excretion and tubular secretion en­
bances it.
As examples of the manner in which naturally occurring substances

are handled by the kidney, · glucose and urea may be chosen. Since
glucose is known to occur in glomerular filtrate in the same concen­
tration as in plasma10 and since normal urine is glucose-free, tubular
reabsorption must be complete. When the formula is applied to urea,
however, the average for normal adults is about 75 ce. per minute,'
a fnding which must mean that approximately 40 per cent of that
amount of urea which is filtered is reabsorbed by the tubules. Other
naturally occurring substances, the excretion of which have been
studied by current methods, are: sodium chloride," sulfate,"" phos­
phate,'' amino acids,1», 1o, 1,17 hemoglobin,' vitamin C,"" beta­
hydroxybutyric acid,2º pantothenic acid/1 lactic acid21" and uric
acid.22 All these substances have been found to be excreted by a
process of glomerular filtration and subsequent tubula! reabsorption.

SUBSTANCES EXCRETED MORE EFFICIENTLY THAN INULIN

Of greater physiologic interest are certain foreign substances whose
rates of renal elimination are high because bodily conservation is use­
less or harmful. In order to increase the efficiency of the excretory
process, the kidney may modify its normal machinery in two ways.
First, tubular reabsorption may diminish or cease altogether, in which
event the excretion rate will approach or become equal to the rate
of glomerular fltration. Secondly, an extra moiety may be added to
the urine by a process of active tubular secret10n. Figure 506 also

By way of illustration, this figure would have been achieved by maintaining
plasma inulin concentration at 20 mg. per cent and fnding that when urine as
formed at the rate of 2 cc. per minute the urinary concentration of inulin was

(
1200 X 2)

1200 mg. per cent V = 20 ·
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illustrates the manner in which certain substances are excreted b
this double process of glomerular filtration and tubular secretion Y
Phenol red (phenolsulfonphthalein) was one of the frst such n,

terials to be studied. In 1923 Marshall and Vickers23 first proved th
existence of tubular secretion in dogs by showing that much mo e
phenol red appeared in bladder urine than could possibly be ,
counted for by glomerular filtration alone, and it is now agreed that
if tubular secretion did not exist, the rate of glomerular fltration in
man would have to be at least as high as 350 cc. per minute in arder
to account for all the dye excreted. This is regarded as an impossible
figure, and still other substances ( dioclrast, hippuric acid derivatives
etc.) have been shown to be excreted approximately twice as efR­
ciently as phenol red.24 .

The importance of these studies lies in the fact that they provide
at least a theoretical way of measuring the renal blood flow in intact
subjeets. This conception is best illustrated by a consideration of the
so-called extraction ratio. It is not diffcult to expl ant a dog's kidney
just under the skin to a position which permits withdrawal of blood
from the renal vein at will; blood obtained simultaneously from a
peripheral vein is regarded as chemically equivalent to the blood

. A-Ventering the kidney through the renal artery and the formularep­
A

resents the ability of the kidney to extract a given substance from the
blood which perfuses it. Recently, extraction ratios have been ob­
tained in man by passing a catheter up the median basilic vein,
through the right auricle, down the inferior vena cava and into the
renal vein itself." If the concentration of substance X in peripheral
vein plasma is 12 mg. per cent and in renal vein plasma 9 mg. per

th · · · · i2-g 25 th kidcent, e extraction ratio is 3 per cent; 1e Ineys are

eliminating one quarter of the material brought to them.
If, then, a substance could be found the extraction ratio of which

is 100 per cent ( i.e., all the material is removed from the blood during
one circulation through the kidney), measurement of its urinary ex­
cretion rate in relation to the blood concentration would give a figure
equal to the rate of renal blood ow, since it is obviously impossible
for the kidneys to eliminate more of the substance than is brought to
them by the blood stream per unit of time. Figure 507 shows diagram­
matically the approximate extraction ratios of representative sub-

UV
stances in normal man and their direct proportionality to the

values.
Physiologists have therefore searched for substances which are ex­

creted so effcient ly that virtually none escapes the kidney by way
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of the renal vein and presurnabl l th l ·
ad 5os show tdat diodasta4,]2;',"" "ymphatis. Figures 5o7
tually meet the requirements "h . uppuu~ acid denvahves vir-' smce their extraction raf ·approximately 90 per cent." The fact that th . ios m man are
cent is not a valid criticism for it, as S, 4,4,,"7Uos are not 100 per

· f ti bl d · ' mi ias pomted out thatsorne o 1e oo entermg the renal arter · ¿· tr"b dor fatty tissue and thus _Y is is I ute to connective
never comes in contact with true kidne

parenchyma at ali. The method has, therefc b d bed Yf " ff . ' , ore, een escn e as a
measure o e) ective renal blood flow." For exam I if ·t b f d
that llOO mg. of diodrast are appearing ti pble,dd 1

~ oun· t d th t h d m ne a er urme permmu e an a peripheral vein plasma contains 2 h, , ~ mg. per ce., t en
--l, 100
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Fig. 507.--The relationship between plasma clearance and extraction ratio.

550 ce. of plasma must have come in contact with tubular tissue each
minute. If, furthermore, the hematocrit is 45 per cent, the effective
whole blood flow is 550 = 1222 ce. per minute. In twenty normal

0.45
human subjects Bradley27 has found that the extraction of p-amino­
hippurate ranged from 89.5 to 95.6 per cent with an average figure
of 92.4 per cent.
It will be observed from Figure 506 that this technic is valid for the

measurement of renal blood flow only when the blood concentrations
are kept low enough to permit maximal extraction; the capacity of
tubular cells to transmit material is easily exceeded and, when this
is done, the extraction ratios obviously fall.
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DEFINITION OF CLEARANCE

Thus far the word "clearance" has been studiously avoided be
,·. h di th 1de auseit seems to impose a handicap upon the average student. Actually, the
required arithmetic is extremely simple and the concept not too di[R

uv
cult. The formula ¡P has already been explained; it was frst in.
troduced by !vloller, i'vlclntosh and Van SIyke," i a study of ure
excretion and was defined by them as "the volume of blood wkich on
minute's excretion of urine suffices to clear of urea." Another way
of saying the same thing is that "clearane" is that volume of blood
which contains the amount of substance excreted by the kidney in
one minute. In the case of urea this is a hypothetical rather than an
actual value; since the extraction ratio far urea is only about 8 per
cent (Fig. 507), the blood is obviously not "cleared" but it represents
a convenient concept nevertheless. In the case of diodrast, however
the blood is virtually "cleared" and the diodrast clearance, therefore.
becomes equivalent to renal plasma flow. To determine the "olear­
anee" of any substance one has only to calculate the number of cubic
centimeters of blood which must flow through the kidneys in ohe
minute in order to account for the amount of that substance appear­
ing in the urine in the same unit of time. Clearances may be calcu­
lated far either whole blood or plasma but it is preferable in most
instances to deal only with plasma clearances. Unless otherwise stated,
therefore, the word clearance will denote plasma clearance and in
the foregoing discussion the word clearance may be substituted

uv
for the formula.

THE FILTRATION FRACTION

These clearances have more than static absolute value, however, for
they are capable of depicting changes in renal hemodynamics. If, for
example, one divides the inulin clearance ( glomerular Rltration rate)
by the plasma diodrast clearance ( renal plasma flow), the figure
obtained represents the proportion of plasma Rltered through the
glomerular membrane; this has been termed "the filtration fraction"
by Smith."" Although it is a value which can be altered by many
factors (permeability of Bowman's membrane, intrarenal tissue pres­
sure, the osmotic pressure of plasma proteins, the viscosity of the
blood, etc.), changes in this ratio are generally interpreted as repre­
senting fluctuations in intraglomerular pressure due to variations in
the caliber of the arterioles entering and leaving the glomeruli."
Thus, constriction of the afferent arterioles would result in a propor­
tional drop in blood flow and filtration rate whereas preferential con­
striction of the efferent glomerular arterioles would diminish renal
blood flow ( diodrast clearance) but would raise intraglomerular pres-
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sure and thus tend to maintain the I ¡. ' mu m c earance at ·t · • , ·tion level. Conversely, dilatation of th,,, Is preconstric-. ' ' 1ese arteno · ht b .to produce mcreases in diodrast l . es mg! e expected

ast clearance but simulta :. ¡lclearance might rise or fall, d di aneous mu 111
' ' epen mg upon whethe· th• a·¡tation takes place proximal or distal t ti I I¡· e vaso I a-

. d ¡ ' o he g omeru 1. It must bepomte out, however, that changes in ti . t .
b 1, ·¡¡ . d , ' · 1e sec1 e ory capacity of the

tubules wi! produce apparent fluctuations ': th "lt is, f, e, ,»

1 · ¡ · f ¡¡ ¡ ' m 1e rnhon ractionw 11c 11s, a ter a.., on y a ratio.

THE i\-IEASUREi\-IENT OF TUBULAR SECRETION

Acceptance of diodrast clearance as a measure of renal plasma flow
need not depend upon any notions concerning the , ¿4¡]
1 k"cl h . manner 111 w 1c1

the idney andles diodrast any more than a urea clearance tells us
anythmg about the machinery of urea excretion; in either case it is
enough to know s1mply that diodrast ancl urea are somehow extracted
by the kidney and extruded into the urine. By altering experimental
concht10_ns, however, it is possible to obtain quantitative information
concerning the c_apacity of renal tubules to transport materials and
thus to assess tubular function separately from glomerular filtration.

Figure 506 shows that plasma diodrast clearance can be interpreted
as a measure of renal plasma flow only when the concentration of
dioclrast-iodine in the plasma is kept at a very low leve!, less than
5 mg. per cent. The clearances of phenol red are, likewise, valid only
under similar and even more rigid restrictions. If plasma concentra­
tions are raised progressively, the corresponding plasma clearances
fall proportionately until at very high plasma levels the clearances
become depressed almost to the inulin leve!. This is because the ability
of the renal tubules to secrete certain substances is readily exceeded;
if more material is offered to the tubules than they can transport with
maximal efficiency, the extraction ratio falls and the plasma clear­
ances become uninterpretable on a physiologic basis. At sorne definite
point the tubule transfer mechanism will become saturated and excess
amounts brought to the kidney can be excreted only by the glomerular
route, which has no such limitations. Thus, at very high plasma con­
centrations the amount excreted by glomerular filtration so greatly ex­
ceeds that contributed by tubular secretion that the total clearance
closely approaches the value for inulin itself. Indeed, this asymptotic
relationship between clearance and plasma concentration is one of
the standard methods of detecting tubular secretion itself.

Smith2G was the first to make quantitative estimates of the secretory
capacity of the renal tubules. From simultaneous plasma clearances
of inulin and diodrast it is possible, with the aid of a nomogram"
depicting the amount of free or unbound phenol red and diodrast at
various plasma concentrations, to calculate the glomerular and tubular
contribution to total urinary output. For example, if one multiphes

TESTS OF RENAL FUNCTION
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the amount of free or filtrable diodrast in 1 ce. of plasma by th
glomerular filtration rate, he obtains a figure representing the ~b e
lute quantity of diodrast filtered per minute; the dilference betw so­
this and the _total rate of diodrast secretion, of course, gte','
tubular contribution. It is this latter value wluch IS of such inter t
because of its quantitative limitation. es
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Fig. 508.-'The relationship between plasma concentration; plasma clearanee and
tubular excretion of diodrast-iodine in a normal human suhject.

Figure 508 shows the relationship between the concentration of
plasma diodrast and the amount secreted by the tubules of a normal
human subject. The open circles represent the milligrams of diodrast­
iodine secreted per minute and show that at a plasma level of ap­
proximately 51 mg. per cent this value becomes constant and that the
tubules are unable to secrete more than 45 mg. of diodrast-iodine
per minute regardless of further increases in the load of diodrast
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offered to them. This value has bee t
(he masimal mate of tubular é""",d y Smid atoaras-T
method of estimating the functional ' ' . may be accepted as one
Srnith's studies31 indicate that the re c?tc~t~ of the renal tubules.
capable of secreting about 52 mg of a~ªa u ~ eds. of normal man are. · 1orast-ioline pe · t hof women slightly less. Our average a· d t T r mmu e, t ose
series of rnixed subi'ects was 40 ' 10 r~s - m on a much smaller.' mg. per mmute,32

Substances other than diodrast may of b
' e e ' course .pose provided they are in part eliminated bv t b, I e used for this pur­

y tubular secretion. Figure
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tubular excretion of phenol red in a normal human subject.

509 illustrates observations of a similar character in which phenol
red was employed. As already stated, the kidney handles this sub­
stance with considerably less efEciency than it <loes diodrast or cer­
tain hippuric acid derivatives so that the absolute values are different,
but the principie of estimating the functional capacity of the tubular
excretory rnass by measuring the maximal tubular output of the dye
(phenol red-Tm) is equally valid. Far severa! reasons, the use of
phenol red fer these purposes is unwise and Smith' s observations"
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indicate that sodium p-aminohippurate will probably be the sub t
of choice for this as well as for the determination of renal plas,,,"

l T b 1 f . 1 b 1di ' 1owGlucose-Tm.-ubulartunction may also e studied from the sta ¡q.
point of absorption rather than secretion and for this purpose gluan -
has been most widely employed. Ordinarily, all he glue,""
glomerular Rltrate is reabsorbed but it is possible, y progre"

1 . f 1 1 . 1 . !Veelevation ol the plasma concentration, to reach a point at which +]
amount of glucose offered to the tubules is just equal to their capaci;
for reabsorption (renal threshold). Using the normal dog, Shannoni+
has shown that glycosuria suddenly appears when this plasma leve!
is exceeded. Thereafter, the quantity of glucose reabsorbed will equal
the quantity Rltered minus the quant ity appearing in bladder urine.
The maximal ability of the tubules for reabsorption (glucose-Tm) is
as remarkably constant as is diodrast-Tm, averaging about 375 mg.
per minute in normal adults.31 Since the infusion of such large
amounts of glucose (plasma concentrations of about 400 mg. per cent
are required) produces intense diuresis and tends to disturb fluid
balance and glomerular activity,31 this is not an ideal procedure, and
the measurement of secretory Tm is preferred for most purposes.
Whichever test is employed, it must not be supposed that the

weight of the kidneys can be accurately predicted therefrom. Some
of the lowest diodrast-Tm values have been found inmalignant hyper­
tension when the kidneys have not been unusually small.

RENAL ISCHEMIA

If, then, one has at hand technics for the measurement of renal
plasma or whole blood flow and tubular excretory rnass, it becomes
possible, as Smith has advocated," to express the quantity of plasma
of blood flowing through the kidneys in terms of the amount of func­
tioning tubular tissue. Because the absolute values for plasma clear­
ance vary from subject to subject, it is far better to adopt the ratio
renal plasma fow, ¡4. a. fe de ·ibi th 5lu f,, since thi s gives a gure tescriing tle volume o

Tm
plasma per unit of tubular tissue. The value of this concept will be
more clearly established in the .following discussion concerning the
diseased kidney.
Figure 510 illustrates the kind of information which may be ob­

tained with these methods. It illustrates the changes in renal hemo­
dynamics produced by epinephrine in a normal adult. The diagram
is somewhat deceptive since it suggests that measurements of diodrast
clearance and diodrast-Tm were made simultaneously, an obvious
impossibility; they were actually done on successive days but are
charted together for the sake of convenience.
In the resting control periods renal plasma flow ( plasma diodrast

clearance) averages about 500 cc./min./1.73 sq. m. surface area;
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glomerular filtration rate (plasma in 1. 1d h · ¡ u m c earance) about 100 ¡ ·an t e maxama! secretory capacity of the b . cc./mm.;
about 32 mg./mm. The proportion f I tu ules for diodrast-iodine

0 P asma filtered through the
glomerular bed ( filtration fraction) = C, 18e = per cent, and the

of plasma perfusing each .,""unit of renal secretory tissue
volume

3
After the subcutaneous injection of 1 f · h •
d · · ¡ mg. o1 epmnephrine, a sharpre'uction in rena plasma flow takes place e f ¡¡· ' '. .• ' , n a mg to a mmnmmum

€
Re-...IOOOF--=------------------c
ti

Fig. 510.-Effect of epinephrine on renal hemodynamics ~ml blood pressure iu a
normal human subject.

leve! of slightly more than 200 cc./min. That vasoconstriction is taking
place predominantly in the postglomerular or efferent arteriolar becl
is suggested by the fact that the rate of glomerular filtration ( C,)
maintains itself virtually unchanged; had the constriction occurred
in the proximal side of the glomerular bed, a sharp reduction in inulin
clearance would have been anticipated. As it is, the rise in intraglo­
merular pressure is such as to increase the filtration fraction to 43 per
cent, and the renal plasma flow per unit of Tm, drops to 6.12, nearly
one third its former rate.
It should be pointed out, however, that such relatively simple in­

terpretations as these have been questioned on theoretical grounds.
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On purely mathematical grounds Lamport""" has derived fomm4]
which suggest that change in the caliber of the afferent arteriales u as
also take place. Shannon," however, has point ed out that .,""
tl . ·1 "ft Ier1eory is entirely satisactory.

INTERPRETATION IN THE PRESENCE OF DISEASE

The measurements of glomerular filtration rate, renal plasma flo
and Tm appear to yield valid results in normal subjects, but the ¡
ence of disease imposes certain limitations upon their unqualife]
acceptance. In Bright's disease, particularly, it would seem more than
likely that the distorted architecture of the kidney would also entail
sorne perversion of function which might not only be undetectable
by clearance methods but might even invalidate them. It must be
remembered that clearance methods are over-all procedures and can
hardly be expected to revea! subtotal fluctuations in renal function:
for example, it is quite impossible to tell from a urea clearance of
50 per cent whether the patient has had one kidney removed or
whether both kidneys are working at half their normal rates. Indeed
some have felt"" it hazardous to apply clearance methods at all to
seriously diseased kidneys, and even in anatomically normal kidneys
certain extrarenal factors have been shown capable of profoundly
modifying clearances. For example, Heinbecker, Rolf and Whte4o
have produced marked changes in clearance and Tm values by inter­
fering with the function of the anterior hypophysis, thyroid and
adrenal cortex. Testosterone causes renal hypertrophy and an in­
creased diodrast-Tm.41• 42 Vitamin A increases urea and inulin clear­
ances43 and renal blood flow, glomerular fltration rate and dio­
drast-Tm.+' Hemorrhagic and traumati ce shock», 46, 47, 46, 49 and renal
anoxemiaúo, úl have been shown to produce discrepancies between
actual renal blood flow and clearances of diodrast and p-aminohip­
purate because of impaired tubular extraction. These observations
illustrate the fact that the mechanism whereby tubular cells move
materials from the blood stream to the tubule lumen depends in part
upon adequate supplies of hormones, vitamins and oxygen, and that
one cannot assume that this transport mechanism is of equal effciency
in all patients or even in all parts of the kidney parenchyma of a
given patient. Reduction in tubular clearance may be affected as much
by the impaired extraction as by reduction in blood fl.ow.
It is not diffcult to imagine many conditions in which tubular

extraction capacity may be so diminished that plasma clearance falls
far short of actual plasma flow. Sodium tartrate,52 uranium53 and
carbon tetrachloride have been shown to produce this effect and
doubtless mercury does also. We32 felt that diminished tubular ex­
traction of diodrast rather than reduction in renal plasma flow was
responsible for the high flltration fraction shown by sorne of our
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hypertensive patients, although there is much good evidence that the
same relative figures may be achieved by efferentglomerular arteriolar
constriction."5 Corcaran and Page5° accept the plasma inulin clear­
ance as a true measure of glomerular filh·ation rate and the plasma
diodrast clearance as a true measure of renal plasma flow in chronic
glomerulonephritis and malignant hypertension but say that "the
equivalence of plasma diodrast clearance with effective renal plasma
flow is invalid in conditions of widespread tubular renal injury." Al­
though the relationships between urea and inulin clearances are
usually well maintained in renal disease, they occasionally approach
unity,57 • 58 a circumstance attributed to diminished urea reabsorption
rather than to backward diffusion of inulin. It is apparent that in
many instances of severe tubular damage the clearance of diodrast or
hippurate may fail to give an even approximate index of renal blood
flov,70, 60

These criticisms have been recognized and apparently answered
by Smith who points out that clearances must be interpreted in
relation to the mass of functioning tubular tissue. In Bright's dis­
ease the proportion of excretory to inert tissue progressively dim­
inishes with the result that extraction ratios also decrease, but the ratio
plasma clearance still gives an indication of the amount of blood­

Tm
perfusing, functioning renal tissue. The absolute clearances may then
be untrustworthy in disease but they continue to have significance if
considered in relation to the separate assays of tubular function.
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UNNECESSA,RY ABDOMINAL OPERATIONS FOR PATHO
LOGIC LESIONS OF THIE GENITOURINARY TRAcT

MnIs GAGE, M.D., F.A.C.S." ANJ. B. FLoY, J., M.D;

T1m clinical manifestations of pathologic lesion · · t· · th· · l s ongma mng mn e
genitourinary tract so closely mimie lesions of the intra-abdominal
viscera that unnecessary laparotomies with sacrifce of abdominal
organs are done all too frequently. Cabot once stated that the most
common operation for stones in the right ureter is appendectom . It
is not of rare occurrence to examine a patient who has had on~more abdominal operations for the relief of abdominal pain o1,
discover that a lesion of the kidneys or uretershas been the cause
of the pain and the long unrelieved morbidity. Sorne patients have
suffered for years from recurrent abdominal pain, losing their ovaries
and tubes, appendix or gallbladder and obtaining complete relief
only after a ureteral stricture has been dilated or hydronephrosis or
pyonephrosis has been adequately treated.
Dr. Edgar Burns of the Department of Urology of the Clinic has

observed that over 40 per cent of the patients with anomalies of the
genitourinary tract visiting the department have had abdominal opera­
tions not only without relief of symptoms but with definite progression
of the urologic disease. A review of the literature reveals similar sta­
tistics regarding unnecessary abdominal operations for the relief of
abdominal pain due to lesions confined to the urinary tract.
Kruse,' writing on Hunner's ulcer, stated that half of his frst eight

patients had extravesical operations without relief. Wright? observed
that in Hunner's series of ureteral stricture 80 per cent of the patients
had abdominal scars from "misapplied surgery." Brown and Wake­
field reported two cases of patients with typical prolonged gallblad­
der symptoms in whom removal of the gallbladder gave no relief.
Both patients had stones in the right kidney and obtained complete
relief after their removal. Campbell' reported 213 cases of abdominal
pain in children with urologic disease. Fifty per cent of these had
acute or subacute urinary infection; of the latter cases, fourteen were
diagnosed as acute appendieitis and thirteen had previous appendec­
tomies without relief. Caulk5 found that 27 per cent of his patients
with renal or ureteral calculi or both had had appendectomies with­
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out relief from pain. In Cecil's" series of 300 cases of urologic les
28 per cent of the patients had stones in the kidney or ures
ducing abdominal pain as the predominating symptom; 20 per pro­
of these had had abdominal operations without relief. Mara _;;"
Chynoweth7 in a review of 400 consecutive patients with aro
disease wrote that 50 per cent of the patients sent to the urolo~'.c
department for cystoscopie data had come for some trouble 6+j
than that of the kidneys and that 50 per cent had more abdominal
than genitourinary symptoms. They also stated that 25 per cent of
cases of renal disease with abdominal symptoms are incorrectly diag­
nosed. Martin, discussing hydronephrosis, stated that when the lesion
was on the right side the most common diagnoses were appendicitis
disease of the gallbladder or lesions of the tubes and ovaries and that
following removal of these organs without relief the patients were
then treated for such conditions as neurosis, lumbago, ptosis or in­
digestion. Massenburg" reported a case of left pyohydronephrosis
with abdominal pain in which appendectomy and later uterine sus­
pension were done without relief. O'Neil," reporting his cases of
urologic disease at the Massachusetts General Hospital, stated that
25 per cent of the patients with ureteral calculi, operated upon for
the stones, had had previous operations for appendicitis or sorne other
supposed intra-abdominal lesion without relief. Braasch' ' found that
one third of his 143 patients with renal stones had had unnecessary
laparotomies. He reported sorne very interesting findings in his series.
Eighty-three of the patients had stones in the right kidney, fifty-fve
in the left kidney and fve in both kidneys. There were twenty-three
patients with stones in the left kidney who had had cither appen­
dectomies or cholecystectomies without relief of symptoms. In
Cabot's12 157 cases of stones in the kidneys or ureters or both, twenty­
six had the following unnecessary laparotomies without relief: appen­
dectomy, ten; exploratory laparotomy, seven; fixation of the kidney,
four; operations for gallbladder disease, one; and decapsulation of
the kidney, salpingo-oophorectomy, suprapubic cystotomy and re­
moval of adhesions, one each.
From this brief review it can readily be seen that 25 to 30 per cent

of patients with pathologic lesions of the kidneys, ureters or both
have had previous laparotomies for nonexisting lesions of the ab­
dominal viscera. A large number of these improperly treated patients
have been attended by the average surgeon who specializes in general
surgery but also does general practice. The percentage cited is un­
doubtedly Iow; it probably would reach 35 to 40 per cent as a general
average.
That urologic disease constantly manifests itself clinically as an

acute or chronic abdominal lesion has been reported by many authors.
Atherton13 reported a case of a urologic lesion of the upper urinary
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tract producing pain in the upper right qudr t f h
1 · !lb! dd di 1a ran ° t e abdomensimulating gal la ter lisease. Brown and Wakefeld r d

f . ¡ . · ¡ • a e e reporte several
cases o1 rena, stones 111 w uch the clinical sympto dd;

!lb¡ dd I oms suggeste lisease
of the ga a er an removal of the gallbladd ¡· f• h di er gave no re.1e:. Inthis same paper they liscussed the ."enterorenal sy d f ,1 ". . d' . . n rome o l\' ayo
which is a condition seen in elderly patients who ha · d 'f :. sr. l br :. _ ve sgns an symp­
toms o mtestma obstruction, accompanied by an ¡ t· · h. , e evaaon in t e
blood urea mtrogen content and a decreased urinary O t t Th

d . . . b I f . u pu . eyreporte two cases, m ot 1 ol which recovery ensued in · t· ¡¡ · . , one ms anee
foltowing conservative treatment and in the other after e I ti

b ll·l b 1· d ¡ . , xp oranon.
Campbel elieve that the urologic lesions which cause abdominal
symptoms are predominately obstructive in character and that grave
urologic lesions with abdominal pain may exist despite the presence
of normal urme. Tlus certainly adds confusion to the accurate diag­
nosis of urologic diseases.
In Cecil's" 300 cases of lesions in the upper urinary traet there were

a large number in which the pain was limited to the abdomen.
Twenty-eight per cent of the cases with stones in the kidney and
ureter had abdominal pain without pain in the back. In 26 cases with
typical back pain referable to the kidney, pain was also referred to
the abdomen; in two of these cases the abdominal pain was diffuse.
In forty cases of tuberculosis of the kidneys there were seven cases
with no pain in the back, the pain being limited to the abdomen. Cecil
listed the percentage of urologic lesions that presented clinical symp­
toms of abdominal disease without back pain as follows: stones in
the kidney and ureter, 28 per cent; renal tuberculosis, 17.5 per cent;
pyelonephritis, 5.5 per cent; hydronephrosis, 15 per cent; and tumor
of the kidney, 50 per cent ( small series). The most common site of
referred pain was the gallbladder and appendix. Stone, according
to Braasch, 14 reporte el 251 urologic cases in which pain and ten­
derness in the kidney region was present in only 117. In twenty­
six cases pain was abdominal and generalized. Pain was referred to
the gallbladder in thirty cases; to the lower abdomen in thirty-to
cases· to both sides of the abdomen in fifty-six cases; to the affected
side of the abdomen in forty cases; and to the contralateral side of
the abdomen in sixteen cases. Squires and Bateman15 described a
"retroperitoneal syndrome" from reflex action of the gastrointestinal
tract from stimuli arising in the kidney and passing through the celiac
plexus. In ninety-eight cases of this syndrome they found 50 per cent
with gastrointestinal symptoms and 25 per cent with no symptoms
of renal disease. Martín and Chynoweth7 found that m 400 urologic
cases only 80 per cent presented the classical urologic symptoms.
Peacock and Hain" in a study of seventy-six cases of ureteral stric­
ture stated that 29 per cent of the patients had a dull pain in the ab­
domen simulating abdominal disease.
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Why should a pathologic lesion of the genitourinary tract manif
itself without symptoms pertaining directly to the lesion but n ~~
reflex symptoms which are entirely abdominal in character? TI ¿,
symptom in both intra-abdominal lesions and urologic diseases ¡"""
This pain is due primarily to involvement of either the son{""
sympathetie nervous systems or both and secondarily to ivol,",
of contiguous organs or struetures. The viscera in both the ata,,'
and the genitourinary tract are either solid or hollow. The 1,"
víscera are composed almost entirely of neuromuscular tubes who;
funetión is secretory, absorptive and excretory. The solid viseera a1
have the same function. They not infrequently contain, within their
parenchyma, tubes lined with epithelium. The gross difference be­
tween the two is that the solid víscera are encased in a compara­
tively unyielding fbrous capsule whereas the hollow víscera are
elastic and yield to increases of pressure. Both the solid and hollow
víscera are supplied by similar nerves and have similar blood supply
and lymphatic drainage. Therefore, they are closely if not intimately
associated with each other. The sympathetic nerve supply to both the
genitourinary tract and abdominal víscera has a common dispatcher
or intergrating point, the· celiac ganglion and celiac plexus. The latter
is a composite of the splanchnic and associated plexuses. Thus, pain
from lesions in the genitourinary tract and the abdominal víscera may
be widespread and irregular because of intimate integration of both
the somatic and sympathetic receptive fbers. The pain originating
from the kidneys and abdominal viscera is referred to the tenth,
eleventh and twelfth dorsal and the frst lumbar spinal segments.'
The stimuli again may be distributed up and down the spinal cord
to many segments before being relayed to the brain. Another source
of stimuli is that the kidneys and ureters are in close association
anatomically with the parietal peritoneum ( with its sensory nerve
supply) the hepatic and splenic plexuses of the colon, the duodenum
and the ileohypogastric, íleo-inguinal and lateral cutaneous femoral
nerves. That the symptoms of both the abdominal and urologic víscera
éan mimic each other is understandable from this cursory description
of the anatomy and associated anatomic relationships with other im­
portant organs and structures.
It would appear that the mechanism of production of pain in the

urologic tract is similar or identical to that in the abdominal cavity.
Pain is produced primarily by obstruction, which may be acute or
chronic in character. Obstruction of the ureter, if sudden, not only
causes dilation of the ureter but also of the distensible components
of the kidney. Since the ureter as well as the gastrointestinal tract is
endowed with peristaltic activity, the pain produced by obstruction
to the lumen of each is characteristically intermittent or colicky. If
the obstructing process is gradual, the pain is more of a clull type
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which also may or may not be intermittent The h t f h .
d • 1· · 1 if . · c arac er o t e paman its cimm1ca man estations may vary from t· t ti. d .

th . . f th ume to me lepending
upon e intensity o e dilation of both ureters and kidr d
even the bladder. Acute obstructions of the urologi t I tneys anb· h · f · 1c rac may edue to e1t er m echan or renal or ureteral stones b th Chr
b . . d d b , or o · ron1eo struchon 1s pro uce y either stones or stricture O b th. d ith b t h . . f r o asso-ciate wat subacute or chronic infection. In the solid visc the .::. »d. h :..:, :.' 5cera 1e pain

is produce , m t e majority of mstances, by infection of the paren-
chyma and tubular components or new growths which distend the
unyielding fibrous capsule, and the pressure is secondarily offered to
the artenes, vems and nerves producing somewhat of a vicious cycle.
The character of the pain is dull and more or less continuous. How­
ever, acute distention of the parenchyma will in turn produce acute
pain, which is continuous, whereas that of the hollow viscera (ureters,
small and large bowel and b11iary ducts) is intermittent. Therefore
pain from lesions of the kidney or ureter at the pelvic junction is not
infrequently referred to the right upper quadrant of the abdomen,
simulating the pain of acute pathologic processes of the gallbladder
and ducts or ruptured peptic ulcer. On the other hand, if the lesion
is low in the ureter or bladder, the pain may be referred to the ap­
pendix, sigmoid or female generative organs. Pain from lesions of the
seminal vesicles may also be referred to the appendix or sigmoid. The
slowly progressive lesions occurring in the upper or lower portions of
the urinary tract produce symptoms referable to the abdomen simu­
lating diseases of the abdomen, i.e., gallbladder, pancreas, appendix,
sigmoid and female adnexa. The signs and symptoms common to
acute lesions of both the abdominal and urologic víscera are pain,
anorexia, nausea and vomiting, abdominal rigidity, distention, fever
and leukocytosis; in chronic lesions they are pain, anorexia, disten­
tion, loss of weight and anemia.
According to Connell,18 the renal lesions which are likely to be

confused with intra-abdominal lesions are renal or ureteral stones,
Dietl's crisis, unilateral hematogenous infection, uremia, perinephric
abscess and pyelonephritis. Braasch'' stated that in his 25l cases of
kidney stone, only 1l7 had typical pain and tenderness in the kidney
region; general abdominal pain was present in twenty-six cases, pam
was referred to the gallbladder in thirty cases, to the lower abdomen
in thirty-two cases, to both sides of the abdomen m forty cases and
to the unaffected side of the abdomen in sixteen cases.
In Campbell's° series of 213 cases, over 50 per cent had an acute

or subacute urinary infection that was suspected at once or after
an early examination. However, he pointed out that grave urologic
lesions may be present despite the evidence of normal urme. He also

° Campbell has given an excellent classifcation of the lesions of the genito­
urinary tract which may produce abdominal symptoms,
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suggested that in patients with lower abdominal pain, the pre
of vesical residual urine should be determined. sence

According to Eisendrath"" the urologic lesions that mimic ap
dicit is or ypper abdominal diseases are: (1) acute block¿ ,"",
outlet of the renal pelvis or upper ureter, ( 2) kinking of the ure,
and torsion of the renal pedicle, (3) acute occlusicin of the outlet i}
the renal pelvis or upper ureter by an anomalous vessel crossing th
ureter and (4) acute infection of the kidney or its surrounding ft
with or without stones. Those that simulate appendicitis are: ( 1)
ureteral calculi in the iliac or pelvic portion, (2) ureteral strictures
in the iliac or pelvic portion, (3) ureteral kinks ( abnormal renal
mobility), ( 4) chronic nephritis of the painful type (nephrit is do­
lorosa), ( 5) passage of uric acid or oxalate of calcium crystals, ( 6)
tabetic ureteral ancl renal crises, ( 7) ureteritis (usually associated
with pyelonephritis) and ( 8) seminal vesiculitis with secondary in­
volvement of the ureteral wall. Lesions imitating symptoms of ab­
dominal tumors are: ( l) iliac renal ectopia, ( 2) pelvic renal ectopia,
( 3 )· crossed ( fúsecl) ectopia, ( 4) horseshoe kidney and ( 5) unilateral
double kidney. Hertzler," writing on acute localized infection of the
kidney, stated that the pain may be abdominal and simulate appen­
dicitis, gallbl adder disease or perforation of a peptic ulcer of the
duodenum or stomach. He also statecl that the urine may show few
or no changes.

Jablons," in discussing the retroperitoneal synclrome, stated that
the innervation of the gastrointestinal tract arises from the same cen­
ters as that of the kidney and ureter and that the gastroint estinal
tract is supplied by the vagus nerve, celiac plexus and sympathetic
fbers which .traverse the greater and lesser splanchnies. In the celiac
plexus, refl.exes are set up by impulses origínating in frie kidney, ureter
or posterior parietal peritoneum. This explains the reflex abdominal
symptoms from urologic lesions because the urologic symptom complex
is submerged by the predominant abdominal signs ancl symptoms.

Squires and Bateman" reported ninety-eight cases of renal disease;
50 per cent of the patients had gastrointestinal symptoms and 25
per cent had no symptoms of renal disease. The gastrointestinal mani­
festations were nausea, vomiting, pain, abdominal distention, belching,
heartburn, epigastric clísh·ess, constipation ar diarrhea. In twenty-two
cases of pyelonephritis terminating in uremia, sixteen had abdominal
symptoms; i.e., pain, nausea, and vomiting.22 Enlargement of the liver,
hematemesis and melena were only occasionally present.
In the short review given in the preceding paragraphs it is apparent

that almost any disease of the urologic tract from the kidney and
perirenal tissues to the bladder, prostate and seminal vesicles can
mimic any one of the various pathologic diseased states occurring
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within the abdomen. This becomes inc. .· ¡
d t ¡ k" . ieasmg Y true when the signsan symproms are ac ·mg m urologic disorders.1, 0, 7, 20, 21, 23, 24, 25

It therefore becomes of paramount import t k
d•ff · ¡ d. • • r anee o ma e an accurateifterential liagnosis if unnecessary open ti be l
I l • . f . ' ra1ons are to e preventedn the majority o instances an accurate diagr ·i f ¡ • d. ·

b d . ' , , nos1s o uro og1c 1sease
can e m"e P"9"id"d oe constantly keeps in mid the ábdomtal
mm1ery ot gemtourmary lisease, takes a most careful history and
does a complete physical examination. Carefully selected diagnostic
laboratory procedures shoukl be included to establish th d. ·1 : :. sibl d :. 1e uagnos1s.1",,}}"},2"",,g9, ot desate to give de alote.l aiitesta­
tions an terential diagnosis of each pathologic lesion of the genito­
urmnary hact, but the causative faetors and their delineations and the
rnethods that will aid in the ?iagnosis will be discussed. The urologic
problems can be divided into two main groups-the acute and
chromc, the latter bemg responsible for the greater number of mis­
takes. The acute conditions are due mainly to infection produced by
both the cocea! and bac1llary groups.of organisms. In acute infections,
the parenchyma, the renal pelvis or both may be involved. The in­
fection may be superimposed on a preexisting lesion such as hydro­
nephrosis, chronic pyonephrosis with or without stones, or septic
infarcts of Brewer. The perirenal tissues may be involved by ruptured
pyonephrosis, cortical suppuration or perinephritic abscess. Acute in­
fections of the ureters, either ascending or descending with or with­
out stones, may be secondary to acute infections of the bladder, kid­
neys or periureteral lymphatics.
The noninfectious lesions producing acute symptoms are primarily

the result of a sudden block of the renal pelvic outlet or ureters. The
obstruction may be due to stones, anomalous arteries ( upper pole
arteries, 4 per cent, lower pole arteries, 3 per cent"), ureteral strictures
or ectopic kidneys. ·

The symptoms of acute lesions of the genitourinary tract are char­
acterized by sudden onset. There may or may not be chills, the fever
is higher than that seen in abdominal lesions and the pulse rate is
lower. The white cell count is higher and more stable in urologic
than in abdominal disease unless the latter is associated with complica­
tions. Nausea and vomiting are less common in acute renal lesions than
in intra-abdominal lesions. Muscle spasm, when present, is of greater
diagnostic importance than is pain or tenderness.G Moderate to severe
ileus may or may not be associated with acute infections; as a rule, it
is more common in the acute nonbacterial lesions. In acute disease of
the infectious or noninfectious type pain is due to obstruction (renal
or ureteral) of the outflow of urine. In the nonbacteria!_ form the pre­
dominating symptom is pain, with little or no systemic reaction. In
both, the pain may be of an intermittent or cohcky type. In cases
of infection the urine will, in all probability, reveal the presence of
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pus and bacteria. However, in cases in which the ureter is blo ked
the infected material cannot be passed; therefore, the urine ma/ e
pear normal on microscopic examination. According to CampLj"
over 5O per cent of his cases of acute or subacute urinary infe,"
the character of the lesion was suspected at once or after an eaºfs
examination. Inthe nonbacterial acute lesions the urine may be ¡¡
out pathologic significance. n
The laboratory investigations that will aid in diagnosis and pre­

vent unnecessary abdominal operations are: roentgenography, inelud­
ing excretory pyelograms, retrograde pyelograms, and cholecysto­
grams; gastrointestinal studies; and thorough cystoscopic examinations.
Gastrointestinal studies and cholecystograms are more useful in the
chronic than in the acute urologic lesions with abdominal symptoms.
The roentgenogram will reveal stones in the urologic tract, enl arged

kidneys and obscuration or obliteration of the lateral border of the
psoas muscle. The most important findings revealed by excretory
pyelograms pertain to kidney function, stones and distortion or block
of the pelvis or ureters. The excretory pyelogram is by far the simplest,
most rapid and most useful test in determining urologic disease al­
though it may sometimes be necessary to supplement it by cystoscopic
examination and retrograde pyelographic studies. Nevertheless, even
in very acute urologic or abdominal disease the excretory pyelogram
can, in a few minutes, give aids in diagnosis that would eliminate un­
necessary operations. In fact, I am so convinced of its diagnostic value
that I not only believe but recommend that it should be a routine pro­
cedure in all patients forty years or more of age. The almost routine
use of excretory pyelographic studies in both the army and urologic
clinics has demonstrated a high incidence of anomalies of the urologic
tract which in the past have been overlooked. In cases in which acute
ileus is secondary to urologic disease and simulates intestinal obstruc­
tion, the roentgenogram is of defnite value in differential diagnosis.
In acute ileus associated with genitourinary disease, gas can be seen
in both the distended small and large bowels; whereas in ileus originat­
ing in the gastrointestinal tract, gas is present only in the small bowel.
Gas and fluid levels are more commonly associated with ileus arising
in the intestinal tract.

According to Eisendrath'° the most common abdominal diagnosis
in the case of urologic lesions is appendicitis. The appendix is
erroneously removed in from 10 to 30 per cent of cases. The gall­
bladder has frequently been removed for hydronephrosis and renal
stones. Occasionally, the urologic lesion is on the left side. However,
it seems that the most common abdominal organs removed for urologic
disease are the appendix and the female adnexa. If both were as diffcult
to remove as the lumbar sympathetics, herniated disk, or the gall­
bladder, the frequency of error would be practically nil.
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CONCLUSIONS

In reviewing the literature on the abdominal manifestations of
urologic lesions, an attempt_ has been made to explain the peculiar
symptomatology upon an anatomie and neurophysiologic basis. The
interrelationship of the somatic and sympathetic nerve supply of both
the urologic and the gastrointestinal tracts explains the abdominal
reflex symptoms from urologic disease. It should be remembered that
when there exist both urologic and abdominal symptoms, the latter
not infrequently overshadow the .former. In from 30 to 40 per cent
of cases of urologic disease the signs and symptoms are abdominal
and not genitourinary, and less than 50 per cent of patients with
urologic lesions exhibit classical genitourinary symptoms. The abdom­
inal symptoms of acute and chronic urologic lesions so closely mimic
abdominal disease that from 20 to 30 per cent of patients with urologic
conclitions have had previous laparotomies not only without relief but
with progression of the urologic lesion.
Every patient with abdominal symptoms and urologic manifesta­

tions, however slight, must be thoroughly evaluated by both the sur­
geon and the urologist before abdominal section is advised. Patients
with indefinite abdominal pain should have a thorough urologic sur­
vey before the appendix, female adnexa or gallbladder is removed.
The laboratory and roentgenographic studies ( including excretory
pyelograms) will give inestimable information which will prevent un­
necessary removal of nonoffending abdominal organs. A complete
laboratory study of the urine in ali suspected or nonsuspected urologic
cliseases will reveal sufRcient pathologic states to warrant complete
urologic surveys. The high incidence of unnecessary abdominal opera­
tions for urologic lesions can be reduced or almost completely elimi­
nated only by constantly keeping in mind those lesions of the genito­
urinary tract which closely or completely mimic acute or chromc
lesions of the intra-abdominal organs.

REFERENCES
1. Kruse, F. H. and Herrmann , W. W.: Hunner's Uleer as an Unsuspected Cause

of Gastrointestinal Symptoms. C!llifornia &West. Med., 50:363 (May) 1939.
2. Wright, B.: In discussion of Atherton, L .13 . . . .
3 B P \" d Wakefield, E . G.: Gastrointestinal Manifestations of Urinary

. rown, . v.an ' ' f G · t' 1 D' PennsylDisease and Urinary Manifestations _o astromtes ma 1sease. -
vania M J 49· 1309-1314 ( Aug.) 1939.

4. ca1j, ií.'r.±Adomtal Pain f Urologie Oigin i Children. J. M. Soe.
New Jersey 39·427-431 ( Aug.) 19 ~· bd · ¡

5 e lk J R . 'Differential Diagnosis between Kidney and lntra-a omma· }.. s. M. 1., 1649-54 0.) 192%.
6. Cecil: A. 13.: Abdominal Pain in Diseases of the Kidney and Ureter. J.A.M.A.,

75.139-1245 9"9%) "9%"% 4 •. 1estos ot te Kaneys Presentes7. Martin, W. F. an 1ynowe 1, · ..



1256 MIMS GAGE, J. B. FLOYD, JR.

Vague or Misleading Abdominal Symptoms. J. Michigan M. Soc., 2447
477 (Sept.) 1925. ' · 3-

8. Martín, S. P.: Hydronephrosis as an Underlying Cause in Attacks of A
Abdominal Pain. New York M. J., 107:834--836 ( May 4) 1918. cute

9. Massenburg, G. Y.: The Importance of Urological Examination in Abdom· l
Diagnosis. J. M. A. Georgia, 9:34-36 (Jan.) 1920. una

10. O'Neil, R. F.: The Importance of Pyelography in Recognizing the Cause f
Obscure Abdominal Symptoms. Boston M. & S. J., 188:67i-678 (M4
1923.

11. Braasch, W. F.: Quoted by Connell, F. G.18
12. Cabot, H.: Quoted by Connell, F. G.18

13. Atherton, L.: The Consideration of Lesions in the Upper Urinary Tract Simu­
lating Gastrointestinal Disorders. Kentucky M. J., 38:152--161 ( April) 1940

14. Braasch, W. F. and Hendrich, J. A.: Renal Cysts, Simple and Otherwise. ].
Uro!., 51:1-10 (Jan.) 1944.

15. Squires, R. B. and Bateman, O. J.: Castro-intestinal Symptoms Related to
Renal Pathology. Bull. New England M. Center, 5:215-222 ( Oct.) 1943.

16. Peacock, A. H. and I-Iain, R. F.: Ureteral Stricture: Symptoms, Treatment
Complications and Results; a Study of 76 Cases. Surg., Gyne. & Obst., 43;
54-60 (July) 1926.

17. Sweetser, T. H.: The Upper Urinary Tract in the Differential Diagnosis of
Abdominal Emergencies. Minnesota Med., 11:684--689 ( Oct.) 1928.

18. Connell, F. G.: The Acute Abdomen. Surg., Gynec. & Obst., 28:583-597 (June)
1919.

19. Eisendrath, D. N.: Abdominal Diagnosis and the Urologist. J. Indiana M. A.,
21 :431-436 (Oct.) 1928.

20. Hertzler, A. E.: Acule Localized Infection of the Kidney. Surg., Gynec. &
Obst., 40:247-255 ( Feb.) 1925.

21. Jablons, B.: Gastrointestinal Symptoms in Relation to Hypertension and Renal
Disease. Rev. Gastroenterol., 11:246-258 (July-Aug.) 1944.

22. Lisa, J. R., Solomon, C. and Gordon, E. J.: Uremia: A Clinico-pathologi Study.
Intemat. Clin., 3:88-101 (Sept.) 1941.

23. Bailey, H.: Injuries to Kidney and Ureter. Brit. J. Surg., 11:609-621 (April)
1924.

24. Harris, S. H.: Sorne Causes of Kidney Pain and Their Treatment. M. J. Aus­
tralia, 1:41-49 (Jan. 18) 1919.

25. Mendelson, R. W.: Gastrointestinal Manifestations Incident to Diseases of the
.Kidney. Uro!. & Cutan. Rev., 46:361-364 (June) 1942.

26. Eisendrath, D. N.: Surgical Importance of Supemumerary Arteries to the Kid­
ney. Ann. Surg., 68:53-54 (July) 1918.

27. Lintgen, C.: The Incidence of Ureteral Stricture in Lower Abdominal Pain
in Women. Am. J. Obst. & Gyec., 33:636-643 (April) 1937.



THE PATHOLOGY OF GENITOURINARY NEOPLASMS

Jo1N C. HENTnomNE, M.D., M.S. (PAr.)°

To understand the nature of tumors it ' . . k .
l

. .· . . . . 1 1s 1mportant to now their
characteristic gross and microscopic appear t ·. the. rance, o recognize t e van-
ous anatomice complications produced by them, and tc be fa ¡]tl f f tl 1 . 1 d .O e am1.1arw_i 1 ª . ew o! he theoretical considerations which recur in scientific
discussions regarding them. This discussion is co1 d +. ¡1· h f h . · · ncerne pnman y
with tumors ot the kidney, renal pelvis, ureter, urinary bladder and
prostate gland. Carcinoma of the prostate gland is the only genital
tumor included in this communication.

KIDNEY
The commonest and most interesting tumor of the renal paren­

chyma is the mahgnant growth derived from renal epithelium and
best known by the name hypernephroma. It occurs predominantly in
men over 45 years of age. The hypernephroma is interesting because
it is grossly and microscopically distinctive, because, although it com­
monly follows a stereotyped clinical pattern, symptoms from meta­
static growths may be dramatic and bizarre, and finally, because it has
been the subject of an academic controversy for a number of years.
Grossly, the hypernephroma may involve the kidney at either pole

or at any point between the two poles with no apparent predilection
for any one site. It bulges into the capsule and often into the renal
pelvis as a result of which the classical symptom of painless hematuria
is produced; less commonly, it may involve the renal vein. The latter
anatomic complication of renal tumors is important because, as shown
by McDonald,' involvement of the renal vein increases the gravity of
the prognosis. Tillisch and co-workers2 have reported cases in which
the tumorous thrombus extended from the renal vein into the inferior
vena cava and heart. It is possible that many of the bizarre metastatic
tumors originating from hypernephromas are the result of invasion of
the renal vein and subsequent hematogenous spread of the growth.
Among the unusual forms of metastasis are those often located in
bones. These may give rise to initial symptoms caused_ by the second­
ary growth •such as pathologic fracture when the pnmary tumor in
the kidney has remained clinically silent. Such cases may not be com-
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mon but they are suffciently dramatic so that probably a dispropor.
tionate number have been recorded.

The cut surface of the hypernephroma has a distinctive appear.
ance which is largely due to the yellow lipoid cont ent associated v],
hemorrhage and fibrosis (Fig. 511). The result of this combination i
a brilliantly yellow, friable tumor with contrasting areas of bright re4
or darker brown hemorrhage and white fibrous tissue at the edges or
in more scirrhous parts of the tumor. Two notable exceptions to this
gross picture occur. One of these is the tumor which contains less
lipoid and is consequently not as yellow, and the other is a papillif­

Fig. 5l1.-Hyperephroma of lower pole. Involvement of a medium-sized renal
vein is apparent on the left.

erous cystic tumor which often contains appreciable deposits of cal­
cium salts. The latter lesion seems to be a slow growing or low grade
hypernephroma but is given an especial designation such as papillary
adenoma by sorne authorities. Higgins" has reported a group of such
adenomas.
Microscopically, the usual picture in hypernephroma is that of, clear

cells in papillary or alveolar arrangement invested by a delicate retic­
ular lacework of stroma. The clearness of the cells has not been
adequately explained because it is apparent that lipoid accumulations
alone do not account for this peculiarity. Fitehas called attention to
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glycogen deposits in these cells and it b .in will prove helpful i e»plan#, {¡{ Pobable that this observa­
tically, the cells may contain a b»,, glear cells. Less charaeteris­
v . . . h musn pigment
ariations in t e degree of anaplasia of h ·.

been observed by Hand and B . d ; ypernephroma cells have
h . . ' , 10 ers; who classified 193 cases ofhypernephroma into Broders four grades f ¡· th

na th d ., o1 malignancy; 1ey foundhat, as the legree of anaplasia increased, the s '¡
r I ti · . · 5 et, e prognosis ecamepoorer. n 1en senes, 0 per cent of the tu . f d

l. ¡ . . . Imors were o: grate I or IImalignancy, the slower growmg vaneties TI · · h ·• • · f ¡ • us 1s somew at surpris­mg m v1ew o the common impression that the h hr ··I] "¡ll ypernepl coma is anespecia y wi, tumor and it is apparent that · th· · ¡¡ · ' m sorne cases edramatlca y malignant aspects of the tumor have b hsized. · . een overemp a-

Other variations in the standard microscopic picture just described
are seen when the cells are not clear-the dark cell type. The darker
cells seem to occur perversely without good reason irrespective of the
degree of anaplasia of the tumor. Another variation is that the tumor
may be polymorphous. It may resemble the sarcoma in sorne areas
the angioma in others and the typical hypernephroma in still other
regions. In fact, the polymorphous character of hypernephromas is so
outstanding_ that some authorities list the variations of form that may
be present in a smgle tumor as one of the characteristics of this spe­
cific form of neoplasm.
The hypernephroma was named by Grawitz,G who conceived the

name because he postulated that the tumor was derived from cell
rests of adrenal gland tissue in the kidney. He was soon opposed by
Stoerck,7 who insisted that the tumor was derived from renal rather
than adrenalcells. Stoerck7 and Wilson8• 0 who, among others, trans­
lated the controversy into the American literature, disproved most of
Grawitz's contentions and although Grawitz still has a few distin­
guished supporters, the majority of authorities now concede that this
characteristic tumor of the kidney is derived from renal cells rather
than from adrenal rests as Grawitz supposed.
Those who adhere to the renal cell origin of this tumor are placed

at a disadvantage by the tenacity of the name "hypernephroma,"
which has established itself in spite of the best anatomic evidence
that the prefx "hyper," which implies adrenal origin, is a misnomer.
Those who have attempted to substitute other designations such as
adenocarcinoma of the kidney, nephroma, malignant nephroma or
renal cell carcinoma are eventually compelled to explain that the
name used really means the "so-called hypernephroma." A simple, if
not logical, solution would be to retain, without explanation or apol­
ogy, the term hypernephroma as a distinctive name for a distinctive
tumor and discard the Grawitz theory of ongm from adrenal rests.
It is evident that pathologists are loathe to abandon the Grawitz
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theory entirely because from time to time there is recorded an
·. d f d hoh be f" lc occa-sionas case o1 rena tumor whi ch, ecause ot its close resemblan
d 1 · 1 · · 'd b "t " h ce toadrenal cortical tissue, is saic to e a true ypernephroma deriv q

from adrenal rests as distinguished from the ordinary hypernepj ,,
derived from renal tissue. Higgins,3 for instance, recorded an ma
docrine effeet, notably hypertension, evidently produced by a""",
the six cases of adenoma which he reported, and Mitchell and A
gristl described cases in which there was anatomic evidence of
derivation of hypernephromas from adrenal rests.
This ancient controversy might be summarized by stating that the

remaining points in favor of the Grawitz theory are: ( 1) a tenacious
name; ( 2) the presence of lipoid in the cells of both the hyperneph­
roma and the adrenal cortex; and (3) the fact that adrenal rests do
occur in the kidney. The weakest features of the Grawitz theory are
the facts that: ( 1) even those tumors which most closely resemble
adrenal cortex anatomically have not produced endocrine disturbances
except possibly the case reported by Higgins; and ( 2) hyperneph­
romas resemble small adenomas of the renal cortex more closely than
they do· adrenal rests. It is evident that adenomas of this type are de­
rived from renal cells and that hypernephromas are derived from
adenomas, because as BellIL and Trinkle12 have stated, any sharp line
of division of renal tumors into adenoma on the one hand and hyper­
nephroma on the other is purely arbitrary since the relationship is
close.

The two benign lesions of the kidney, adenoma and adrenal rests,
have been mentioned so often in the discussion of hypernephroma
that a description of these smaller and less signifcant nodules seems
pertinent. The adenoma can be found only when the capsule of the
kidney is stripped and the cortex searched for suspicious yellow nod­
ules which may vary in size from a pin point up to 4 cm. in diameter.
All those over 4 cm. in diameter are arbitrarily designated as hyper­
nephroma. Most of those encountered are less than 0.5 cm. in diam­
eter. The cortex must be scrutinized carefully and suspicious yellow
nodules sectioned. Usually the adenoma is found on the surface, but
occasionally one that has not reached the surface may be found on
section. This latter type may resemble an abscess except that the
contents are solid.

Microscopically, the adenoma is usually papillary and of dark cell
rather than clear cell type. Deposits of calcium salts are common and
are said to indicate slow growth. The cells and especially the nuclei
are small and uniform in character. Less commonly, the adenoma
may be alveolar in.type and this variety is more likely to contain clear
cells resembling those of hypernephroma. The stroma of the adenoma
is scanty like that of normal renal parenchyma and the edge of the
rumor is usually found adjacent to normal renal parenchyma with
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little or no capsule interposed. The .
tumors seen grossly is not easily 3] • godlden yellow color of these. exp ame on th b . f h .scop1c appearance because it is diffi At d e asis o t e m1cro-
tamors bit hipoid material sir,'' ,"?"""ostrate lioid i these
has been demonstrated in some adena,,,' ,j;""S in hyperephromas
yellow color is due to lipoid content. a it is probable that the
If a careful search is made far adenomas. .

about 10 per cent of lideys i ad@lis. T$},@ be foud
occurred more commonly in scars ad » ,"9Sht that they

1 k.d ' ' m scarre 1 neys tha,norma 1 neys. It is apparent that adenomas like h n m
are found more commonly as age advances. ypernephromas,

Fig. 512.-Wilms' tumor. This tumor was bilateral and the major involvement was
on the opposite side.

The presence of adrenal rests in the kidney and along the struc­
tures which lead from the adrenals to the gonads is explained by the
embryologic origin of the adrenals, kidneys and gonads from the
mesoderm of the mesonephric ridge. It is. apparent that bits of adrenal
cortical tissue may be carried downward by migration of the gonads
or may develop as adrenal tissue on the surface of the kidney. Such
bits of adrenal tissue or rests are rarely observed in association with
the gonads and are usually discovered by chance.
Adrenal rests in the kidney occur as small plaques of adrenal cor­

tical tissue on the superior pole and may be found as bright yellow
or orange spots after the capsule has been stripped. The incidence of
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adrenal rests seems to be the same for children as for adults a d h
b ·1· f 13 · . naseen varously gven as trom to per cent. Microscopically, t]
is composed eurely of adrenal cortical tissue and is so íá,,7"
associated with the renal substance that an ocasional rea }""
may be noted in the center of the adrenal cell mass. The j,"
<loes not contam tissue of the adrenal medulla. Occasionally, the
tire adrenal gland may be attached to the superior pole of hé 1q4,
This latter anomaly is called heterotopia. ey.
Wilms tumor of the kidney is less common than the hyperneph­

roma. In the 117 cases of malignant tumor of the kidney reported b
Bixler and his associates, 13 there were ninety-four cases of carcinom~
of the cortex and thirteen cases of Wilms' tumor. According to Weisel
Dockerty and Priestley,1' 20.4 per cent of all malignant tumors oceur.
ring in children are Wilms' tumors. Although this neoplasm is prob­
ably the commonest single variety of malignant tumor found in chil­
dren, it occasionally occurs in adults. In Weisel's series of forty-four
chiefly surgical cases none of the WiIms' tumors were bilateral, al­
though bilateral Wilms' tumors have been reported at necropsy. An
example of bilateral Wilms tumor encountered at necropsy is illus­
trated in Figure 512. In this case a large tumor appeared in the left
kidney and the photograph shows the tumor in the right kidney which
was removed at necropsy.

Grossly, Wilms' tumor is homogeneous, white or pink and enceph­
aloid. Areas of hemorrhage and necrosis occur. The tumor grows rap­
idly and may metastasize readily. Microscopically, the most charac­
teristic cell is a mesodermal fbroblast which may differentiate int o
renal tubules or glandular structures. The cellular tumor composed
of mesenchymal cells and glands is characteristic and closely resem­
bles the structure of the outer edges of the renal cortex in the human
fetus prior to the seventh month of gestation. In some Wilms tumors
there are striated muscle fibers and other mesodermal elements. These
latter elements are most easily seen microscopically when the WiIms'
tumor has been treated preoperatively with roentgen therapy. Under
such circumstances the roentgen rays destroy most of the essential
mesodermal cells of the tumor and leave a residuum of the other
better differentiated tissues. · ·
It is generally supposed that the Wilms' tumor does not have a be­

nign tumor in clase relationship to it such as the relationship which
the adenoma bears to hypernephroma, but there is a curious, small,
fibrous tumor occurring in the kidney which is a mixture of well dif­
ferentiated mesodennal elements. There is no evidence to suggest
that the fibroma of the cortex of the kidney is a slowly growing or
early Wilms' tumor but the presence of multiple tissues of mesodermal
origin indicates that the fibroma is distantly related to the Wilms'
tumor.
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Grossly, the fibroma of t/,e cort . .
1 1 I . . , rJx IN a tu,y wl ít J •w ien t 1e capsu e ol thc kidncy ' stri I ) J (; r:;/J(J/j (:ll(;()Uut.e;re;d

to the capsule but the greta ,,,"Vd. Part of the tumor adhcres
( F. "'ln) . ' •11 n:ma,ns in the t f L ·ney Fig. o18y. Microscopically, thist ", e corte ol thc kid­

adult type of collagenous fibra, ,{"" ""or is compocd chielly of the
. 1 b 1 . issue out it also cont . .rena tu u es, smooth muscle cells el' . . · wams occasional

d 1 1 · , a ,pose t,ssue an<l p h hmeso. e_rma. e ements, ali complete] differe ·:. e~ aps ot er
no chmcal 1mportance. y nt,ate<l. It ev,<lently has
Other benign tumors of the renal . h .

not common. Fibromas, often nl}"""Pyna oecur. Lipomas are
ecountered in the pyramids of he re{";"%,gr are oecasionally

a me u a. According toBell,i'

Fig. 513.-Capsular fibroma. Three fibromas are present but only one is clearly
illustrated.

these are probably not true neoplasms. They never exceed 1 cm. in
diameter and apparently never become rnalignant.
Hemangiomas of the kidney may produce hematuria assumed to be

"essential" because of normal urograrns. Cases have been reported by
Rives artd Pool15 and Rottino and Mohan.1" Bell has reported that
one such case occurred in 30,000 necropsies in his experience.
Sarcomas. of different varieties occur rarely in the kidney. A con­

venient reference is Rademaker17 who has reviewed the literature.
It is possible that an especial form of carcinoma of the kidney with

its origin in the tubules of the renal medulla may occur. Srnall alveo­
lar neoplasms which do not fit ordinary classiflcations of renal tumors
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occur rarely in the region of the hilus of the renal parenchyma. S;
the collecting tubules of the medulla have a different emi,""S
origin from the tabules of the cortes, it is probable that a di,1$"
tumor derived from the collecting tubules will eventually be dic ve
ered if it has not alreacly been described. 1scov­

RENAL PELVIS

Papillary transit ional cell carcinomas of the renal pelvis are em­
bryologically and morphologically related to tumors of the bladde
They may be warty, papillary tumors or they may be more sessile and
infiltrating. McDonald and Priestley18 have reported seventy-five cases

Fig. 514.-Papillary carcinoma of renal pelvis. Spread down the ureter is apparen.

in which they noted that the prognosis is influenced by the degree of
anaplasia of the tumor ancl by whether or not the renal vein is
involved. ·
It is known that papillary tumors of the urinary tract may spread

clown the ureter into the bladder and even into the urethra but the
process by which this spread takes place is not clearly understood.
McDonald suggests implantation, lymphatic spread and carcinogenic
irritation of the urinary epithelium as three possibilities. Melicow"
also suggests the possibility that a disease of uroepithelium vulnerable
to a carcinogenic agent may be a factor in the seeding of papillary
growths along the urinary traet. Figure 514 illustrates the appearance
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of shaggy papillary tumors of the renl . .
the ureter. It is essentil ¡u,,""Pal pelvis extending down into

a as urologists understa id thspreacl so that they will · , , .. · , . · ·. . is ,m ns type of
. • mvestigate the en tire unnar t- ·t 'f •¡

lary tumor is found in sorne port:ion f .1 It . _ I · ' y raeti a papu­
stand his priveiple of spre«d ir a,};;_"""0etiil to under­
to be suficiently radiet io iota ,,,3j"Y o he kidey are goig
C•1scs of C"1rci11(JII1.1 ol' t·l . 1· 1 ·. eerectomy with nephrectomy in
• · • • 1e renai pe vis.

URETEit

Primary tumors of the ureter have been reported recently by Barel K . 1 . "" K "t l ~ y ,unesan wvaemu,"" raus and McMahon." Recently, interest in endo­
metriosis involving the urinary tract has inereased. Recont r

O'C ¡ ' · • · ~ , ., e n re erences
are onor and Greenhill," Goodall," Kretschmer" and i'vlarshalP''

URINAIY BLADDER

Carcinomas of tl,e urinary bladder occur predominantly in elderly
men and are more common than carcinomas of the kidnev and ureter.
The p:ithologic picture of 1~apillary carcinoma of the urinary tract is
the same as that of the pelvis, ureter or bladder. Grossly, these lesions
are composed of tentacle-like masses of papillary tumor. In the blad­
der there seems to be no tendency toward retrograde spread of the
papillary growth and urethral implants do not seem to oceur but
multiple carcinomas of the bladder mucosa may occur and it is appar­
ent that secondary tumors may appear on the portian of the mucosa
which contacts the tumor when the bladder is collapsed--the "kissing
cancer." i'vlicroscopically, the tumor is composed of transitional epith­
elium which surrounds a thin central core of connective tissue con­
taining a capillary.
In the lowest grade papillary carcinoma the transitional epithelium

of the papillary projection closely resembles the transitional epithe­
lium of the bladder and may differ chiefly in that it seems more
robust and less easily desquamated by handling than the normal. In
the grade II papillary carcinoma, the epithelium is thicker and the
cells are more pleomorphic. The papillary character of the grade III
papillary carcinoma is Iess apparent and the pleomorphism and ir­
regular polarity of cells are more striking. This tumor is nearly always
infiltrating as well as papillary. In the grade IV carcinoma monster
nuclear forms are present and pleomorphism of cells is extreme. Sorne
remnant of the papillary character of the tumor may persist but this
is not a prominent feature of the tumor.The nucleoli are large and
stand out clearly in vesicular nuclei in the higher grade tumors. The
notorious complication of lower grade transitional cell carcinomas is
recurrence. Higher grade tumors metastasize readily; lower grades
less readily.
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Squamous cell carcinoma of the urinary tract differs from t .
tional cell carcinoma in that the former are keratinizing tun""­
for keratin pearls Ike the ordinary squamoas cell carcinon.'¿¡""
lip. Grossly, this tumor is usually a crater-like ulcer and is infla,"""
it metastasizes but <loes not appear to implant. The squamous cell mg,
cinoma of the urinary traet is supposed to arise from areas or 1.,
plakia or keratinizing metaplastic epithelium which in tum is kno:
to be associated with urolithiasis or other chronic inflammatory a'
ease. The actual association of squamous cell carcinoma with e
plakia in the mucous membranes of the mouth is well known, but the
association of squamous cell carcinoma of the bladder or renal pelvis
with leukoplakia in these regions is more difficult to demonstrate,
However, the assumption of their association is reasonable in view of
the microscopic morphologic picture of the two keratinizing lesions.

Among malignant tumors of the bladder, there occur unusual
tumors that do not ft readily into ordinary classifications. An exam­
ple of such a tumor is one of primary osteogenic sarcoma reported by
Tremblay, Crane and Harris,27 and another, apparently a carcinoma
associated with sarcoma arising from the pelvic bones, reported by
Shoemaker and Robertson." Colloid (mucoid or gelatinous) car­
cinomas may be primary in the urinary bladder, and, when they
occur, they are found in the dome. This location is signifcant because
colloid carcinomas occur in the urachus and it has been assumed that
colloicl carcinomas of the dome of the bladcler have their origin from
the site of attachment of the urachus.29

PROSTATE
Carcinoma of the prostate is a relatively common disease of the

elderly. Grossly, it is characteristically stony hard and yellow in color,
but actually it is rather diffcult to distinguish carcinoma of the pros­
tate grossly except in the more obvious cases and it has never been
possible to make a diagnosis from gross inspection of surgical material
with any clegree of certainty. Clinical impressions obtained by rectal
palpation of the gland seem to be more consistently accurate than im­
pressions gained by gross pathologic examination.

Microscopically, the diagnosis of carcinoma of the prostate is not
entirely easy because of a number of confusing factors. There may be
proliferation of the epithelium around the urethra and that lining the
prostatic ducts around the urethra which is actually benign but re­
quires some experience and care to distinguish from carcinoma. Dis­
tortion of prostatic acini by compression of contiguous cysts or by
inflammatory reactions must be interpreted with care. On the other
hand, the alterations in carcinoma produced by orchiectomy and sti l­
bestrol are not completely understood so that the pathologist must live
in sorne fear of missing, after such therapy, a carcinomatous growth
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which may have been obvious on a nrr:,iír .. ,x,, ,, - .. "- . •
tl t bl. 1 d 't . f l. L' ) -- v,.c,... \l.,"-L-,.. 1(,¡¡t- of1e es a 1s/1e CII ena or tue di;wno·<Í" u.[ , • - , · •· "
:.± ' »» a.z;a:.y r ±1n to

help in a questionable case; ncural in:ole:e:é ¡ ¡e, ·¿,, ¿d
the cells of prostat1c carcinoma ar1:: <cJ ~ri•,Jl 'r'. , ,, ,:- - --- ' 1• 4.+4i 4« I..: ,C...2.r; 11%1%ar
and nucleolar changes characterístíe; of msr,v ,·~-,.;-.+,, - , ' - ~

• • . '""" ;; lc,...,.,.·;.u..;;,, i1 '2.rl.1norna
do not appear m carcmoma of the pro,•·+,. p:•.,¡¡.. - .>ad . 4..a.. zyg. r,ytjg
malignaney commonly begins in the posteri.¿;:,

., -Ua ve..(!. \!J ~ ..., !"_,. ;..,r.ú ar1
the tissue removed by surgical operation is tke:. ±.. A ée
urethra, the pathologist might be unable to de:::strztu:ira in
a case in which the clinical diagnosis has bt-xn 65-t:J:.::.s::..'.?a b·.- -¡y,,.Jpa-
tion of the posterior portian of ilie gland. · - -

In spite of ali these <lifficulties iliere is a r~~r.ab--= l."f.,7Jt:~t:on be­
tween pathologic diagnosis, clínica! impressions 2.nc'. fol..c,7;-. ·;p observa­
tions. Microscopically, the average carcinoma ci tll.e ::.ri:r.,"t2~e i.; char­
acterized by small glands line<l wiili small cub.cr:¿, ~lJ.s i::J ·.s·hlch the
nuclei have lost their polarity. This is a mcst or=--..z::t di,,"ti!lction
because in the normal or hyperplastic pro.rtüe, -t:!e C:élli are tal]
columnar and the nuclei are arranged regularly sc;=.g t:::ce basernent
membrane with their long axes perpendicular to i::. T.::.e C"~c:::i=atous
glands inflltrate ilie smoofu muscle an<l fibrous strc:::ia oÍ óe :;irostüe
in such a way that fue slroma is crowded and fr'-- e::... fost cases of
carcinoma of the prostate are grade<l II. Some arel:grade; the
glands in grade I carcinomas are larger but there i3 no :re2.l clifficulty
in distinguishing fuese from ilie normal b=use of hype~chromatism
of the carcinomatous glands. The more anap1astic carc:n=as are not
difficult to diagnose because of diffuse inltrztc by smalt poorly
formed glands and more evident pleomorphism of :::uclei.

smrnL-IBY
The gross and microscopic picture of the benign and malignant

tumors of the kidney, renal pelvis, urina:ry bladder, and prostate gland
have been discussed. Sorne theoretic considerations conceming ilie
origin of these tumors and the possible relationships between certain
of the benign and malignant tumors have been reviewed. References
are given to sorne of the less common lesions that rnvo1ve these organs.
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THE MANAGEMENT OF BLADDER NECK OBSTRUCTION

w. E. KrrTREDGE, M D FA e s o M
' . . , • • . . AND OTITIMETI SILVEY, M.D.t

T1mnE are many entities which although d'ff .· · th ·
ologis apearanee, occlude he vésical eci, 4,$" eir math­
tomas ad eventaily cause ideneal iangeéal.]3_",m. Th · · a .a er an upperurinary tract. . e principal causes of bladder neck obstruction in
adults are benign prostatic hypertrophy, carcinoma of the prostate,
contracture of the vesical neck or median bar and acute prostatitis I

1 'id l d S a IS, n
ch!"re"?e conditio, "$ ,produced by congenital valves of he pos-
terior ure ara, congenital 1ypertrophy of the verumontanum and con­
genital contracture of the vesical neck. In addition to the management
of bladder neck obsh·uchon due to these conditions the newer concept
of the treatment of the neurogemc bladder in both sexes, basecl on
obstruction, will be discussed.

ETIOLOGY

Benign hyperplasia of the prostate is seen most frequently between
the ages of 55 ancl 70. Various theories have been aclvanced to explain
its etiology. The arteriosclerotic theory of the French was popular for
many years. It was accepted because hyperplasia and arteriosclerosis
occurred in patients of the same age group, but pathologically and
clinically this theory was eventually disproved. Not all patients with
prostatic hyperplasia have arteriosclerosis and vice versa. For a while
the inflammatory theory was accepted but here again it was later
provecl that inflammation, whether specific or nonspecific, played no
role. The neoplastic theory is still disputed. Sorne contend that the
hyperplasia represents a true new growth and others that it is pure
hyperplasia. It is thought to stem from submucosal glands found be­
neath the mucosa of the posterior urethra and trigone. The endocrine
theory has been advanced more recently and for some years many
urologists have attempted to treat hyperplasia of the prostate with
the male sex hormone and later the female sex hormone.
Carcinoma of the prostate is seen in about20 per cent of ali cases

of prostatism.1 It most frequently originates in the posterior lobe and
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occurs usually after the age of 40 but rnost often between the
60 ad 70. ges of
Contracture of the vesical neck occurs at any age-congenitall .

children and between the ages of 25 and 60 in adulis. It is due,"
to muscular hypertrophy of the internal urethral sphineter (wij""
comparable to congenital pylorostenosis) or to fbrosis of the
neck. Urethral valves are congenital but an adequate explanatua, ¡,,
not been given for this embryonic defect. as

The etiology of the neurogenic bladder is varied. Trauma to th
central nervous system, syphilis, acute inflarnmatory diseases of th e
spinal cord, tumors of the spinal cord, spinal anesthesia and spi4
biflda are relatively frequent causes. Most urologists now agree that
in the female there are glands situated in the posterior urethra mor­
phologically similar to the prostate.2 Such glands infrequently cause
true bladder neck obstruction.

PATHOLOGY

The pathologic appearance of benign prostatic hyperplasia or hyper­
trophy varies with the size and type of gland. One lobe rnay be larger
than another although the enlargement is usually uniform. There are
seven possible lobes which may enlarge singly or in combination. How­
ever, the three most frequently encountered hypertrophied lobes are
the two laterals and the median. Found hypertrophied less often are
the Albarran, the anterior and the subtrigonal lobes. The cut surface
of the hypertrophied prostate is light in color. Each lobe consists of
smaller lobules bound together by fibrous tissue. Within tlle lobule
there are smaller ones called spheroids. The hypertrophic or hyper­
plastie tissue compresses the original prostate laterally to form the
surgical capsule of the hypertrophied prostate.
Most prostatic malignancies are adenocarcinomatous. The growth

is usually limited by Denonvillier's fascia but it does frequently in­
vade the seminal vesicles. Its origin is usually in the posterior lobe
and from there it invades the other lobes or spreads to the urethra,
bladder or rectum, the urethra being the most frequent site of inva­
sion. The most common regions of metastasis are the lumbar spine,
pelvic bones and deep pelvic lymph nodes. Nerve trunks are sorne­
times involved and more rarely distant bone or visceral metastases
are observed.

Median bar and contracture of the vesical neck are usually the re­
sult of chronic inflammation at the bladder neck or in tlle prostate.
Toe bar, composed of fibrous tissue, stretches across the floor of the
interna! urethral orífice and is covered by the epithelial lining of the
bladder. Contracture may be associated with median bar formation
and there is usually also shortening of the posterior urethra.
The same type of contracture as that encountered in adults is seen
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congenitall~ in children. Posterior urethral valves of congenital origin
appear as redundanc1es or folds of mucosa an<l a ith tt h d· , re e1 er a ac cr' to
the verumontanum or are anterior or posterior to it. O · 11 ·'Id. h · . . .· . · 1 . 'ccas1ona, 'y, mchil lren the interureteric ridge may become hypertrophied and ro­
duce obstruction. p! D
Acute prostatitis, whether _gonorrheal or nonspecific in origin, pro­

duces obstruction from a uniform swelling of the entire gland; occa­
sionally, a true abscess cavity may develop within such a gland.
In all types of bladder neck obstruction the pathologic changes in

the bladder itself and m the upper urinary tract are familiar. There is
frst hypertrophy of the detrusor muscle of the bladder with thicken­
ing of the wall. The wall of the bladder becomes trabeculated as it
atternpts to cornpensate for the increasing obstruction at its outlet.
Srnall, herniated areas called cellules develop between the hyper­
trophied muscle bundles. These cellules may develop into diverticula.
Later, when there is residual urine, the constant intravesical pressure
may becorne so great that the bladder dilates and loses its tone, thus
becoming decompensated, thin-walled and atonic.
As mine accurnulates, infection frequently occurs and stones rnay

form. As the intravesical pressure increases from greater retention of
urine, back pressure is transrnitted up the ureters to the kidneys due
to destruction of the physiologic valve normally in operation at the
ureterovesical junction. A reflux of urine up the ureters from the blad­
der may also occur. In time, the renal pelves and infundibula become
dilated and the callees clubbed. Later, the renal cortex becomes com­
pressed and thinned out with resulting loss of renal function; there
may be an accornpanying pyelonephritis. Pyonephrosis is the ultimate
stage of this process.

SYMPTOMATOLOGY
The symptoms of obstruction at the neck of the bladder vary with

the type, duration and degree of obstruction. The onset isfrequently
insidious. The frst symptom is usually frequency. The patient at first
pays little attention to frequency during the day but as he begins to
get up at night to void, his attention is immediately focused on the
genitourinary trat. Later, there may develop dificulty in urination
with hesitancy in starting, reduced stream, starting and stopping and
terminal dribbling. Acute retention of urine may finally appear, ofte_n
precipitated by weakness resulting from some other illness. Hematuria
may appear as gross hemorrhage with clots rapidly Rlling the bladder
or merely as a few drops of blood termmally. .
If retention of urine is of long standing, the patient often complains

of weakness, lassitude, backache, pain in the legs and loss of appetite.
IÉ real faifore occurs th htgh ood concentrafion,gf "",,g"""",

· ¡ · ptoms supervene encmng u ma e Yenous products, typical uremc symy i
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in death. If the urine is infected, chills and fever, dysuria, renal .
and other typical symptoms of acute pyelonephritis may develop. pam
Carcinoma of the prostate is essentially a silent disease until symp­

toms of obstruction or metastasis occur. Bone metastases or pres
on nerve trunks due to metastasis will cause backache, pain in 4,,""
and, frequently, typical sciatica, which is undiagnosed untl de z°
tate is considered. In the late stages rectal symptoms are sometime
predominant. Gross hematuria is infrequent. Anemi a, weakness 4,
cachexia constitute the end picture as in all other malignancies.
Children with congenital obstruction are often brought in for ex­

amination because of a distended abdomen or because of straining to
void with dribbling and crying from the effort required. The clinical
picture may unfortunately be vague at first and consist merely of
intermittent pyelonephritis with gradually developing cachexia and no
obvious evidence of bladder neck obstruction until late. This fact em­
phasizes the necessity for a complete urologic study on any child with
a urinary infection or frequency.

The neurogenic bladder presents a variety of symptoms. There may
be complete retention, frequency and pseudo-incontinence with con­
siderable residual urine, or a true and complete incontinence; similar
rectal symptoms are usually also present. The history and physical ex­
amination will indicate the underlying etiology.

DIAGNOSIS

A careful history and complete physical examination are .essential
lo make the diagnosis of bladder neck obstruction. This should in­
dude a study of the cardiovascular, respiratory and gastrointestinal
systems since it is important to evaluate the patient's general health
accurately before any instrumentation is planned.

The second of a two glass voided specimen of urine in the male or
a catheterized specimen in the female is examined for albumin, sugar,
red blood cells, casts and finally for infection by means of a stained
slide of the centrifuged sediment. Urine cultures are done when indi­
cated. The prostate is then palpated. In benign hypertrophy there is
a definite palpable enlargement, usually smooth and symmetrical, and
rubbery in consistency. The degree of hypertrophy noted on rectal
palpation, however, is not necessarily a true indication of the amount
of obstruction present within the urethra because of the possible varia­
tions in the lobes not palpable rectally. In the presence of vesical con­
tracture or median bar formation the prostate is small and fbrous on
palpation. The carcinomatous gland is stony hard, irregular and fxed
on palpation and the malignancy may have extended on to the sem­
inal vesicles and laterally beyond the confines of the prostatic capsule.
In early cases palpation may revea! only a single, firm nodule, sur-
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rounded by normal prostate At ti · f · ·. ' · he time o rectal examination the
prostate is massaged, the vesicles stripped and the expressed secretion
examined for pus m the wet fresh specimen.
Following this a phenolsulfonphthalein renal function test is done.

One cubic centimeter of the dye is injected intravenously and a single
specimen of urine colleeted by having the patient void at the end of
one hour and ten minutes. A reading of 50 per cent or more for this
specimen indicates satisfactory renal function with at least complete
renal compensation and also demonstrates that the patient has emptied
the bladder adequately. If the phenolsulfonphthalein excretion is Iess
than 50 per cent, this indicates either impaired renal function or resid­
ual urine in the bladder. A No. 18 F. coudé catheter is gently intro­
duced under aseptic conditions and the bladder emptied. The residual
urine is measured and then tested for phenolsulfonphthalein excretion
and the total renal function for seventy minutes obtained.
The prostate and bladder are then examined through the cystoscope

in borderline cases in which the physical findings have not been thus
far a<lequate to explain the symptoms. From this examination informa­
tion is obtained regarding the type and size of the intravesical ob­
struction. The presence of bladder stones; tumors or diverticula can
also be determined. The examination is done under local anesthesia
( 4 per cent metycaine) with a No. 20 F. McCarthy panendoscope and
there is relatively little urethral reaction from it. In the female ob­
structive granular tissue at the bladder neck can be seen and, if there
is a neurogenic bladder, the presence of bladder neck obstruction can
be determined. In children the McCarthy miniature cystoscope is
used. The child is hospitalized and cystoscopy is performed under
general anesthesia. Whatever treatment is necessary is carried out at
the same time with the same instrument.
Routine roentgenograms are then made in ali cases. In men with

definite prostatic obstruction a roentgenogram of the kidneys, ureters
and bladder and cystograms are obtained. The roentgenogram of the
kidneys, ureters and bladder will indicate the presence or absence of
stones in the bladder or kidney, metastases to bones in cases of car­
cinoma, or prostatic calculi. The cystograms indicate the presence of
vesical diverticula and furnish information _as to whether or .not a
diverticulum empties adequately. Large infected diverticula which do
not empty spontaneously should be removed surgically prior to pros­
tatic operation. Otherwise, the clinical result from the prostatic opera­
tion alone will be inadequate and the postoperative course of the
atient stormy. Preoperative cystoscopy need not be performed in

¡j,ose cases with advanced and obvious prostatic enlargement; thus, a
possibly serious instrumental reaction which nught comphcate. th~
0 eration later may be avoided. Excretory urograms are also obtaine¡: all patients with a history of hematuria or stones or anything else
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pointing to possible disease in the upper urinary tract. In ·hild
excretory urography is employed routiíely and has the 4da{"""
of furishing an entirely satisfactory renál function test i i$,
too young to cooperate for the phenolsulfonphthalein test. n

TREATMENT
The treatment of bladder neck obstruction is surgical. The ind¡. ,

tions for surgical intervention vary widely in individual cases. "";
.. be ·full 1did od > acnpatient must e care. u y stu lie over a peno of time before th

decision in favor of operative intervention is made. e
In cases in which there is no urinary retention or only a small

amount of residual urine ( up to 100 ce.), conservatism is indicated.
If the obstruction is benign, repeated prostatic massage to eliminate
any infection present as well as to empty the gland may be of con­
siderable symptomatic benefit. The patient is instructed to avoid ex­
cessive temperature changes, too much physical exercise and long
rides. The bowels should be kept regulated and alcohol and highly
seasoned food should be excluded from the diet. Urinary antiseptics
should be used if urinary infection is present. Renal function should
be periodically checked and the amount of residual urine periodically
determined. Any significant change will usually inclicate the necessity
for surgical intervention.
Prostatic operation is ordinarily not indicatecl in cases with good

renal function and no appreciable residual urine. One exception to
this, however, occurs in those patients who have an extremely hyper­
trophied bladder wall with resulting recluction of capacity and blad­
der irritability producing marked frequency. Surgical intervention is
indicated in such cases from a purely symptomatic standpoint regard­
less of the presence or absence of residual urine.
There are three methods of approach for prostatic operations: the

transurethral, suprapubic and perineal routes. The most popular
method today is transurethral prostatic resection. It is an exacting
operation, most difficult to master ancl attended by dangerous conse­
quences when improperly done. However, it offers the patient with
benign obstruction a satisfactory clinical result, obtained with less
shock and morbidity and a lower mortality rate than any other method.
Those who routinely employ this method consider it the operation of
choice in all cases of benign obstruction except those presenting ex­
ceptionally extensive benign hypertrophy, in which suprapubic enuclea­
tion can be more easily and quickly performed. Suprapubic enucleation
is practicable only in cases of benign hypertrophy of the prostate, as
a good line of cleavage between the prostatic hyperplasia and the
compressed surgical capsule is essential. Radical perineal prostat­
ectomy offers the possibility of cure in a few carefully selected cases
of prostatic carcinoma and is usually employed for this purpose.
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Preoperative Treatment.-Patients retaining large amounts of urine
are provided with indwelling catheter drainage upo b · h · 1
red. There is no danger, as was foreriyía;N" 2""g 0%p"a"dl ·h f ,mn rawmg o1 rap­
1 y w atever amount o residual urine is present. A No. 18 F. coudé
or Fo!ey ca~teter~s used.hFluids are maintained at 3000 cc. daily and
are gven ether y moutl or by infusion of a solution of 5 per cent
glucose in saline if necessary. An accurate record of the intake and
output of fluid is kept. A complete blood count is obtained and whole
blood given if indicated. Determinations of the blood nonprotein nitro­
gen, sugar, ca:bon di?xide and creatinine are obtained and the phenol­
sulfo_nphthalem test is repeated if necessary. The cardiovascular sys­
tem is carefully examined and any other positive fndings in the history
or physical examination properly studied. Should the renal function
as well as all other of the above factors be satisfactory, the operation
is performed. If renal function is poor, operation is postponed until
the patient's condition is more favorable. The restoration of normal
renal function, or at least stabilization of function in these latter cases
by continuous catheter drainage and adequate fluid intake, is one of
the most important factors in the success or failure of prostatic opera­
tions. It is far more important than age, a past history of severe heart
disease or diabetes or any other consideration. It is the chief factor
enabling urologists to operate successfully, in the presence of urine
and infection, on patients in an extremely elderly age group. After
prolonged catheter drainage in these cases with advanced renal dam­
age, it matters little at what leve! of function the kidneys stabilize.
The nonprotein nitrogen may remain constantly at seemingly prohibi­
tive levels and yet, if properly stabilized, the patient will stand opera­
tion well.
If there is evidence of acute urinary tract infection as manifested

by fever, tenderness in the kidney regions and pyuria, the patient is
given a urinary antiseptic, preferably small doses of sulfathiazole or
sulfadiazine, 0.5 gm., four times a day, with a teaspoonful of sodium
bicarbonate. lf renal function is poor, mandelic acid, 2 to 4 teaspoon­
fuls four times daily, may be substituted to avoid possible renal reac­
tions from sulfonamides in already damaged kidneys.

· Suprapubic cystotomy is occasionally necessary as an emergency
procedure in cases of acute retention with either an 1mpassab_le pros­
tatic obstruction or urethral obstruction. It is also necessary in those
patients requiring prolonged drainage prior to prostatic operation if
they cannot tolerate a urethral catheter because of mfect10n or irrita­

"",e fundamental principies that appy to aduls wih bladder
. neck obstruction apply to children and preparation for operation is
identical. . h, ih th t t 'e­Neurogenic Bladder.Recent experience 1as s own a ansur
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thral resection of the bladder neck in cases of neurogenic bladder wit]
partial or complete retention of urine is beneficial in almost ev
case. This is true regardless of the age or sex of the patient a4"?
gardless of whether or not there is any preexisting obstructive tiss
the bladder neck. The etiology of the neurogenic bladder and ¡
duration are likewise unimportant. The improvement is most proba1í
due to removal of the interna! sphincter by resection and to the over­
all enlargement of the urethrovesical junction.

Surgical Treatment.-Transurethral Prostatic Resection.-Trans­
urethral resection is most frequently done with the Stern-McCarthy

Fig. 515.-Specimen removed by subtotal transurethral prostatic resection.

electrotome and any thoroughly dependable electrosurgical unit. A
subtotal prostatectomy is accomplished, during which ali prostatic tis­
sue down to the surgical capsule is removed ( Figs. 515, 516, 517).
Toe anesthetic of choice far this procedure is a low spinal. Befare
resection is begun, bilateral vasoligation is performed to prevent post­
operative epididymitis, which would otherwise occur in from 5 to 7
per cent of cases and prove of considerable annoyance during the
postoperative period, possibly resulting in loss of the testis. The blad­
der is then carefully exarnined with the observation and retrograde
lenses. Tumors or nonopaque stones can thus be identifed if present,
and removed. All prostatic tissue possible is removed out to the
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Fig. 516.-Diagrammatic sketch showing first stages of prostatic resection.
(After Lorraine, in Dodson, A. I.: Urological Surgery, St. Louis, C. V. Mosby Co. ,
1944, pp. 713-719.)

Fig. 517.-Diagrammatic sketch showing completed prostatic resection. (Also after
Lorraine.)
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verumontanum. To obtain a good result it is necessary not onl t
give the pati ent a channel through which to void but to re ,
the tissue possible. This prevent s recurrence of obstructing tiss ª
minimizes infection in the remaining tissue and enables the patient:•
empty the bladder completely. Following resection of the tissue a~
bleeding points are carefully coagulated and the urethra carefull
checked with the Vest and retrograde lenses to be sure that no 0J;.
structing tissue remains. A No. 26 F. Foley catheter is then introduced
and the bag inflated to 30 cc. The catheter is irrigated until the return
fluid is clear. If this is impossible, the instrument is reintroduced and
further coagulation of bleeding points carried out.
In children with bladder neck contracture or posterior urethral

valves the McCarthy miniature operating cystoscope is used with a
special small loop powered by the usual high frequency unit.

Suprapubic Cystotomy.-This operation is usually done under low
spinal anesthesia or occasionally gas when indicated because of car­
diovascular changes. After the usual surgical preparation, an incision
about 10 cm. in length is made in the midline one to two finger­
breadths above the symphysis pubis. The incision is carried through
the skin and fascia clown to the rectus sheath. This is incised in the
midline and the fibers of the rectus muscle separated. The bladder is
then distended with air by means of an insuffiator. The peritoneum is
reflected from the anterior surface of the bladder with a gauze sponge.
The bladder is grasped on each side and an incision made through
the wall. The bladder will usually contain a slight amount of urine
which should be aspirated by suction.

At this stage the technic varíes depending on whether a one- or
two-stage prostatectomy is contemplated. The two-stage procedure
has the advantage of dividing the operative shock and shortening the
operating time for ea.ch procedure. It also prepares the prostatic bed
for later infection, thereby lessening the systemic reaction after re­
moval of the prostate. However, those patients who are relatively
young and in good general health can withstand a one-stage procedure
verv well.
If the operation is to be done in two stages, a finger is inserted iuto

the bladder and the bladder explored. Any stones present are removed.
After exploration a No. 30 Pezzer catheter is inserted into the blad­
der and the bladder closed with two layers of interrupted chromi c
No. I catgut sutures. The bladder is then fxed bv a chromie suture to
the rectus sheath and the rectus sheath closed with interrupted chromic
o. l catgut. The prevesical space is drained with a Penrose drain.
the extemal fascia closed with chromie No. l continuous sutures and
the skin cosed with demmal and silkworm sutures.
The second-stage enueleation of the prostate is carried out when­

ever the patient is considered ready. Thi s may vary from a week to



Fig. 518.-Prostatic enucleation, showing roof of urethra being broken.
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Fig. 5_19.-Prostatic enucleation showing lobes being enucleated.
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many months after the cystotomy, depending on the amount of post
operative reaction to the frst operation and the general health of +4
patient. If necessary, the second stage can be abandoned and tl ,
suprapubic catheter left in place permanently. e
Prostatic Enucleation.Two fingers of one hand are inserted it

the rectum and the prostate pushed anteriorly. The other hand is ¡,
troduced as far into the bladder as possible from above through the
same exposure as for cystotomy and the index finger introduced into
the posterior urethra. The roof of the prostatic urethra is broken
through frst ( Fig. 518). A line of cleavage is then found between
the hyperplasia and the compressed surgical capsule and by a sweep­
ing motion of the finger both lateral lobes are easily enucleated
( Fig. 519). If the large middle lobe is hypertrophic, it is enucleated
at the junction of the lobe with the trigone. After enucleation the
prostatic bed should be examined for any tissue left behind. Bleed­
ing is then controlled by inserting a Pilcher bag into the prostatic
cavity with its catheter end pulled out through the urethra and apply­
ing traction to this. After the bag has been inflated, the urethral por­
tion is tied to a Hunt-Hamer wire cage. A Freyer tube is placed in
the suprapubic opening and the wound closed as previously described.
Tension on the bag must be released in six to eight hours when ade­
quate hemostasis will have been obtained. If this is not done, damage
to the sphincter may result. The Pilcher bag is usually removed in
from twenty-four to forty-eight hours and replaced by a Pezzer
catheter.
The postoperative care of patients who have had either trans­

urethral or suprapubic prostatectomy is the same. In those patients
who have lost a considerable amount of blood, blood transfusions
are given. In the frst twenty-four hours fluids are administered
parenterally in the amount of 2000 to 3000 ce. The average patient is
able to take adequate fluids by mouth after this and in forty-eight
hours is usually on a full diet.

The immediate postoperative attention to catheter drainage of the
patient subjected to a transurethral operation is of utmost importance.
For the frst twenty-four hours the catheter is irrigated regularly to
assure normal continuous drainage and to remove any clots formed
in the bladder. This enables the bladder to remain empty and at rest
and also prevents obstruction of the catheter by clots.
The catheter is usually removed in from four to six days post­

operatively when the urine is clear and the patient afebrile. IÉ the
patient continues to have fever, the catheter is left in severa! days
longer. Fever, when present, is usually due to pyelonephritis and can
be controlled by the oral administration of a good urinary antiseptic.
The patient is allowed up the day the catheter is removed and

may leave the hospital in from seven to ten days. Patients who live



COMMENT

The treatrnent of carcinoma of the prostate is unsatisfactory not­
\vithstanding recent discoveries in the field of hormonal therapy and
despite the fact that a few early cases lend themselves to radical
perineal removal. Aside from these few cases, the disease is ad­
mittedly incurable when first seen and ali treatment is palliative.
Prostatic resection is performed when obstruction occurs in arder

to provide normal urination but without hope of removing the entire
malignancy. Hormonal therapy as represented by the administration
of stilbestrol or orchidectomy, or both, is widely used by every urolo­
gist. However, it is as yet unsettled as to how and when these meas­
ures may best be employed for the good of the patient. Consequently,
there is great variation in clinical practice in this respect and no smgle
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program of treatment has as yet been proved best. Fortunately th·
question should.definitely be settled in the next few years. Is

CONCLUSIONS

The management of bladder neck obstruction is a phase of urologic
treatment in which tremendous strides have been made during the
past twenty years. Patients whose d1sease was once considered in­
operable because of advanced age or debility are now operated upon
with relative safety. If the underlying physiologic and pathologie
changes in the upper urmary tract m cases of bladder neck obstruction
are properly cared for, the low morbidity and excellent operative re­
sults are gratifying regardless of the type of operation employed.
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ADDITIONAL ARTICLE

RADIOSURGERY FOREIGN BODIES IN
REMOVED U! THE NECKNDER FLUOROSCOPIC CONTROL

CARLOS SANTos, M.D.°

THE removal of foreign bodies under direct fu ,, .
often discredited and considered a diffelt d /oroscoprc control rs
1ve sea eti«á so«e to»i na#..222723, metoa,

P to no b t 2000 f . e m removmg,
u) "w, a ou toreign bodies without the slightest dama e
to the pahents, my assistants or myse!f. g
In previopg%"don'J laveiitentea he tectete 1 ose, some

new ms rumen s ave tesigned, indications of the meth d dforth. ' 0., an so
It is generallybelieved that only foreign bodies situated in the soft

parts of anatomically unimportant, nondangerous regions can be re­
moved _under the direct control of x-rays. I carne to quite different
conclusrons. In arder to make the possibilities of radiosurgery more
widely known, I am presenting here two cases of foreign bodies situ­
ated in dangerous regions of the neck, in which I was able to effect
removal under the direct control of the screen, without damage to
the patients. I am of the opinion that successful removal could hardly
have been accomplished by any other known method.

CASE I (Figs. 520, 521 and 522).--A young man, 22 years of age, was referred
to me by Dr. Alvaro Gamboa, of Alpedrinha. Three days earlier he had been shot
in the thorax with a revolver fred at almost point-blank range. At the time he did
not suffermuch, and he had been able to walk about three miles.

When I examined him, he felt slight pain on pressure in the front wall of the
thorax, at a point about 8 cm. above the right nipple. He complained, too, of dull
pain in the cervical region and mild discomfort. in swallowing. He had a simple
protective dressing over the orifice where the projectile had entered. This orifce
was on the right side of the anterior wall of the thorax, three fingerbreadths above
and three fingerbreadi:hs to the right of the nipple.

Fluoroscopic and radiographic examination of the thorax revealed no abnor­
mality. Roentgenograms of the cervical region showed no damage in the bones but
did revea! a revolver bullet, which had not lost its shape, lodged vertically point
upwards, to the right of the body of the seventh cervical vertebra, slightly in front
of the respective transverse process. . .

The bullet must have passed in front of the ribs, grazing them, then under the
clavicle, whence it must have erossed the base of the neck to the position it was
occupying.

0 Aggregate Professor of Radiology, University of Lisbon, Portugal.
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Fig. 520 ( Case I).--Front view. A bullet can be seen projected on the right trans­
verse process of the 7th cervical vertebra.

Fig. 521 ( Case I).-Side view. The bullet is seen to be situated just in front of the
7th transverse process.

Indications for Operation.The position of the bullet near the cord
of the cervical sympáthetic, near the stellate ganglion and also in
proximity both to the roots of the brachial plexus and to the vertebral
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Fig. 522 ( Case I).--After the intervention. The bullet, now removed, is resting on
the cassette.

lntervention.-l operated in my own consulting room, the operation
being effected in two stages, but in a single sitting, -
Novocaine (0.5 per cent) with adrenalin was applied as a local

anesthetic to the superficial tissues. The first stage of the intervention
was carried out in the usual manner by my colleague Passos Angelo.
A 3cm. incision was made at the base of the neck, in front of the an­
terior border of the trapezius muscle and dissection was carried out
through successive layers passing behind the carotid artery, jugular
vein and pneumogastric nerve to the muscular !ayer on the posterior
surface of the supraclavicular fossa. The rest of the operation was per­
formed by myself in the clark, by racliosurgical methocls.
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The special circumstances of the case prevented my following h
intervention on the screen by means of the so-called perpendicul e
ray, as usual. I had to feel my way inwards in a direction parajij
to the screen, which renders depth orientation infinitely more difRoult

After probing with other mstruments, I employed my own curved
forceps. I produced, purposely, onl y partial anesthesia of the deeper
regions in arder that I might be able to guide myself by the patient's
reactions. Indeed, as I gradually penetrated deeper, the patient occa­
sionally complained of a pain radiating in the direction of his arm.
This most often coincided with my receiving, transmitted from the
point of the instrument, a sensation that I was touching the roots of
the plexus. I had to feel my way to the bullet by means of slow and
smooth perforating movements, little by little, under fluoroscopic
guidance, while endeavoring to pass through parts which did not offer
resistance and in which my movements caused the patient merely
local pain and not the pain radiating towards his arm. As the anes­
thesia cannot be perfeet with such a technic, it is absolutely necessary
to keep the patient in good spirits by a flow of kind remarks so that
he will be quiet in spite of the pain he always feels. I carefully
watched the patient' s general condition, and also his pupils.
Finally I succeeded in reaching the bullet and seized it transversely.

Next, I proceeded gradually to extract it, by means of gentle zigzag
movements, guiding myself by fluoroscopy and by feeling, so as to
free it by degrees from the structures which impeded its way to the
surface.
The operation occupied in all about two and a half hours. The time

taken by the radioscopic intervention amounted to between half and
three quarters of an hour. (Repeating what was already said in my
previous works, I must insist upon the fact that such long radioscopic
exposures are only possible without danger of dermatiti s when a very
small radioscopic feld is used-in this case, for instance, never larger
than one square inch. )

No hemorrhage occurred, the wound being perfectly dry when the
intervention ended.

The wound was cleansed with ether. At the lower extremity of the
irÍcision, which was closed by two horse-hair stitches, a small horse­
hair drain was placed.

After-effects.-At the conclusion of the intervention the patient was somewhat
shocked, his pulse being rather weak. His pupils were equal and normal in size,
and their reactions to light were also normal. There was no abnormality in his cir­
culation or in the sensibility or motor power of his arm.

I gave the patient a cup of coffee. He was able to get up and to walk unaided.
I gave him a local application lasting thirty minutes of red and infra-red rays,
with the Sollux-lamp ( as I always do in such cases). He remained lying down for
another half hour, after which I saw him again. His pulse had recovered. He went
home without requiring assistance.
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I saw him on the following <lay. He had had a goocl night. He had practically

no pain and was able to move his neck a little more freely. The wouncl was in a
good condition. I removed the drain, which brought away a little slightly hemor­
rhagic serum. The patient was once more given thirty minutes under the Sollux­
lamp.

The next <lay, when I saw him again, he was feeling better, the pain having
further lessened and movements having become still more easy. I removed the
stitches. Where the lower stitch had been, there was a tiny opening of about 1
mm. in size, whence a drop of blood oozecl. I applied iodized alcohol and an
aseptic dressing. The patient left the same day for his village in the country--that
is to say, just two days after the operation.

Later I learned that this patient made a quick and perfect recovery, no com­
plications having developed.

CASE II ( See Figs. 523 to 526).--A policeman had been shot with a revolver
six days before I saw him for the first time. I was informed that after the acci­
dent he had walked about two miles.

) F
. t. .. . A bullet is seen projected on the right maxillary

Fig. 523 ( Case II .- ron vew.
sinus of the patient .

f rts of the right side of the face. The
I found a painful swelling of ltheJº \pa d) was situated about 1 cm. above

entrance wound of the bullet ( ~ rea Y e osehematoma of the soft palate on the
the right angle of the mouth. T here was a
right side and trismus was present. ,, the occipitofrontal angle, one exactly

Roentgenograms of the head. ge """!a for the separate projection of the
in profile and one in the usual obhque p TI films show severa! fracture !mes _m
right side of he lower jw, we"%J"";"" ie riglt lowver iav, without dis­
the ascending ramus and coronm pr¡c olver bullet with a slight deformatiok
placement of he different fragmens,"!jars of the night side of the neck
is to be seen. lt can be locahze<l m ,e SO)
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Fig. 524 ( Case II).-Side view. It is apparent that the bullet is situated in
the soft parts of the neck, between the pharynx and the neurovascular sheath, at
the level of the lst cervical vertebra.

Fig. 525 (Case II).-Oblique view. Several fracture lines can be detected in the
lower jaw.
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about 3 em. to the inner side o the posterior border of the ascending ramus of
the lower jaw at the level of the body of the first cervical vertebra. I estimated
that the bullet in this location must be situated between the pharynx and the
neurovascular sheath, uncler the arteria maxillaris intema, in the region of the
pterygoid venous plexus, in near relationship to the inferior dental and the lingual
nerves.

Fig. 526 (Case II).-Side view after the intervention. A clip placed at the wound
on the skin projected between teeth 3 ancl 4 of the upper jaw.

The patient brought with him some roentgenograms taken three clays earlier
in which the foreign body could be seen in contact with the lower surface of the
inferior wall of the skull, i.e., about 3 cm. above the situation it had now.

Indications for Operation.-Although the bullet was supposed to be
somewhat free in the tissues of the neck (otherwise it would not have
moved down since the firstflm) it did not move about during palpa­
tion. As in the first case, it was reasonable to expect that later forma­
tion of the usual granuloma would interfere with sorne of the local
nerves, making operation far more difficult. Immediate intervention
was indicated if the foreign body could be removed without great
danger or great trauma. I thought that this was possible.

Surgical Approach.The shortest route, from the side of the neck,
was dangerous because of the proximity of the parotid gland, the
facial nerve and the neurovascular sheath. Examining the patient
under the screen, I saw the possibility of taking another route which, al­
though much longer, was free from danger. With the patient under
the screen, his head in an oblique position (R.A.O.), I could see the
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foreign body projecting between the upper and the lower jaw. In this
position the only anatomical features which I would have to avoid
were Stenon s duct and the inferior dent al and the lingual nerves:
in the neighborhood of the foreign body no violent movements would
be permissible, lest contact be made with the pterygoid venous plexus.
I would have to be careful not to move the forceps towards the ex­
ternal side of the foreign body, in order to avoid contact with the
neurovascular sheath; to the inner side, in order to avoid damaging
the wall of the pharynx; or to the posterior side, in order to avoid
contact with the last cranial nerves. It seemed to me these pitfalls
could be avoided.
Intervention.The operation was performed in my consulting room

the day after my frst observation. I anesthetized the soft parts of the
face with novocaine ( 0.5 per cent) and adrenalin. I next inserted a
needle from the outer aspect of the face pointing backwards and in­
wards, until the patient indicated a pain in the teeth, in order to
determine the position of the inferior dental nerve. Then I placed the
head of the patient in a position that would permit me to move in a
straight line from the skin to the foreign body without touching this
nerve, but just passing it by. After anesthetizing (not very completely )
the deeper parts, I made a horizontal incision of 12 mm. through the
skin about 3 cm. above and lateral to the angle of the mouth. The
incision was made only in the epidermis and dermis, in order to by­
pass Stenon' s duet with certainty.
I next inserted through the wound a special pair of forceps of my

own construction (the same referred to in the aforementioned case).
These forceps have their extremity somewhat wedge-shaped, so that
they can separate the tissues, and easily pass between the fbers of
muscles or between nerves or vessels. As the borders are not sharp,
these forceps simply push aside, rather than cut, the different tissues.
The borders have no indentations.

As the face was swollen, I could easily pass the forceps without
touching the mucosa of the mouth, thus. avoiding infection of the
operative wound. (I had not chosen the oral route originally because
of the danger of infection.) I passed outside the buccinator muscle
until I touched the anterior border of the coronoid process. Then I
took an oblique course between the upper and the lower jaw, through
Bichat' s pad of fat ( the sucking pad of infants). I came to the region
where the bullet was situated. All the time, I was "probing" my way,
as it were, by slow, smooth perforating movements. When I carne in
contact with the bullet, I had the sensation of reaching a sort of cavity,
where the movements were freer. When I tried to grasp the foreign
body, however, it slipped easily from the jaws of the forceps which
were too small for such a bullet. It was evident that a larger pair of
forceps was required. When pulling back my frst forceps, I opened
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them and tried to increase the size of the channel I had made from
the skin to the foreign body in arder to facilitate the introduction of
the larger pair.
With the larger forceps, which were similar in construction to the

first pair, I was able to grasp the foreign body lengthwise and remove
it without great difficulty.
This operation was much easier than in Case I. It took about twenty­

fve minutes altogether.
No hemorrhage occurred, the wound being dry at the end of the

intervention. No nervous lesions of any kind complicated the pro­
cedure. One clip was sufficient to clase the wound.

After-effects.-After the intervention I made the usual application of red and
infra-red rays with the Sollux-lamp ( thirty minutes). The patient walked out un­
aided and came back daily for six days to have other applications of the Sollux­
lamp. Through a misunderstanding of my instructions the clip was not removed
on the second day, as is customary in my cases of this nature, but on the third day.

The fracture caused this patient discomfort for a certain time, some swelling
and trismus, but from the foreign body and from the intervention not the slight­
est complication has appeared, and later all symptoms disappeared completely.
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Anastomosis of colon following reseco­
tion, teclmic, Oct., 1197

Androgens in carcinoma of breast Feb
127 ' .,

Anemia in colonic lesions, Feb., 193
Anesthesia, choice of, for asthmíatic pa­

tient. June, 678
renal function and, June, 671

for bowel surgery, management, June
703· •

for cholecystectomy, Feb., 217
for operations for intestinal' obstruc­

tion, April, 388
for paravertebral sympathectomy,

Feb., 59
for thyroidectomy, Feb., 92
refrigeration, for amputations, April,

509
relaxation in, curare as aid, June, 709
supportive measures, June, 705

Aneurysm, aortic, mediastinal tumor
and, differentiation, April, 289

arterial, pain in upper extremity
caused by, Aug., 808

arteriovenous, congenital, April, 848
of abdominal aorta, April, 349

Angiography, evaluation of its useful­
ness, · April, 326

Antiseptic principle, introduction of,
Oct., 1039

Anuria following surgery of right colon,
June, 628

1049, Anus, lesions, diagnosis, Aug., 981
Aorta, aneurysm, April, 289, 879

chest surgery, Oct., Aortography, April, 826
Appendicostomy for colonic obstruc­

tion, April, 385
Arm , pain in, heart disease as cause,

Aug., 804
neurologic causes, Aug., 810
orthopedic causes, Aug., 834
peripheral vascular disease as

cause, Aug., 806
symposium on, Aug., 799
thoracic disease as cause Aug. 801

pedigle grafts from, Aug., 904
Artenal anastomosis, role of angiog­

raphy in, April, 336
occlusion, pain in .upper extremity

due to, Aug., 806
Arteriograph y, Ápril, 326
Arteriosclerotic peripheral arteries ar-

teriography of, April, 331 '
1292

ABDOMEN, wounds, penetr ating, Oct.,
1152

Abdominal aorta, aneurysm of, April,
349

operations, unnecessary, for pathologic
lesions of genito-urinary tract, Oct.,
1247

surgery, symposium on, Oct., 1125
tube flaps, Aug., 904

Abdominoperineal resection for car­
cinoma of rectum, selection of opera­
tion and technic, June, 528

Abductor paralysis of larynx, arytenoi­
dectomy for, April, 464

Abrasions of face, Feb., 5
Abscess of lung, treatment, bronchos­

copy in planning, April, 294
perinephric, diagnosis, April, 357

Acetylbetamethylcholine bromide in
megacolon, Oct., 1181

Adenoma of bronchus, bronchoscopy in,
April, 295

complications and treatment, Aug.,
920

of kidney, pathology, Oct., 1260
Adrenal gland, pheochromocytoma, re­

port of two cases with operative re­
moval of tumor, April, 368

rests of kidney, pathology, Oct., 1261
Air enema, double contrast, in diagnosis

of colonic lesions, ]une, 594
technic, June, 604

ultraviolet irradiation of, Oct.,
1073

results in
1075

Alcohol injections in trigeminal neural­
gia, June, 775

Alveolar process, fractures, Feb., 16
Amebic dysentery, June, 589
Amino acids, parenteral use, Feb., 192
Amputations, April, 495
prostheses, April, 505
refrigeration anesthesia for, April, 509
secondary, indications for, April, 507
sites of election, April, 496
stumps, April, 501

end-bearing, April, 506
remodeling of, indications for,
April, 507

Syme, indications, April, 422
Anastomosis, arterial, role of angiog­
raphy in, April, 336
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Arteriovenous aneurysm, congenital,

Apri l, 343
fistula, angiography in, April, 331

congenital, April, 343
pain in upper extremity caused by,
Aug., 808

Arthritis of knee jint, débridement in,
technic, Feb., 249

Arytenoidectomy, April, 464
technic, April, 467

Aseptic surgical technic, historical as­
pect, Oct., 1035

thoracic surgery and, symposium
on, Oct., 1035

Asthmatic attack, treatment, June, 677
patient, major surgery in, J une, 676

Atelectasis, postoperative, June, 706
Axillary node involvement in breast

cancer, Feb., 119
Ayala index, Feb., 85

BACILLAmY dysentery, June, 585
Back, pedicle grafts from, Aug., 905
Barium enema, technic, June, 603
Barbiturates, preoperative and postop-

erative use, in aged, June, 715
Bed rest, calculus formation in patient,
April, 444

Bile ducts, anomalies, Feb., 210
Bladder, carcinoma, pathology, Oct.,

1265
dysfunction following large bowel

surgery, June, 695
neck obstruction, management, Oct.,

1269
neurogenic, Oct., 1270, 1272, 1275
resection, complete, Oct., 1215

partía! or segmenta!, Oct., 1214
tumors, Oct., 1209

diagnosis, Oct., 1211
pathology, Oct., 1265
treatrnent, Oct., .1213

vaginal plastic operations about, cot­
ton sutures in, Oct., 1221

Blood group incompatibility, June, 683
in primary carcinoma of lung, April,

298
stored, use of, June, 689
transfusions, in major surgery, factors

of safety, June, 682
in protein deficiency, Feb., 192
reactions and complications, June,

682
Rh factor in, June, 686

Bone grafts, boiled, in cranioplasty,
Feb., 44

metastasis, from carcinoma of breast,
radiation treatment, ]une, 731

in gastrointestinal malignancy, June,
692

tumors, diagnosis. April, 410

Brachial plexus, lesions, pain in upper
extremity due to, Anug., 820

Brain, tumors, orbital tumors associated
with, Aug., 874

Breast, carcinoma, Feb., 116; April, 324;
June, 723. See also Carcinoma of
breast.

examination, April, 319
hypertrophic, plastic surgery of Oct1095 ' .,
sarcoma, June, 718
tumors, diagnosis, April, 319

Bromi<les, preoperative and postopera­
tive use, in aged, June, 716

Bronclual asthma, majar surgery in,
June, 676

Bronchiectasis, treatment, bronchoscopy
in planning, April, 294

Bronchoscopy, anesthesia for, curare in,
June, 712

importance, in planning treatment of
pulmonary lesions, April, 292

Bronchus, adenomas, complications and
treatment, Aug., 920

Bursitis, subacromial, Aug., 836

CALcULI, renal, formation in bedrest pa­
tient, April, 444

Carcinoma, bronchiogenic, bronchos­
copy in, April, 295

of bladder, Oct., 1210
pathology, Oct., 1265

of breast, Feb., 116; June, 723
analysis of 300 cases, June, 723
axillary nade involvement, Feb.,

119
diagnostic aids, Feb., 116; April,

324
estrogens and androgens in, value,
Feb., 127

oophorectomy in, value, Feb., 126
operable, treatment, Feb., 122
recurrent and inoperable, treat-

ment, Feb., 124
roentgen treatment, June, 730

of cervix, total abdominal hysterec­
tomy for, Aug., 1021

of colon, complicating chronic ulcera-
tive colitis, ]une, 641

diagnosis, June, 553
metastasis to bone, June, 692
Mikulicz ooeration, modified, June,

610
unusual complications, ]une,

623
multiple, synchronous, widely seo-
arated, colectomy for, Aug. , 964

obstructive, Feb., 186
primary resection far, ]une, 606
protein de6ciency in, Feb., 189
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Carcinoma of colon, resection of, Feb.,
176

technic of anastomosis fallowing,
Oct., 1197

site of growth of 1457 lesions, ]une,
551

of esophagus, Feb., 137; June, 733,
738

esophagogastrostomy far, Oct.,
1127

of kidney pelvis, pathology, Oct.,
1264

of large intestine, terminal portian,
Aug., 968 · ·

of lung, primary, blood picture in,
April, 298

of neck, metastatic, dissections in,
Feb., 102

radiation versus surgery, Feb.,
103

of pancreas, resection of, operative
technic, Aug., 94l

of nrostate, Oct., 1269, 1272, 1274
bilateral orchectomy far, further

observations on, Aug., 1007
pathology, Oct., 1266

of rectum, abdominoperineal resec­
tion for, June, 528

complicating chronic ulcerative
colitis, June, 64l

diagnosis, June, 558
postoperative care, ]une, 566
complications, June, 570

preoperative preparation, June, 564
site of growth, ]une, 551

of thyroid, total thyroidectomy in,
Feb., 100, 110

of uterus, total. abdominal hysterec­
tomy for, Aug., 1022

Cardiospasm, roentgen diagnosis, April,
314

Castration, roentgen, in carcinoma of
breast, ]une, 731

Causalgia, ]une, 780
Cecum, carcinoma, Feb., 178
Cerebral angiography, April, 326
Cervical flaps, Aug., 902

rib syndrome, Aug., 821
Cervix, carcinoma, total abdominal 'hys­
terectomy for, Aug., 1021

Cesarean section, uses and abuses, April,
444

Chemotherapy in asthmatic patient,
June, 679

Chest disease, role in production of arm
pain, Aug., 80l

flaps from, Aug., 903
injuries, application of military ex­
perience to civilian practice, Oct.,
1082

surgery, symposium on, Oct., 1035

Chest surgery, "unexplained" infecl
in, control of, Oct., 1071 1ons

wall, cold abscess, April, 285
loss of stability, Oct., 1084

wounds, penetrating, Oct., 1093
Chloral hydrate, preoperative and post.

operative use, in aged, June, 713
Cholecystectomy, indications and con-

traindications, Feb., 214
partial, Feb., 215
postoperative care, Feb., 227
preoperative preparation far F b216 o 'e u.,

technic, Feb., 210, 219
Cholecystostomy, indications and con­

traindications, Fc. 214
technic, Feb., 210, 997

Choledochojejunostomy, Feb., l74
Chondrosarcoma of ilium, intractable
pain in hip fallowing, relief by chor­
dotomy, Feb., 70

Chordoma, spinal, protruded disk and
differentiation, April, 279 "

Chordotomy far intractable pain in hip
fallowing removal of chondrosarcoma
of ilium, Feb., 70

Cistern puncture, Feb., 89
Clavicular flaps, Aug., 902
Clearance tests of renal function, Oct.,

1230
Codeine, preoperative and postoperative
use. in aged, ]une, 717

Cold abscess of chest wall, April, 285
Colectomy. See Colon, resection.
Colitis, ulcerative, carcinoma of colon

and rectum complicating, ]une,
641

colectomy for, Aug., 960
diagnosis and medica! manage­
ment, June, 631

Colori, carcinoma of. See Carcinoma of
colon.

diverticula, Aug., 976
diverticulitis. April, 390; Jume, 584
colectomy for, Aug., 965
double contras! enemas in, June,

602
diverticulosis, double contras! enemas

in. June, 596
examination, order of events in Feb.,

176 "
injuries, June, 665
irrigations, in diagnosis of intestinal

obstruction, April, 383
lesions. anemia in, Feb., 193

left half, Feb., 181
localization, Feb., 186
obstructive. Feb. 186
protein deficiencv in, Feb. 189
right half, Feb.. 186' ""
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Colon lesions, roentgen diagnosis, double
contrast enemas in, June, 594

methods, June, 603
surgical diagnosis and manage­

ment, Feb., 176
obstruction, diagnosis, April, 382
treatment, April, 384

polyps, Aug., 958, 971
double contrast enemas in, June,
594

resection, anastomosis after, technic,
Oct., 1197

for carcinoma, Aug., 964
for congenital megacolon, June,

645
· for diverticulosis and diverticulitis,

Aug., 965
for fecal fistulas, Aug., 965
for megacolon, Aug., 949; Oct.,

1189
for mucous fistula, Aug., 966
for polyps, Aug., 953
for ulcerative colitis, Aug., 960
primary, Feb., 176; June, 606
postoperative orders, Feb., 197
preoperative orders, Feb., 196

total and subtotal, with review of
72 cases, Aug., 949

right, resection of, primary, June, 606
surgery of, anuria and uremia fol­

lowing, June, 628
tuberculosis of, June, 659

surgery, anesthesia for, management,
June, 703

postoperative care, June, 706
premedication, June, 703
symposium on, June, 525
urologic complications and their

management, June, 695
tuberculosis, Feb., 184
tumors, cliarrhea in, June, 584

Colostomy, management, June, 568
protein deficiency with, Feb., 189
transverse, in obstructive lesions of
colon, Feb., 188

Congenital megacolon, June, 644
Contusions of lung, Oct., 1083
Costoclavicular syndrome, Aug., 824
Cotton sutures in vaginal plastic opera­

, tions about bladder and urethra, Oct.,
1221

Cranioplasty, Feb., 33
boiled bone grafts ( autogenous ar

homogenous), Feb., 44
indications and contraindications,

Feb., 34, 36
periosteal outer table grafts in, Feb.,

37
rib grafts (autogenous graft), Feb.,

40
tantalum in, Feb., 33, 48

Cranioplasty, tantalum in, in postwar
period, Aug., 841

technic, Aug., 844
vitallium in, Feb., 47

Cruciate ligament, anterior, ruptured,
test for, Feb., 251

Curare, use, in anesthesia, June, 709
Cystectomy for bladder tumor Oct.

1214, 1215 '
Cystic artery, anomalies, Feb., 212, 213
Cystocele, repair of, cotton sutures in,

Oct., 1223
Cystoscopy in bladder tumors, Oct.,

1212 •
Cystotomy, suprapubie, for bladder neck

obstruction, Oct., 1278
Cysts, dermoid, of mediastinum, Feb.,

130
sebaceous, of scalp, Aug., 866

DEAFNEss, otosclerotic, fenestration op­
eration, selection of patients far, Aug.,
876

Débridement of knee joint for arthritis,
technic, Feb., 249

Decompression in intestinal obstruction,
Feb., 188; April, 386

Decortication of heart by resection of
pericardium, April, 480

Demerol, preoperative and postopera­
tive use, in aged, June, 717

Dermal grafts, Aug., 899
Dermoid cyst of mediastinum, Feb.,

130
Detrusor paralysis following large bowel

surgery, June, 695
Diagnosis, proctologic, Aug., 981

surgical, symposium on, April, 271
Diaphragm, embryology, Feb., 152
lesions causing arm pain, Aug., 802

Diaphragmatic hernia, clinical report of
34 surgically treated cases, June,
742

surgical repair, Feb., 152
in adult, Feb., 158
in infancy and childhood, Feb.,

153
Diarrhea, clinical, signifcance, June, 579
Diet for colostomy patients, June, 569
Digital examination, proctologic, Aug.,

988
Dilaudid, preoperative and postopera­
tive use, in aged, June, 717

Diverticula, esophageal, June, 736
of large intestine, terminal portian,
Aug., 976

urethral, repair with cotton sutures,
Oct., 1227, 1228

Diverticulitis of colon, April, 390; June,
584

colectomy for, Aug., 965
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Diverticulitis of _colon, roentgen diag­
nosis, double contrast enemas m,
June, 602 di

Diverticulosis of colon, roentgen 11a­
nosis, double contrast enemas mn,
]une, 596 f k

Draping of patient for surgery o mee,
Feb., 256 I

Duodenal stump, intraluminal pressure
in, avoidance in gastri c resection,
Feb., 207 . .

management, in gastri c resection,
teclmical details. Feb., 200

ulcer, gastr ic resection for, manage­
ment of duodenal stump, Feb.,
200

Duodenum and head of pancreas, resec­
tion, operative technie, Aug., 94l

malignant tumors, surgical treatment,
Feb., 163

Dura! cyst, sciatica due to, April, 279
Dysentery, amebic, June, 589

bacillary, June, 585
Dysthesia, noctumal, Aug., 828
Dystrophy, sympathetic, refiex, ]une,

780

EA, lacerations, Feb., 9
Electrodiagnostic procedures in periph­

eral nerve lesions, April, 438
Enema, air, double contrast, in roentgen

diagnosis of -:olonic lesions,
June, 594

technic, June, 603
barium, technic, June, 603

Epithelioma of scal, Aug., 859
Erythromelalgia, pain in upper extrem­

ity due to, Aug., 808
Esophagitis, chronic, June, 738

roentgen :liagnosis, April, 315
Esophagogastrostomy far lesions of up­

pe: end of stomach and lower end of
esophagus, Oct., 1125

Esophagoscopy, anesthesia far curare
in, ]une, 712 '

Esophagus, carcinoma, Feb., 137· ]une
733, 738 '· '

esophagogastrostomy far Oct. 1127
diverticula, June, 736 ' '
lesions eausing arm pain, Aug., 801
lower, diseases of, roentgen diagnosis
April, 306 '

obstructing lesions, surgical aspects,
]une, 733

Estrogen therapy in carcinoma of breast
Feb., 127 '

Extremities, upper, pain in, syínposium
on, Aug., 799

Eye, prosthesis, problems of, Aug., 848
Eyelids, lacerations, Feb., 6

FAcE, abrasions, Feb., 5
injuries, early management, Fe,, g
lacerations, Feb., 5 ' ·,
prosthesis, problems of, Aug., 843
reconstructions about, pedicle graft

from arm for, Feb., 20 s
Facial bone fractures. Feb., 9

nerv_e, traumatic lesions secondary to
war wounds, repair of. June, 76g

Fecal fistulas, abdominal, multiple
colectomy for, Aug., 965 "

tuberculous, ]une, 658
Femur, fractures, neck, delayed union

or nonunion, operation for
Feb., 242

recent, operative treatment, Feb
230 ' .,

Fenestration operation for otosclerosis
how it improves hearing, Aug.,
878 ' '

probability of successful result
Aug., 878 "

selection of patients, Aug., 876
Fever, postoperative, effect of ultraviolet

irradiation of air at operation on
Oct., 1078 "

Fibro-adenoma of breast, diagnosis,
April, 323

Fibroma of kidney cortex, Oct., 1263
Fibrosarcoma of scalp, Aug., 867
Fibrositis of shoulder, Aug., 839
Fingers, amputations, siles of election,
April, 500

Finsterer operation for peptic ulcer, gas­
trojejunal ulcer following, ]une, 758

First thoracic rib syndrome, Aug., 826
Fistula, arteriovenous, :.ngiography in,

April, 332
congenital, April, 343
pain in upper extremity caused by,

Aug., 808
fecal, abdominal, multiple, colectomy

for, Aug., 965
tuberculous, ]une, 658

mucous, resection of colon for, Aug,
966

vesicovaginal, repair of, cotton sut­
ures in, Oct., 1224

Fluoroscopic removal of foreign bodies
in neck, Oct., 1283

Foot amputations, sites of election,
April, 497

Forearm, amputations, sites of election,
April, 499

Foreign bodies in neck, removal under
Huoroscopic control, Oct., 1283

Forehead flaps, Aug., 900
Fractures of alveolar process, Feb.,

16
of facial bones, early management,

Feb., 9
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Fractures of femur, neck, delayed union

non-union, operation for Feb
242 ' .,

recent, operative treatment Feb.
230 • »

of frontal bone, Feb., 10
of hip, surgical treatment, Feb., 230
of mandible, Feb., 16
of maxilla, Feb., 13
of nose, Feb., 11
of zygomatic bone, Feb., 11

Frontal bone, fractures, Feb., 10
Fulguration of bladder tumors supra­

pubic, Oct., 1214
transurethral, Oct., 1213

of intestinal polyps, Aug., 974

GALLDLADDEn, anomalies, Feb., 210
Ganglionectomy, celiac, with total tho­

racic and partía! to total lumbar sym­
pathectomy in treatment of hyper­
tension, Oct., 1109

Gastrectomy, total, report of patient
surviving for eight years, Aug., 934

Gastric. See Stomach.
Gastroenterostomy, gastrojejunal ulcer
following, June, 752

Gastrointestinal surgery, symposium on,
Oct., 1125

tract, malignant disease, metastasis
to bone, June, 692

Gastrojejunal ulcer, ]une, 751
Genito-urinary complications following

large bowel surg ery , June, 695
surgery, symposium on, Oct., 1209
tract, lesions, unnecessary abdominal

operations for, Oct., 1247
tumors, pathology, Oct., 1257

Glomerular fil tration, rate of, measure­
mnt, Oct., 1230

Glomus tumor, pain in upper extremity
due to, Aug., 831

Goiter, toxic diffuse, total thyroidectomy
in, Feb., 100

nodular, total thyroidectomy in,
Feb.. 99

Grafts, skin. See Skin grafts. .
Guillain-Barré syndrome, protruded disk

and, differentiation April, 278
Gurd's transverse incision for cholecys­
tectomy, Feb., 217

HAND, amputations, sites of election,
April, 499

Headache, spinal puncture, Feb., 87
Heart, decortication, by resection of

pericardium, April, 480
disease, arm pain due to, Aug., 804

Hemangioma of kidney, Oct., 1263
Hemilaminectomy, Feb., 70

for chordotomy, Feb., 70

Hemilaminectomy for removal of neuro­
fibroma of spinal cord, Feb., 74

Hemolysis, intravascular, complicating
blood transfusion, June, 682

Hemoptysis, bronchoscopy in, value,
April, 296

Hemorrhage in peptic ulcer, Oct., 1140
rectal, diagnostic significance, ]une,

574
Hemothorax, Oct., 1088
clotted or chronic, Oct., 1088

Hepatic artery , anomalies, Feb., 212,
213

Hernia, diaphragmatic, clínica! report
of 34 surgically treated cases,
June, 742

surgical repair, Feb., 152
in adult, Feb., 158
in infancy and childhood,

Feb., 53
hiatus, esophageal, roentgen diag­

nosis, April, 311
Herpes zoster, protruded disk and, dif­
ferentiation, April, 276

Hiatus hernia, esophageal, roentgen
diagnosis, April, 311

Hip, fractures, surgical treatment, Feb.,
230

Hirschsprung's disease, June, 644; Oct.,
1170

Hodgkin's disease, mediastinal lesions,
April, 285

Hydronephrosis, plastic operations for,
April, 512

I-lypernephroma of kidney, pathology,
Oct., 1257

Hypertension, total thoracic and partial
to total lumbar sympathectomy and
celiac ganglionectomy in, Oct., 1109

1-lysterectomy, total, abdominal, indi­
. cations for, Aug., 1018

ILErTIs, regional, June, 590
Ileocolostomy, end-to-side, Oct., 1202-

1204
side-to-side, Oct., 1201, 1202

Ileostomy, anuria and uremia following,
June, 628

Ileum, tuberculosis, ]une, 659
Ilium, chondrosarcoma of, intractable

pain in hip following, relief by chor­
dotomy, Feb., 70

Infections, "unexplained, " in surgical
wcunds, control of, Oct., 1071

Injuries, abdominal, penetr ating, Oct.,
1152

facial, early management, Feh., 3
of chest, application of military ex­

perience to civilian practice, Oct.,
1082

of colon and rectum, June, 665
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Injuries of knee joint, acute, surgical
diagnosis, April, 402

Inspection, proctologic, Aug., 985
Intervertebral disks, hemiation, Aug,

990
differential diagnosis, Aug., 998
lumbar, differentiation from dis­

eases of spinal and peripheral
nervous systems, Apri l, 272

pain in upper extremities due to,
Aug., 813

Intestinal anastomosis, end-to-end, asep­
tic, Oct., 1205, 1206

distention, postoperative, June, 707
obstruction, April, 382
diagnosis, April, 382
treatment, April, 384

tuberculosis, June, 585
surgical treatment, June, 656

Intestine, large terminal oortion, diver-
ticula. Aug., 976

lesions of,diagnosis, Aug., 98l
malignant lesions, Aug., 966
polypoid disease, Aug., 971

Irrigations, colonie, in diagnosis of in­
testinal obstruction, April, 383

Isografts, Aug., 898

JEJUNosroMY, nutrient, preliminary to
esophagogastrostomy, Oct., 1127

KrNEY , calculi, formation in bedrest
patients, April, 444

function, clearance and saturation
tests, Oct., 1230

majar surgery and, June, 669
lesions, unnecessary abdominal opera-

tions for, Oct., 1247 .
pelvis, tumors, pathology, Oct., 1264
tumors, pathology, Oct., 1257

King's osteotomy for ununited fracture
of hip, Feb., 247

Knee, débridement, far arthritis, Feb.,
949

examination and differential diag­
nosis, Feb., 249

injuries, acute, surgical diagnosis,
April, 402

treatment, April, 407

LACERATIONs of head and face, Feb., 5
Lamont mastopexy, Oct., 1099, 1100
Laryngeal nerve, recurrent, injuries at
thyroidectomy, avoidance, Aug., 907

Larynx, abductor paralysis, bilateral,
arytcnoidectomy far, April, 464

Lateral ligaments of knee joint, test for
integrity, Feb., 250

Leg, arnputations,. sites of election,
April, 497

pedicle grafts from, Aug., 904

Leptomeningitis, localized, protunua
disk and, dyferen@o.'Ai;" ¿$"

Levm tube m mtestinal obstru ti
April, 386 e on,

Ligarnentum flavum, hypertrophied •
atica due to, April, 280 »se­

Lip, lacerations, Feb., 9
Lipoma of kidney, Oct., 1263
Lister, historical data, Oct., 1039
Lumbar intervertebral disk, ruptured

differentiation from diseases 6f
spinal and peripheral nervous sys­
tems, April, 272

puncture, Feb., 78
sympathectomy, effects, Feb., 67
indications, Feb., 59
technic, Feb., 56

sympathetic block, Feb., 57
Lung, carcinoma, primary, blood pic­

ture in, April, 298
contusions, Oct., 1083
lesions, bronchoscopy in planning

treatment, April, 292
"wet," traumatie, Oct., 1084

Lymphangitis, acute diffuse, pain in
upper extremity caused by, Aug., 809

Lymphedema, chronic, pain in upper
extremity due to, Aug., 809

Lymphocytic tumors of orbit, malig­
nant, Aug., 871

Lymphosarcoma of orbit, primary, Aug.,
871

secondary, Aug., 878
of spinal cord, protruded disk and,

differentiation, April, 279

MALIGNANT tumors of colon, Feb., 176
of duodenum, surgical treatment,

Feb., 163
Maliniak mastoplasty, Oct., 1098
Mandible, fractures, Feb., 16
Masks, historical data, Oct., 1046
Mastitis, cystic, chronic, diagnosis,
April, 321

Mastoplasty, Oct., 1095
Lamont, Oct., 1099
Maliniak, Oct., 1098
Thorek, Oct., 1103

Maxillary bone, fractures, Feb., 13
Mediastinum, dermoid cysts, Feb., 130
lesions, diagnosis, April, 282
neurogenic tumor, Feb., 134
surgery of, Feb. 130

Megacolon, Oct., 1170
congenital, June, 644
diagnosis, Oct., 1174
genesis, theories on, Oct., 1171
pathologico-physiology, Oct., 1172
resection of colon far, Aug., 949
treatrnent, Oct., 1179

Melano-epithelioma of scalp, Aug., 866
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Meningioma, spinal, protruded disk and

differentiation, April, 276, 279 '
Methyl methacrylate plombage in sur­

gical treatment of pulmonary tuber­
culosis, Oct., 1060

Mikulicz operotion, modified, June, 607
for carcinoma of colon, June

610
. unusual complication, June, 623

Miller-Abbott tube in intestinal ob­
struction, Feb., 189; Aril, 386. 387

Moore's pins in fractures of fémoral
neck, Feb., 236

Morphine contraindicated in asthma
June, 678 "

preoperative and postoperative use, in
aged, June, 716

Muscle sprains of shoulder, Aug., 839

NAncoTIcS, preoperative and postoper­
ative use, in aged, June, 715

Nasal bone, fractures, Feb., 11
Neck dissections, indications and tech­

nics, Feb.. 102
foreign bodies in, removal under

fluoroscopic control, Oct., 1283
Nerve, facial, traumatic lesions second­

ary to war wounds, repair of,
June, 763

peripheral, lesions, diagnosis of,
April, 432

pain in upper extremity due to,
Aug., 831

roots, lesions causing arm pain, Aug.
811 ' '

Nervous system, central, lesions causing
arm pain, Aug., 81l

Neuralgia, trigeminal, alcohol injec­
tions for, June, 775

medical therapy, June, 774
peripheral neurectomies for, ]une,

778
treatment, role of minor procedures

in, June, 774
Neurectomy, peripheral, for tr igeminal

neuralgia, June. 778
Neurinoma of spinal cord, protruded

disk and, differentation, April, 275
Neurofibroma of spinal cord, removal,

hemilaminectomy for, Feb., 74
Neurogenic bladder, Oct., 1270, 1272,

1275
tumor of mediastinum, Feb., 134;
April, 290

Neurologic causes of pain in upper ex­
tremity, Aug., 810

Nipple, artifi cial, construction of, Oct.,
ll03

free transplant of, Oct., 1103
Paget's disease, diagnosis, April, 825

Nipple, sanguincous discharge from,
April, 323

Nonunion in fractures of femoral neck
operation for, Feb., 242 '

Nose, lacerations about, Feb., 8

OOPHORECTOMY in carcinoma of breast,
Feb., 126

Operation, choice of, renal function
and, June, 674

Orbit, tumors, malignant Jymphocytic,
Aug. , 871

Orchectomy, bilateral, for carcinoma of
prostate, further observations on,
Aug., 1007

Orthopedic aspects of pain in shoulder
and arm, Aug., 834

Osteotomy, subtrochanteric, in ununited
fracture of femoral neck, Feb., 245

Otosclerosis, diagnosis. Aug., 878
fenestration operation, how it im­

proves hearing, Aug., 878
probability of successful result,

Aug. , 857
selection of patients. Aug., 876

PAcET's disease of nipple, diagnosis
April, 325

Pain, intractable, in hip following re­
moval of chondrosarcoma of ilium
relief by chordotomy, Feb., 7o

in shoulder and arm, symposium on,
Aug., 799

Palpation, proctologic, Aug. , 986
Pancreas, head, and duodenum, resec­

tion of, operative technic, Aug., 94l
Pancreatoduodenectomy, Feb., 170
Pantopon, preoperative and postopera­

tive use, in aged, June, 717
Papilloma of bladder, Oct., 1210
Paraldehyde, preoperative and postop­

era'ive use, in aged, June, 716
Paralysis, abductor of larynx, arytenoi­

dectomy for, April, 464
Paravertebral sympathetic block, Feb.,

57, 58
Parotid tumors, April, 480
Patellar cartilage defect, detection, Feb.,

252
Pauwel's method of cuneiform osteotomy

in vnunited fracture of femoral neck,
Feb., 246

Pedicle grafts, Aug., 899. See also Skin
grafts, pedicle.

Pelvis, renal, carcinoma, pathology,
Oct., 1264

Penicillin in plastic surgery of face,
Feb., 31

Peptic ulcer, bleeding, surgical treat­
ment, Oct., 1140
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Peptic ulcer, gastric resection for, man­
agement of duodenal stump,
Feb., 200 ..

operations for, gastro¡e¡unal ulcer
following, June, 751 .

Perforating wounds of rectum, April,.acs ot. sotuer. Aug,, ss7
Pericarditis, chronic constrictive, sur­

gical treatmncnt, April, 477
Pericardium, resection, decortication of
heart by, April, 480

Perineal urethrofistula following large
bowel surgery, June, 701 . .

Perinephric abscess, diagnosis, April,
357 f .

Periosteal outer table gra ts in cramo-
plasty, Feb., 37 . .

Peripheral arteries, arteriosclerotic, ar­
teriography of, April, 331

nerve lesions, diagnosis, April, 432
pain in upper extremity due to,

Aug., 831
simulating ruptured lumbar in­
tervertebral disk, April, 272

vascular disease, pain in upper ex­
tremity caused by, Aug., 806

Pheochromocytoma of adrenal gland,
report of two cases with operative
removal of tumor, April, 368

Pinch grafts, Aug., 898
Plasma infusions in protein defciency,
Feb., 192 ·

Plastic operations for hydronephrosis,
April, 512

on breast, Oct., 1095
on skull, Feb., 33

repair of face with pedicle grafts from
arm, Feb., 20

Plombage, methyl methacrylate, in sur­
gical treatment of pulmonary tuber­
culosis, Oct., 1060

Pneumonectomv, clinie on, stressing
teclmic of operation, Feb., 143

Pneumothorax, Oct., 1086
tension, Oct., 1087

Polyps of color, Aug., 958, 971
colectomy for, Aug., 953
fulguration of, Aug., 974
roentgen diagnosis, double contrast
enemas in, June, 594

of large intestine, terminal portian,
· Aug., 971

Postoperative care in colon surgery,
June, 706

complications, renal function and,
June, 678

Preantiseptic era, Oct., 1035
Premedication in bowel surgery, June,

703

Preoperative care in colon surgery. June
706 ' '

preparation, renal function and, June
672 ' '

skin preparation with reference t
surface bacteria contaminants and
resident flora, Oct., 1053

studies, essential, and their signif­
cance, June, 669

Proctologic diagnosis, Aug., 981
Proctoscopic examination. Aug., 990

preparation for, Aug., 982
Prostate, carcinoma, Oct., 1269, 1272,

1274
bilateral orchectomy for, further

observations on, Aug., 1007
pathology, Oct., 1266

hypertrophy, Oct., 1269, 1271, 1272
obstruction following large bowel

surgery, June, 695
management, Oct., 1269

Prostatectomy, suprapubic, Oct., 1278
transurethral, Oct., 1276

Prosthesis, facial, problems of, Aug., 846
Prostigmine bromide in megacolon,

Oct., 1182
Protein deficiency in colonic lesions,

Feb., 189
feedings, oral, Feb., 190
parenteral use, Feb., 192

Pulmonary sulcus, superior, lesions caus­
ing arm pain, Aug., 801

QUECKENSTEDT test, Feb., 84

RAmcuuns, ruptured lumbar interver­
tebral disk and, differentiation, April,
277

Radiosurgery in foreign bodies in neck,
Oct., 1283

Radium treatrnent of bladder tumors,
Oct., 1214

Raynaud's discase, pain in upper ex-
tremity caused by, Aug., 807 .

Rectum, carcinoma, abdominoperineal
resection for, June, 528

complicating ulcerative colitis,
June, 64l

diagnosis, June, 553
postoperative care, June, 566
complications. June, 570

preoperative preparation, June, 564
site of growth, June, 551

divcrticula, Aug., 976
hemorrhage from, diagnostic signifi­
cance, June, 574

injuries, June, 665
lesions, diagnosis, Aug., 981
malignant lesions, Aug., 971
polyps, Aug., 971
tumors, diarrhea in, June, 584
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Rectum wounds, perforating, April, 397
Recurrent laryngeal nerve, injuries at

thyroidectomy, avoidance, Aug., 907
Reflex sympathetic dystrophy, June, 780
Refrigeration anesthesia for amputa­

tions, April, 509
Resection of colon for carcinoma, an­

astomosis following, Oct., 1197
primary, Feb., 176; June, 606

of stomach, duodenal stump in, Feb.,
200

Rh factor in bloocl transfusion, June, 686
Rib grafts in cranioplasty, Feb., 40
Roentgen castration in carcinoma of

breast, June, 731
diagnosis of bone tumors, April, 414

of certain cliseases of lower esoph­
agus, April, 306

of colonic lesions, methocls, June,
603

use of double contrast enemas
in, June, 594

of knee joint injuries, April, 404
treatment of carcinoma of breast,

]une, 730
of metastatic carcinoma in neck,

versus surgery, Feb., 103
Ru bber gloves, historical data, Oct.,

1044

SARCOMA of breast. June, 718
of kidney, Oct., 1263

Saturation tests of renal function, Oct.,
1230

Scalenus syndrome, Aug., 823
Scalp flaps, Aug., 900

lacerations, Feb., 5
tumors, malignant, Aug., 859

Sebaceous cysts of scalp, Aug., 866
Sedatives, preoperative and postopera­

tive use, in aged, June, 715
Semilunar cartilage, loose or torn, ex­

amination for, Feb., 251
Serum paralysis, Aug., 830
Shoulder, bursitis, Aug., 836

fibrositis, Aug., 839
"frozen," Aug., 838
muscle sprains, Aug., 839
pain, symposium on, Aug., 799
periarthritis, Aug., 837

Skin grafts, free, Aug., 891
dermal, Aug., 899
full-thickness. Aug., 891
isograft, Aug., 898
medium-thickness, Aug., 897
pinch graft, Aug., 898
thick-split, Aug., 895
thin-split, Aug., 896

methods and their indications,
Aug., 857

pedicle, Aug., 899

Skin grafts, peclicle, from abdomen,
Aug., 904

from arm, Aug., 904
for reconstructions about face,

Feb., 20
from back, Aug., 905
from leg, Aug., 904
from neck, Aug., 902
from scalp and forehead, Aug.,

900
from shoulcler or chest, Aug.,

902
preparation, preoperative, with refer­

ence to surface bacteria contami­
nants ancl resiclent flora, Oct., 1053

Skull defects, 1 pair, with special refer­
ence to use of tantalum, Feb., 38

tumors, orbital tumors associatecl
with, Aug., 874

Smith-Petersen nail in fracture of fem­
oral neck, Feb., 234, 236

Spinal cord, lesions, ruptured lumbar in­
tervertebral disk and, clifferentia­
tion, April, 272

block, test for, Feb., 84
corcl, neurofibroma, removal, hemi­
laminectomy for, Feb., 74

puncture, Feb., 78
diagnostic inclications, Feb., 82
heaclache following, Feb., 87
technic ancl equipment, Feb., 78
technical difficulties. Feb.. 80
therapeutic indications, Feb., 85

Spine, cervical, iniurv or disease, pain
in upper extremity due to, Aug., 834

Splanchnicectomy, lumbodorsal ap­
proach, Oct., 1116

transthoracic, technic, Oct., 1115
Sprue, June, 592
Steinmann pin in ununitecl fracture of

femoral neck, Feb., 244
Stomach, resection, for peptic ulcer, in­

aclequate, gastrojejunal ulcer fol­
lowing, June, 755

management of duodenal stump,
technical details. Feb., 200

total, report of patient surviving for
eight years, Aug., 934

Strictures of esophag 1s, June, 735
Subacromial bursitis, Aug., 836

· Subcoracoid pectoralis minor syndrome,
Aug., 824

Submaxillary neck dissection, Feb., 107
Subtrochanteric osteotomy in ununited

fractures of femoral neck, Feb., 245
Sudeck's syndrome, June, 780
SuUonamides, administration, renal
function and, June, 673

Suprahyoid neck dissection, Feb., 107
Supraornohyoid neck dissection, Feb.,

107
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Supraspinatus tendon, rupture of, Aug,
839 A ·¡Surgical diagnosis, symposium on, .pru,

271
teclmic, symposium on, Feb., 1

Sutures, cotton, in vaginal plastic opera­
tions about bladder and urethra,
Oct., 1221

in facial surgery , Feb., 7
Syme amputation, indications, April,

422
Sympathectomy, lumbar, effects, Feb.,

67
far congenital megacolon, June,

645; Oct., 1183
indications, Feb., 59
technic. Feb., 56

transthoracic, technic, Oct., 1109
total thoracic and partial to total lum­

bar, and ce liac ganglionectomy in
treatment of hypertension, Oct.,
1109

Sympathetic dystr ophy, reflex, June, 780
Syntropan in megacolon, Oct., 1183
Syringomyelia, protruded disk and,

differentiation, April, 278

TANTALUM cranioplasty, Feb., 33, 48
in postwar period, Aug., 841
teclmic, Aug., 844

Technic, surgical, aseptic, historical as­
pect, Oct., 1035

symposium on, Oct., 1035
symposium on, Feb., 1

Temperature elevation, postoperative,
effect of ultraviolet irradiation of air
at operation, O·t., 1078

Teratoma, mediastinal, anteri or, April,
289

of spinal cord, protruded disk and,
differentiation, April, 276

Thiamine chloride in trigeminal neu­
ralgia, June, 775

Thigh, amputations, sites of election,
April, 498

Thoracic. See Chest.
Thoraco-epigastri c flaps, Aug., 903
Thoracotomy, complications observed

during operations on svmpathetic and
vagus nerves, Oct., ll08, lll8

Thorek's mastoplasty, Oct., ll03
Thromboplebitis, acute, pain in upper

extremity caused by, Aug., 808
postoperative, June, 707

Thymus, hypertrophy and tumor, diag­
nosis, April, 287

Thyroid gland, carcinoma, total thyroi­
dectomy in, Feb., 100, ll0

surgery, technical aspects, Aug.,
906

Thyroidectomy, indications , Fe
echriié, satísfacjoy méííái;

surgeon. April, 457 ung
subtotal, Feb., 93
technical aspects, Aug., 903

technic, Feb., 9.; Aug., $06
total, in carcinoma of thyroid, Feb.,

100, 110 '
indications for, Feb., 99

Thyroid-parathyroid tumors of medias.
tinum, April, 287

Tic douloureux, June, 774
Tinel's sign, April, 438
Transfusions in majar surgery, factors of

safety, June, 682
reactions, June, 682

allergic, June, 687
circulatory, June, 687
febri le, June, 687
hemolytic, June, 682
Rh factor in, June, 686

use of stored blood, June, 689
Trichlorethylene inhalation in trigeminal

neuralgia, June, 775
Trigeminal neuralgia, treatrnent, role of

minor procedures in, June, 774
Tuberculosis, intestinal, June, 585

surgical treatment, June, 656
of colon, Feb., 184

surgical treatment, methyl metha­
erylate plombage in, Oct., 1060

pulmonary, treatment, bronchoscopy
in planning, April, 292

Tumors, genitourinary, pathology of,
Oct., 1257

of bladder, Oct., 1209
pathology, Oct., 1265

of bone, diagnosis, April, 410
of brachial plexus, pain in upper ex­

tremity _due to, Aug., 829
of brain, orbital tumors associated

with, Aug., 874
of breast, diagnosis, April, 319
of colon, malignant, Feb., 186
of duodenum, malignant, Feb., 163
of eso_phagus, roentgen diagnosis,
April, 316

of kidney, pathology, Oct., 1257
of large intestine, terminal portion,

malignant, Aug., 968
of mediastinum, neurogenic, Feb.,

134
of orbit, lymphocytic, malignant,
Aug., 871

of parotid gland, April, 480
of scalp, malignant, Aug., 859
of spinal cord, ruptured lumbar ínter­

vertebral disk and clifferentiation
April, 274, 279"" "

of ureter, pathology, Oct., 1265
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ULcEn , gastrojcjunal, June, 751

peptic. See Peptic ulcer.
Ulcerative colitis. Sec Colitis.
Ultraviolet irradiation of air, Oct., 1049,

1073
results in chest surgery, Oct.,

1075
Uremia following surgery of right colon,
June, 628

Ureter, dilatation, following large bowel
surgery, June, 695

injuries, in large bowel surgery, June,
702

tumors, patholoav, Oct., 1265
Uretero-intestinal anastomosis, bilateral,
and complete cystectomy, Oct., 1215

Urethra, diverticula, repair, technic,
Oct., 1227, 1228

vaginal plastic operations about, cot­
ton sutures in, Oct., 1221

Urethritis following large bowel sur­
gery, June, 701

Urethrocele, repair of, cotton sutures in,
Oct., 1224

Urethrofistula, perineal, following large
bowel surgery, ]une, 701

Urinary calculi, formation in bedrest pa­
tient, April, 444

tract, lesions, unnecessary abdominal
operations for, Oct., 1247

tumors, pathology, Oct., 1257
Urologic complications following large

bowel surgery and their management,
June, 695

Utorus, carcinoma, total abdominal hys­
terectomy for, Au., 1022

VAGINAL plastic ope:ations about blad­
der and urethra, cotton sutures in,
Oct., 1221

Varices of esophagus, rocntgen diag­
nosis, April, 318

Vagotomy, transthoracic, Oct., 1116
Varicosities, spinal, protrucléd disk and,

clilferentiation Aprll 276
Vascular disease, peripheral, pain in up­

per extremity causccl by, Aug. , 806
Venography, April, 340
Venous insufficiency, chronic, pain in

upper extremity caused h Aug. , 809
Vertebrae, cervical, injury or disease,

pain in upper extremity due to, Aug.,
834

Vesicovaginal fistula, repair of, cotton
sutures in, Oct., 1224

Vitallium in cranioplasty, Feb., 47

WALKING lessons after débridement of
knee joint for arthritis, Feb., 265

Wilms' tumor of kidney, Oct., 1261
Wouds of abclomen, penetrating, Oct.,

1152
of rectum. perforating, April, 397
surgical, "unexplained" infections in,

control of, Oct., 1071

Z-PLASTIC operation, Feb., 17, 18
Zygomatic bone, fractures, Feb., 11









CHRISTOPHER'S
Textbook of
SURGERY
Fourth Edition

Dr. Christopher has brought to­
gether 201 American teacher­
specialists for thisFourth Edition,
thus retaining in ali respecta the
authority and excellence which
has made this the outstanding
one-volume work on Surgery in
the English language. Every im­
portant surgical disease and con­
dition is taken up by these great
authorities covering completely
etiology, pathology, symptoma­
tology, diagnosis andbothmedical
and surgical diseases and con­
ditions.
This book covers both general and
special surgery, giving under one
cover one of the most complete
and comprehensive discussions of
surgical principies and their ap­
plication to be found in any
language. Authority, clarity, or­
derly arrangement, excellent bib­
liography, 1483 illustrations on
762 figures, and full details of
step-by-step surgical technic all
combine to make this one of the
most necessary books in any sur­
geon's or practitioner's library.
By 201 foremosl American Authorites.
Edited by FrEDEHICK CHRISTOPHER,
B.S., M.D., F.A.C.S., Associate Pro­
fessor of Surgery, Northwestem Uni­
versity. 1548 pages, 6!" x 9}', with
1483 illus trations on 762 figures.

Please send me Christopher's
Textbook of Surgery. Charge
the $10.00 to my account.

Name-----------­

ddress-



Jones and Shepard's
Atlas of Surgical Ana

267 Illustrations on 139 Figures, 153 in colors

The sound, fresh anatomical knowledge so much needed by every
doctor is beautifully presented in this Atlas of Surgical
Anatomy. It has been prepared by Tom Jones and Willard C.

Shepard-two eminent medical artists whose talents and deeply­
grounded anatomical knowledge have been combined to produce an
atlas that attains the maximum of practical value with artistic
expression.
The work was produced at the instance of the Committee on Surgery
of the National Research Council and the truly magnificent illustra­
tions, particularly lhe great number in color, make the book an inval­
uable aid in recognizing anatomical features likely to be involved in
any operation in any part of the body, from head to feet.
In addition to the anatomical technics, many standard incisions used
in various operations are illustrated. Other important features are
the emphasis that has been placed on surgical considerations and the
strict adherence to both Standard English and B.N.A. terminology,
and the explanatory index which actually is a combination of index
and glossary.
The entire presentation is through the eye. It is all illustratiops, he
only text being the explanatory legends and the labeling of' hevirious
anatomical parts right on the illustrations themselves. •
This very unusual atlas-and there has beeri nothing like it published
in many yearswill appeal strongly not alone to every surgeon, but
to general practitioners and specialists as· well.
An Atlas of Surgical Anatomy. By ToM JoNES, Professor oí Medical and
Dental Illustration and Head of Department of Illustration Studios, University
oí Illinois Medical School, and W. C. SHEPAnD, Art Editor, W. B. Saunders
Company. 198 pages, 8" x 10¾'', with 267 illustrations on 139 figures, 153 in
color. $5.00. (Also available in convcnicnt pocket sizc, 5¼" x 7¾". $3.00.)

W. B. SAUNDERS COMIPANY, Philadelphia and London
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