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Introduction

ne renueatiox of this velume marks a distinet change in the policy of the
Tcdilnrs and publishers of Nefson’s Loose-Leaf Surgery and consequently de-
senes an (“p]ﬂ".’lli("].

The present volume represents the initial effort in this direction. Instead of the
loose-leaf form, a bound volume is to be offered annually, This volume will con-
tain monographs on significant surgical subjects of varied interest, covering the
field of general surgery as well as the specialties of gynecology, orthopedics, and
urology. Subjects to be covered will be those in which recent and signal advances
have been made, but material wlich is still in an experimental or questionable
stagge will be deferred until reasonably conclusive work has been done.

The initial volume presents a group of papers on topics regarding which there
is a fair degree of unanimity of opmion, No attempt has been made to correlate
the various subjects discussed. In future solumes, however, the editors hope to
present several monographs on related subjects or on the same subject considered
from different points of view In this manner, the previous set of volumes will
eventually be completely replaced

Particular attention has been directed toward the adequacy and significance of
the material published about the surgieal specialties, and an associate editor has
heen appomted for each The men selected are outstanding in the felds for which
they are responsible, and include Dr Charles B, Huggins as Associate Editor for
Urology, Dr. J. V Meigs as Associate Editor for Gynecology, and Dr. A. R. Shands,
Jr., as Associate Editor for Orthopedics.

It 15 to be hoped that this new purpose will be adequately fulfilled and that
Nelson’s Monographs on Surgery will prove valuable in the better understanding
of currently sigmficant surgical topics.

B. Noraxp Carten, M.D,
Eprror
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Chemotherapy in Surgery

W. A. ALTEMEIER, M.D.

TRICTLY <0 akise, chemoatherapy is the treatment of discase by chemical agents,

but the conception of the term at the present tane 15 usually hmited to the
admmistration of chemieal agents shich are capable of selectively mhibiting or
destroying, 1he growth of micecting micro-arganisms in vico without marked or
senious toue effects on the host The sfecting g may be pathog,
bacteria, viruses, sprrochetes, Rickeltsia, yeasts, fungi, or parasites In the decade
1920 to 1930 the treatment of mfedtsons by chemical agents was in gencral
disrepute, but dunng the past 153 years successful chemotherapy not only has
become a reahty but even a benefical inflisence on practically alt branches af
surgery.

HISTORY

Throughaut us lustory, surgery has advanced lasgely through important contri-
butions made by the sanous basic sciepces  Philosophy, anatomy, | a7y,
physiolagy, bactenology. and biochemstry have cach i turn contributed to its
development. With the onset of the hactessologic era and the establishment of the
bacterial concept of mfection, physicans, bacteriologists, and chemi began
thewr search for chermical agents which would contral infection by destroying the
bactena in the tissues. They found many which killed bacteria in titro even in
tugh dilutions, but the sery qualities which made them bactericidal cavsed them
also to be tovic to human tissues, usvally producing redness, swelling, induration,
delayed heahng, and often an mereased incidence of wifection, So universally true
was this, that as late as 1933 the goal of chemotherapy was still a dream 1 the
minds of surgeons Before that tume, hawever, Jerabst preliminary experi-
mental work wihich was to permit the reahzation of this dream had been done.

Although chemotherapeutic agents had not been developed for clinical use
the existence of such substances has heen known for many years The effect o[,
quinine on malania has been recogmzed for a long time, and as far back as 1877
Pasteur and Joubert had observed bactenal antagomsm between certain air:
borne bactenia and the anthrax bacillus, the growth of the latter being inhibsted
b‘. + f~emer They had also suggested that it might be possible to use
t [ * * ~f eertain snfections. Later Emmerich and Loew

€ o - . . v oevanase from cultures of
. . R Catatg,

aon Ot W . - a

ohviously due to the .. s t . i

Properties, pyacyanase has never become a. . " Lt ‘
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4 MONOGRAPHS ON SURGERY

Paul Ehrhch was an important pioneer in the feld of chemotherapy. After
many yewrs of expenmentation, he found trypan red which destroyed trypan-
osomes and salvarsan, which had « se!ecme eﬂ'ect on the spirochete of syphilis,
In 1908, Gelmo syntt d p ide and in 1909, Herlein,
in co-operation with others at the 1 G. Farbenmmdustrie, synthesized the first azo
dyes which contaned the sulfonamide group. When these dyes were tested,
those having the sulfonamde group were found to be supenior in color fastness to
those which did not The possibibity that these pounds might react with
bactenal protoplasm was suggested and experiments were undertaken to deter-
mune whether or not they possessed antibactenal activity. In 1813, Eisenberg
demonstrated that they did Heidelberger and Jacobs concluded that para-
amino-henzene sulfonmmide was bactericidal, and they reasoned that it might
be hberated m the tissues in the metabohsm of the sulf de, chrysoidin.
However, the full significance of these early observations was not realized

Whale he was serving as a Bratish medhical officer in World War I, Fleming (1915-
1018) became miterested m the antibacterial power of leukocytes contained in
pus from wounds Hs search for a differential antbacterial agent was unsuccess-
ful at that tume, and he also learned that the destruction of leukocytes by wound
antiseptics often robbed the body of one of its natural protective mechanisms.
Later, 1 1922, he described lysozyme, a rather potent antbacterial ferment which
was of academic mterest only.

In 1924, Gratix and Dath described for the frst time another antibactenal
substance known as actmomycetn, which was produced by certain stramns of
the Actinomyces.

In 1928, Fleming, while workmg with staphylococcal vanants, made the
important observation that the bacteria on an agar plate immediately about
a contammating coony of a mold had undergone spontaneous lysis, Many
bactenologsts had undoubtedly thrown away similar contanunated culture plates
without recogmzng the significance of the bactenal antagomsm which was
ocewrring However, to Fleming the appearance of the culture plate was such
that he thought that it should not be neglected, and he began to investigate its
sigmficance He determmned that the mold belonged to the genus Penimillium,
and he preserved it by subculture, In broth fltrates of the mold, he demonstrated
the presence of an active principle which he named penicillin. By extraction,
Fleming produced pemallin 1n an impure form with remarkable selective anti-
bacterial properties It inlubited the growth of a vanety of gram-positin e bactena,
but was essentially meffective aganst gram-negative bacteris, including B. coli
and H mflucnzac Flemng uthzed the active principle of peniclhn in broth
fltrates m huis laboratory to elmmnate gram-positive bacteria from the gram-
vegatne m ifferential culture work, and he made certain obsenations which
showed that this agent was relatively nontoxie for animals and their cells, includ-
ing the Jeuhocytes After suggesting the potential value of this agent m chnieal
medicine, Fleming was the first to use it for irmigation of infected conjunctivae
and large wound surfaces in human beings. No evidence of ixritation or toxicity
follow ed toprcal use of the broth filtrates in this manner,

Clutterbuck, Lowell, and Raistrick, in 1932, were successful in growing the
mold on synthetic media, but they could not extract penicithn from the hquid
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in a stable and purified form. In 1935, Reid in America reported antibacterial
activity of broth cultures containing pemeillin, Fleming originally thought that
his mold was Penicillium rubram, but later it was identified as Pencillium notatum
by Thom who performed his studies at the request of Clutterbuck and his col-
leagues at the University of London, The development of penicillin then beeame
stationary for the following seven years.

Meanwhile, work on the sulfonamide compounds continued at the 1. G.
Farbenindustrie, and in 1932 a German patent was obtained by Klare and
Mictzseh which covered prontosil and other azo dyes containing the sulfonamide
group. At this time, the Germans under Professor Harlein assembled a group of
imvestigators consisting of Domagh, Mictzsch, and Klare in the Elberfeld Labora-
tory of the I G. Farbenindustrie in an attempt to find some chemical agent which
had a selectine action on streptococei in anticipation of the coming of World
War I1. As a result of their investigations, they observed in 1932 that an azo dye,
the hydrochloride of d-sulphamido-2:4 diami zobenzol which was known as
prontosil, had a selective action for hemolytie streptococed in experimental infec-
tions of mice. Domagh's observations were not published until 1935, and imme-
diately thereafter they led to the extensive use of this drug in human infections.
For this he was offered, but refused, the Nobel Prize in Medicine.

Trefonels, Nitti, and Bovet of the Pasteur Institute also demonstrated in 1935
that in animals the azo dyes were split at the azo linkage, and that prontosil yielded
para-amino-benzene sulf le, the compound originally synthesized by Gelmo
in 1908. They postulated that para-amino-benzene sulfonamide was the active
therapeutic portion of prontosil, and Fourman proved this experimentally in
1936. English mvestigators then became interested i the possibilities of the
sulfonamide-containing azo dyes, and the reports of Buttle in 1935 and of Cole-
brook and Kenny in 1936 stimulated widespread interest in the compounds in
Europe and America. Well orgamzed clinical studies quickly revealed its practical
value. The Counail on Pharmacy and Chemistry of the American Medical Asso-
ciation reported on par: ino-1 ulf de in 1937 and suggested that
1t be named sulfanilamide.

The discovery of the sclective effect of prontosil reopened the whole field of
chemotherapy and stimulated intense activity among chemists and pharmacolo-
gists in an cffort to produce new and related compounds having greater anti-
bacterial activity, improved pharmacologic properties, and lower toxicity, Of the
many sulfonamide compounds that were synthesized, only 2 few were suitable for
clinical tnal or actual use, and most were eventually discarded.

At the Rockefeller Institute for Medical Research, Dubos in 1939 found that
the Bacillus brevis, an aerobic motile spore-forming organism 1solated from soil,
produced a highly bactencidal substance for gram-positive organisms which he
named tyrothricin Subsequently, he showed tyrothricin to be a mixture of
tyr(?C}dxne and gr: idi, so named b of its hngh activity against gram-
positive bactenia, and 1n memory of H.C J. Gram. However, the material was
found to be extremely toxic for expenimental ammals, killing them in a matter :)f
seconds after mtravenous admimistration, This fact limited ijts uSefulne;s as
Chir[notherapeutic agent to local applications in small quantities.

eanwhile, Florey and Ius associates at the Willam Dunn School of Patho]ogy

a
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at Odord, England, had been interested in antibiotic substances since 1929, when
they had begun studies on lysosyme discovered by Fleming in 1922. Their
i gations of this sub were abandoned when jt was leamed that it
behaved as an enzyme and that it was not very effective against pathogenic
bactena Florey and Cham decsded to make an intensive survey of naturally
produced anttbacterial substances in 1938, Among the first antibiotic substances
investigated briefly by them were the products of B. pyocyaneus, After many
unsuccessful attempts to find an effectne antibacterial agent, they decided in
1939 to examine penicillin, despite the earlier reports that it was very unstable.
Dubos” work at this time had also stimulated therr interest mn the study of anti-
bacterial agents of biologic ongm. The earlier observations of Fleming, Clutter-
buck, and others that the activtty of p M could be ined in the original
media for several weeks indicated to Florey and Chain that the agent would not
be too unstable to warrant wnestigation. In August 1940, the results of this
co-operative study on pemallin by Florey, Chain, Abraham, Gardner, Heatley,
Jenmings, Orr-Newing, Saunders, Fletcher, and Florey, along with a number of
surgeons and physicians, were published The report included details of their
methods for the purification of penicillin, their msestigations of its antibactenal
properties 1 titro, and thewr observation of its therapeutie effect in animals.
These imvestigations were remarkable also t they were phshed under
the stringencies imposed by the darkest moments of World War 11, in which the
British were then engaged One of their chief difficulties was the large amount of
culture material required to produce enough penicitlin with which to treat one
patient

In 1941, the same group of investigators described the preparation of a fairly
well punified praduct of pemaillin and included the first reports on the possible
clinical value of the matenal, After several months’ work, they had obtained
enough matenal for injection in a human hemg This first injection was followed
by a reaction of the patient, ncluding chills and fey er, which they found to be due
to ympurities and not to pemeciilin. In addition, they were able to reclmm the
penicdha in a fanly punified state from the urine of one of the early patients,
indicating that passage through the human body resulted n purification.

The intensive bombmng of England and the stingencies imposed by lmuted
personnel, space, and materials made 1t imposstble for the Englsh to produce
pemallin n great quantities Accordingly, in the summer of 1941 under the
sponsorship of the Rockefeller Foundation, Florey and Heatley visited the
United States to stimulate mterest in peniailin and to secure help in the problems
mvobied m 1ts large scale production They consulted the individuals most

11n ch herapy and logy, meluding Charles Thom, the principal
micrologist in the United States Department of Agriculture at Washington,
DC. the Commuttec on Medical Research of the Olfice of Scientific Research
and Development, and Coghull of the Northern Regional Research Laboratory of
the Department of Agriculture Arrangements were made for consultation with
various ! houses i 1 1n the develop of penicillin, who then
undertook 1n earnest ats large scale production After fus return to England,
Florey conducted chimeal studies ou the battlefronts 1 North Africa and Sialy.
Fleming and Florey were later kmghted by King George V1 of England for their
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oubtandmg comrbmtions o the pds of Bacteral otection in the armed
Fetces and eivalian population
Mthough the credit o the devednp ot of pemathn o primarily to the
Baitrh i estigaton, same fotered mopo i had been prooent in the Umted
States dring e wime ot Read baed cadied brath kit containing peni-
ailfinn and attempted t bolate the aetine sulntance I distiflation at Jow temperas
e in 1935 1 1930 Bomatem reported on the antihactenal sction of penicitlin
in beoth flestes and fn May 1011 @ fash active pseparation of pesiciflin was
reparted by 2 gronp a1 Colambia Uanerats mehdingg Dasson, Meyer, Hobby,
and Chaflee
The Nationad Rewestth Counel's Commttee on Chemotherapeatic and Other
Agents, compesed of Keefer, Blibe, Lackwoad, Marsball, and Wood, began in
B2 10 organize antd wpervse stiudies throughout the United States an penicillin
and other agents which sght be saluable m the treatment of susceptible bacterial
infretions, p.nm-m.ul\ those ;mrmp‘xlvd wwar \ group of aceredited Asmerican
Investigators warkimg, m o pumber of medieal centers was appointed by this
commttee, 1t tncluded Altemeser. Blumficld, Dawson, Elmond, Hershfield, Hors-
fall, Hutter, Laoms, Mahoney, MeClure, MoRhann, Meleney, Nelson, Parks,
Richards, Robh, Smith, Spmk. and Tillett
In 1912, Wakaman and Woodndfl recorered another antibacterial agent, strep-
tothriom, from cultures of Steeptomyees latendulae, This substance was shown to
hare o selective bactenostatic action against a sarncty of gramenegative and
gram-posttive hacteria. Unfortusately, it produced o delayed toricity, causing the
death of mice several days after mjection, a phenomenon even more marhed in
Larger angsnals such as the movkey Waksman and lis associates then tumned to
other refated argamsms, and m 1941, Waksman, Bugie, and Schatz succeeded in
growing Streptomyces prisens, an organism previously isolated in 1916, from
heavily manured field soil, on special media and found that it produced a highly
effectnn e antthacternal substance which they called steeptomyein, This agent was of
particular mterest because it cxhibited 1 vifro activity against a wide range of
bacteria, mchuding gram-negative as well as gram-positive organisms. It also
libnted the growth of the Mierobacterium tuberculosis in a dilution of 1:30,000,
Like pemetlin, the parenteral admuustration af carly preparations of streptomycin
caused reactions which were disturbing. These included flushing of the face,
throbbing headaches, nausea, vomitmg, jomt pains, skin rash, and drag fever
whieh ocewrred after two or three days of treatment. More highly purified
preparations from which the impurities were climmated did not cause these acute
reactions
Meleney, Johnson, and Anker seported n 1945 the discovery of another

antibiotic agent produced by the Tracey strain of Bacillus subtilis which was
recovered 1 May 1943 from a cultwre of debnided tissue removed from a com-
pound fracture in a patient whose name was Tracey. Their studies indicated that
bacitracin was neutral, water-saluble, nontoue, and velatively heat-stable, Baci-
tracfn' was shown to have a wide antibactennal specttum similar to t.hat‘ of
pen'xc.ﬂhn, being effective against many strains of the large group of gram-
positive hacteria.

In Februaty 1046, Bacillus aerosporus, an organsm isolated from the soif of an
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English market garden during a svstematic program for the antibiotic screening
of soil bactena, was found by Amsworth, Brown, and Brownlee to produce a new
anhibiotic substance highly active against gram-negative bactera. The organism
was identified by Proom as Baclus acrosporus, and the antibactersal substance
was ongmally designated as aerosparin. Stansly and others reported the extrac-
tion of polymnon from cultures of Bacilius polymixa. However, 1t has beca
bhished that the Baclus aerosporus, originally found in Chicago tap water by
Greer, and the Bacillus polymixa are the same. Several antibiotics derived trom
Bacillus polymixa have been differentiated, Those originally desenibed by the
British workers were formerly designated as aerosporm, bacillosporin A, bacille-
sporin B, ete, Recently, howeer, st has been agreed among the puncipal investi-
gators that the various antibiotic agents derhved from Bacillus polymive hence-
forth will be designated as polymisen A, polymivon B, ete The most promising
one, aerosporin or polymiron B, has a lughly selective antibacterial activity for
gram-negative orgamsms 1t has not been adopted for general climeal use because
of some toxie mamfestattons which have occurred and because of the current
availability of streptomycin which 15 supenior m its action 1 many respects.

Anreomyem 1s an antibiotic recently dertved from a strain of Streptomyces aureo-
fasctens. It has been found to be active agaiust 2 large number of bacteria i vitro
and has shown considerable promuse w the treatment of a variety of clinical and
epernmental wmfections, particalarly those resistant to peneilhn, sulfonamides,
and streptomyein, and various rickettsial and virus infections. Two of its advan-
tages mclude ready absarption after oral admiwstration and considerable anti-
bacteral action tn vitro agamst a wide range of gram-posith e and gram-negative
bacterta From all present indications, this antibiotic agent is a valuable addution to
the field ot chemotherapy.

Chloromyeetm 1s another promustig new antibiotic agent which has been
denved from a soil actmomycete, Streptomyces renezuelae, originally isolated
from a sample of sol collected m 2 mulched field near Caracas, Venezuela, When
the organism was grown in liquid media, it produced a substance with marked
antibactenial actiity agamst a large number and sanety of micro-organisms.
Biologic studses showed its spectrum to include effective whibtion of various
gram-negatne bactll meluding H. pertussis, B coli, Brucellus suis, Brucellus
melatensis, E typhosa, Proteus elgarts, and Salmonella. It showed less activity
against the tubercle bacitlus and was least active agamst the gram-positive cocei
In some gram-negative bacillary imfections, it has been more cffectine than
streptomyan It has no value m protozoan or fungus infections. Like aurcomycin,
it mav be given effectnnely by mouth Chaseal studies have also mdieated sts
value 1 the control of certan virus and nickettsial mfections, It kewise appears
to be a valuable addition to the field of chemotherapy.

The search for new chemotherapentic agents contmues at an aceelerated pace
and m a rather systematic manner At the present time, the tendency is for many
diffcrent groups of imestigators to specialize on certain groups of bacteria or
plants as possible sources of new antibacterial compounds. Up to February, 1949,
over 160 antibiatic agents have been desenbed, and uncounted others are under
myvestigation The exploitation ot the therapeutic possibilities in the field of
chemotherapy is obviously still in a prel y degree of devel .
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GENERAL CONSIDERATIONS

Chemotherapeutic agents may be cither of biologie or non-biologic origin.
Compounds which are derived from living cells and are destructive for other
living cells are designated antibiotic agents or antibiotics. Strictly speaking, the
term antibiotic means “against or destructive of life,” but recent developments
have restricted the term to antibacterial agents derised from living molds, bacteria,
yeast, and other animal cells,

The chematherapeutic agents of non-biologic origin include various organic
and morganic chemical agents, the great majority of which are produced synthet-
ically. 1t is significant to note, however, that man has been much less successful
in making antibacterial agents than nature. From all the synthetic compounds
of the heavy metals, ovidizing agents, coal tar derivatives, phcnols, azo dyes, ols,
ete., he has developed only a few which can be dlassified as chemotherapeutic
agents, and none of these is as effective as the better antibiotic compounds. The sul-
fonamides are the most important agents of non-biologic origin thus far discovered.

Chemotherapeutic agents of biologic origin include thase produced by the
Ingher plants, micro-organisms, and higher animals. They may be bacteriostatic,
bactericidal, or both. Their action is selective but their mode of action on micro-
organisms and therr toxic mamfestations vary greatly. Among those of relatively
minor importance which occur naturally in the plant Lingdom may be mentioned
quinine, emetine, and chlorophyl. Of these produced naturaily by a large number
of molds, bacteria, and ycasts may be histed penicillin, actinomycetin, actinomycin,
aurcomycin, bacitracin, chloromycetin, citrinin, clavacin, fumigatin, gramicidin,
pemcillic acid, polymivon, pyocyanase, pyocyanin, streptomycin, streptothricin,
and tyroatdin,

Some investigators maintain that bacteriophage is an enzyme-like substance
closely akin to the chemotherapeutic agents, OI all these, only penicillin, strepta-
mycin, aureomyecin, and chloromycetin are in general clinical use at present, while
bacitracin, tyrothricin, and the polymixons are in limited clinical use. Included
among thase which occur naturally in the animal kingdom are lysozyme, which
is present 1n tears, saliva, and a variety of animal tissues, lactenin, and the active
bactencrdal substance produced by the maggot Lucilia sericata,

The ideal chemotherapeutic agent is onc which possesses a high bacteriostatic
or.bactcnc!da‘l effect for infecting mrcro-organisms such as pathogenic bacteria,
spirochetes, viruses, yeaf(s, fungi, etc., and a low toxicity for the host. In contrast
§o most antiseptics, which act as general Ppre poisons i liately or

irreversibly affecting morphologic structure or metabolic systems ccmmorjl to
living matter, chemotherapeutic compounds possess a selective or specific destruc-

ese metabolic disturbances v
to another Some of the compounds possess bactericidal
of selectivity killing bacteria in vitro Others have bacte
appear to mhibit the proliferative activities of micro
b rent et nctons o

¢ ly fluids and tissues 1s accom
other immunologic responses, It is not

ary from one compound
properties, being capable
riostatic properties which
-Organisms or to interfere
nex that their final destruc-

phshed by phagocytosis or
'y for a chemot} ic agent to
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kill bacteria t viva to be effective, and the therapeutic properties of most of the
chemotherapeutic agents seems to depend largely upon their bacteriostatic activity.

In some instances, the difference between bactenostatic and bacterierdal
activaty, however, is quantitative rather than qualitative, depending upon certain
factors which affect the rate at which irreversible changes occur within the
inhibited cells Dubos stated that the acidic av basic properties of chemothera-
peutic agents for bacteria may influence their specificity or selectne activity, as
may also the nature and properties of the membranes of bacteria, their perme-
ability, the relative viability of their specific biochemical systems, and the activity
of autolytic enzymes. Many gram-negative bacillary farms behave i relation to
chemotherapeutic agents more ke anmnal tissue cells than micro-orgamsm cells.
In regard to the nature of infectious agents, there 1s considerable evidence to show
that bacteria, spirochetes, and protozon are far more susceptible to chemothera-
peutic agents than are Rickettsta, uruses, and fungi, The microcacer as a group,
bath gram-negative and gram-positive, are more ptible to antibacterial
compounds than the bacilli

PHARMACOLOGIC AND THERAPEUTIC CONSIDERATIONS
OF THE AVAILABLE CHEMOTHERAPEUTIC AGENTS

Although an almost less number of ch ! agents of biologie and non-
biologic origin have been shown to exhibit antimicrobial activity in vitro, only a
few retain this property in vwo and are sufficiently low m toxiaty to warrant
their use as chemotherapeutic agents for the control of mfectrous lesions. The
pharmacologic and therapeutic aspeets of the varions chemotherapeutic agents
will be discussed in detai}, those whose chmcal value has been well established,
and those which are under mtensive investigation at the present time. The anti-
bactertal compounds that will be comsidered are the sulforarmdes, pemerllin,
streptomyem, aureomyamn, chloromycetin, bacitracin, and polymixon. Another
group of antibiotic agents which apparently does not have great clinical poten-
tualittes will be described briefly

SULFONAMIDES

Of the many th is of ds of nonbiol arigin synthesized after
the demonstration of the ant:streptococcnl activity of prontosil m 19321935 m the
search for more effective and safer antibactersal agents only a few were satisfactory
for chnical trial and actual use, Only sulfanilanude and several of 1ts chemucal
denvatives or closely related compounds have been used widely in chnical
practice

The sulfonamides as 2 group are essentially bacteniostatic compounds of rela-
tisely Jow solubility, marked selective antibacterial action, and variable toucity

‘The mode of achion of the sulfonamides is not that of a bactericide or of an
antiseptie, but that of a bactertostatic agent which everts sts effect on bacterial
metabolism and minbits bacterial growth The observation of Colebrook that
these agents were bacteriostatic rather than bactericidal, except for very small
inocula of organisms, has been confirmed repeatedly by many other workers in
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this field. Lockwood and his associates concluded that sulfanilamide altered the
total metabolism of the micro-organism and produced a striking depression of its
imasive properties. In support of this theory, it has been abserved that the
sulfonamides are most effective at a time when the micro-organisms are growing
most rapidly. The important cffect of the sulfonamides is in the tissues, and they
must be absorbed in order to influence invading and proliferating agents of
disease.

Absorption of the important sulfonamides oceurs readily after oral, intravenous,
subcutancous, or intramuscular administration, Once they are absorbed, the
sulfonamides are all very diffusible, appearing rapidly in the body fluids, wound
cwndates, cerebrospinal fluid, and unne, Within the body a certain proportion of
cach of the sulfonamides is inactivated Dy the process of acetylation which takes
place m the Iner. Nielatively insoluble acetyl derivatives are thus formed which
may be preapitated in and cause damage to the kidneys. Each of the sulfonamides,
when given systemically, scems to have deleterions effects as well as therapeutic
value, and it is essential to have a complete and detailed knowledge of their action
before therr extensne use is undertaken. The original sulfonamide, prontosil, is
rarely used in this country at this time.

Sulf ide, known cl lly as para-amino-benzene-sulfonamide, is the
parent sulfonamide. It 1s the amide of sulfanilic acid.

Ttas a white erystalline substance with a slightly bitter taste. It is soluble in hot
water, liot alcohol, and acetone; shightly soluble in cold water (0.8 to 1.0 per cent),
and cold alcohol, and insoluble in benzene, chloroform, and ether. Sulfanilamide
is an amphotenc material which 1s capable of forming salts with both strong acids
and bases. Its melting point is 165° to 167° C. Sulfanilamide has practically been
discarded in favor of 1ts later derivatnes because of its relatively limited activity
and 1ts relatively lugh toxicity. The tendency to produce severe cyanosis, dyspnea,
hemolytic anemia, central nervous system symptoms, and oceasionally liver and
hidney damage has inlibited its use. Because of its relatively greater solubility,
sulfalamide still finds imited use among some surgeons for topical application.
Sulfanilamide, as well as all of 1ts important compounds, has been found to have
no effect on immune body formation.

Sulfapyndme was the first derivative to receive wide clinical use,
chemically as 2(p-amino-benzene-sulfonamide) pyndine,
lgito 15 a tasteless, \\ihite, crystalline compound with a melting point of 191° to

C and a solubility of approximately one part in 1,000, being,
one-tenth as soluble as sulfamlamide Tt is 0.25 per cent sol
aleohol and soluble 1n acetone It forms water-soluble
mineral acids. Sodium sulfapyridine 1s the basic salt
gm., m 100 cc. of water. Introduced ornigin:

il ered subcut

It is known

therefore, about
luble in 95 per cent
salts with strong bases and
and it is soluble up to 75
odu ally for intravenous infusion, it has been
usly, intr: larly, orally, and rectally. It h

p t a 8 ad
advantage of greater achwity with lttle or no tend,ency to pro&,uce cya(llros]i‘se
dyspnea, or h.cmolyhc anemia It did, however, produce marked gastro-intestin. \i
syx:p:oms, e‘\}/:(;]ence of cerebral irritation, crystalluria, and evidence of local renzzl
irritation with hematuria and colic resulti; i i 7
ey o ing from preciputation of the drug in the
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Sulfathiazole was the second successful substitution product of sulfanilamide
and 1t is known chemically as 2-para-amino-benzene-sulfonamide-thiazole, or
2-sulfamlyl-aminothiazole

It is a white crystallme powder which is practically odorless and tasteless Its
melting pomnt 15 168° to 175° C, and 1ts solubulity is 96 mg. per 10 cc. of water at
87.5° C. It 1s soluble 1n glacial acetic acid, slightly soluble mn alcohol, and insoluble
1n chloroform, ether, benzene, and ethyl acetate. Its sodium salt has an optimum
solubility of 5 per cent in water and is switable for intiavenous and subcutaneous
admimstration  Although it was found to be more active therapeutically than
sulfapyridme and less toxic, it produced a state of severe sensitization assoctated
with fever, rashes, arthralgia, lymphadenopathy, and liver damage n some pa-
tients Its low solubility also produced complications in the urinary tract due to
crystallization. Occasionally the rapid intravenous injection of the soluble sodum
salt caused incomplete anuria as a result of precipitation of crystals of the uncon-
jugated drug within the kdney tubules.

Sulfadiazine, the pyrumdine derivatve of sulfanilamide, was the third success-
ful derwvative of sulfanilamide. It is known ch lly as 2-sulfanilarmdo-
pyrimdine

It 1s a white crystallne powder which is practically odorless and tasteless, and
which has a melting pont of 253° to 256° C., and a solubility of 0.0123 gm, in
100 cc. of water of 37° C.

It 1s insoluble 1n chloroform and ether. Sulfadiazine is unstable when boiled,
autoclaved, or exposed to the sunhght for prolonged periods Climcal usage has
demonstrated 1t to be the sulfonamude of choice 1 the control of surgical
mfections Its activity is essentially the same as that of sulfathiazole, yet 1t has the
advantage of lower toucity Since it 15 excreted more slowly and since less of the
acetylated form 1s circulated, the concentration of active free drug in the blood pex
guen dose 1s higher and more sustained, Although it 1s only shghtly soluble, 1t
causes fewer and less severe urmary tract complications than does sulfathiazole
The appearance of the drug in the cerebral spinal flid 15 delayed somewhat, but
1t soon reaches and maintains a level of about two-thirds of that found n the
circulating blood In other exudates the concentration approumates that of the
blood Neither sulfadiazine nor its sodium salt 1s absorbed in any sigmficant
amounts after 1ts rectal admmstration

Sulfamerazine 15 a denvative of sulfadiazine which has become very popula
with some surgeons, although 1t has by no means replaced sulfadtazme Chem-
ically, 1t 1s known as 4-methyl-2-sulfamlamideo-pyrimidme

Recently, combnations such as those of sulfadiazme and sulfathuzole or
sulfadiazine and sulfamerazine have been mtroduced under the premise that the
two drugs will affect the kidneys in proportion to therr individual concentrations,
but will exert additive bacteriostatic effect Lehr found that a saturated solution
of one sulfonamide could be fully saturated with another sulfonamide without
causing crystalhization or precipitation mn the solution In short, each drug
behaved as though 1t were present alone, producing no material infl on the

solubility of the other. However, the antibacterial efficiency of such mixtures
has been shown to correspond with the total sulfonamide content. In effect,
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total therapeutic efficiency is retained but renal complications are claimed to he
ne greater than that anticipated with half dosage of one or the nl]ncr‘nf th.c
sulfonamides comprising the mizture, I o bination of sulf les is
considered desirable, that of sulfadiazine and sulfamerazine has been recom-
mended by Long.

Sulfaguanidine, sulfasuxidine, and sulfathalidine are of more recent deselop-
ment and they have a more specialized use. They are poorly absorbed when
given by mouth and are capable of reducing significantly the bacterial content
of the gastro-intestinal tract. Because of this, their chiel use has been in the
prophylactic preaperative preparation of the gastro-intestinal tract.

Sulfamlamide and ats derivatives are hnown to be tovie, but the degree of
tovienty varies with the mdividual as well as the drug, Sulfanilamide gives the
most dnerse tovic effects and sulfadiazine the least in the whole group. A small
dose, fortunately, hias never caused death, even in a hypersensitive individual,
but therapeutic doses can cause tovie manifestations even in the normal indi-
vidual, smee these drugs may interfere with the metabolism of the host as well as
the metabolism of the invading bacteria,

The tovic reaction to the sulfonamides may be immediate or delayed. The
immediate reactions are caused by direct effect on the patient and these symptoms
disappear with the discontinuation of the drug. The remote or delayed effects
are caused by the sensitization of tissues of the patient to the drug. Many of the
tovic manifestations may be senous, while others may not Nausea and omiting,
headache, dizziness, delinum, acrdosis, moderate anemia, marked leukocytosis,
and hematuria are in themselves not necessarily serious, and will disappear
quickly after the drug has been withdrawn On the other hand, drug fever, derma-
titis, hepatic damage, jaundice, acute hemolytic anemia, leukopenia, granulopenia,
agranulocytosis, thrombocytopenia purpura, oliguria, nitrogen retention, arthritis,
conjunctivitis, scleritis, neuritis, and splenomegaly are serious or may become
serious Therr occurrence generally should be an indication for discontinuation
of the drug and mstitution of proper treatment for the toxic manifestations.
Hematuria and functional impairment of the kidney are more common dun‘ng
sulfathrazole and sulfadiazine therapy. Experimental work in the laboratory
mdicates that blocking of the kidney tubules and pelves or the ureters with the
precipitated acetyl Iractions of these drugs plays a role in the production of
this toxic reaction. Irf some instances, permanent renal impairment in the nature
of a tubular nephrosis has been observed following a toxic reaction. Other toxic
reactions which have been described include stomatitis, ocular

disturbances, .Jrkhm\gm, gastro-enteric hemorrthage, and peripheral neuritis.
AgmnulocytOSI.S 15 one of the most severe complications and the chief cause of
(Igleatht Tgertc ll: no E\Lidenc}x: that pentnucleotide is of value in its treatment

epatic disturbances have been g it ;Wi p N

(ha[; with the other su]fonamides.qsmcmted mere frequem]) with sulfanilamide

Once a patient has had sulfonamide fever,
hemolytic anemia, injection of the sclerae, an
rhagica in the course of thera

to have an earlier and more s

again at a later d:

and audstory

dmsh, hepatitis, ]eukopenm, acute
> conjunctiva, or purpura hemor-
py with sulfarulamide or 1ts derivatives, he is prone
evere toxic reaction if the same drug i ini

vere g is administered
ate. In addition, if another member of the sulfonamide group is
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prescribed, a sumilar toxie effect may occur. It is advisable, therefore, to determine
whether or not a patient has previously had a toxic reaction during a course of
therapy with one of these drugs. Generally, 1t is advisable to keep patients who
are receiving sulfonamide therapy out of the direct rays of the sun, and away fiom
ultraviolet or infra-red radiation i order to prevent the complication of photo-
sensitization,

For these reasons, sulfonamide diugs must be administered with caution and
controlled whenever possible by every available laboratory means White blood
cell counts, hemoglobin determination, and urine examinations should always
be done daily for the first three days and then every other day for the first two
weeks of treatment, If hypersensitwity is suspected, it may be elicited by testing
the patient with an oral dose of 05 gm. of the drug or less He should then be
watched for 24 hours for the development of reactions such as headache, nausea,
vomitmg, skin eruptions, and fever.

With the exception of acute leukopenia, the presence of most of the tovic mani-
festations of sulfamlamide or its derivatives which occur in the first two weeks
of therapy usually can be suspected by careful clinical observation, The physician
should visit the patient receiving one of these drugs and should inquire as to his
symptoms Headache, body aches, and malaise are often the precursors of many
of the towc reactions of sulfanilamide or its derivatives. Examinations should be
made of the sclerae for congestion and jaundice, of the mucous membranes for
pallor, and of the skin for rash The temperature should always be taken to
determine whether or not drug fever is present. Once crystals appear i a freshly
voided spectmen during sulfadiazme therapy, it 1s necessary to adopt vigorous
measures to reduce the urinary concentrations of the drug This may be accom-
plisbed by reducing or withholding the compound until the crystals disappear,
by forcing flurds, and by alkalinization of the urme to permt as much as a ten-
fold & m the solubihity of some sulfonamides The danger of sulfadiazine
precipitation m the tubules of the kidneys or ureters may be mnimized by
knowledge of the fact that it oceurs most frequently when the urine 15 acid and
concentrated. The foremg of fluds alone cannot be rehed upon entirely to reduce
the unmary concentrations of sulfonamides, and in tact this procedure may be
contramdicated 1 patients with cardiac or renal impairment. If urinary obstruc-

tion occurs from crystals, prompt action should be undertaken to prevent the
development of uremia. In addition to the increased flnd intake and administra-
tion of alkalis, the mechanical removal of the crystals fiom the uteters by urcteral
catheterization and lavage may be necessary Decapsulation of the kidney has
been tried with hittle or no success. In the author’s expeiience, diug fever is the
most baffling of the touic mamfestations because it is so difficult to know
whether the fever indicates a reaction of the patient to his infection or to the
drug

Clmnical experience has proved that sulfadi; 1s the sulfe ide of choice
for systemic admmistration in surgical infections, However, 1ts misuse and inade-
quately controlled admmstration in all types of infections, both dragnosed and
undiagnosed, susceptible and nonsusceptible, have caused many uanecessary
tovic reactions producing a false impression among some surgeons that it is too
dangerous for practical use. We do not agree with this conclusion, and still
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consider sulfadiazine to be a very valnable agent when it is used in proper dosage
and under adequate laboratory controls Tts correct use revolutionized the man-
agement of many infections, particularly those produced by the hemolytic strepto-
cocei and the pneumococed, and it also is of value in acute gonococcal lesions and
certain mixed infections of the soft tissues and pertoneal cavity produced by
various gram-negative and gram-postine bacteria of the intestinal tract, Its
marhed bacteriostatic action agamst mived florae is often superior to that of peni-
cillin in the usual concentrations which are bwilt up in the blood during therapy.
1ts beneficial cffect in actinomycosis is second only to that of penicillin,

After a considerable period of evperimentation, it has been found that a dose
of 0.1 gm. of sulfadiazine per kg of body weight in 24 Tours divided into six
doses at itervals of four hours will maintain a therapeutic Jevel in the blood in
most cases between 6 and 10 mg per cent For the average adult, 1.0 gm. every
four to siv hours is usually adequate. The dosage should be varied to insure a
lesel in the blood between 6 and 10 mg. per cent. as measured by blood sulfona-
mide level determmation.

Prophylactically, its systemic usc in patients with contaminated wounds involv-
ing soft tissues or bone will prevent the development of spreading or invasive
infection postoperatively in the great majority of mstances, but there s no
evidence that it will decrease the mcidence of local infection. The topical use of
sulfonamides 1s discouraged in this chinic. There 1s evidence that all of the
sulfonamides act as foreign bodies when placed in wounds which are closed
In penctrating wounds of the abdomen at the Cincinnati General Hospital, the
preoperative and postoperative use of sulfadzine has significantly reduced the
percentage of deaths from 31,0 to 8.7. The use of sulfaguanidine, sulfasuxidine, or
sulfathalidine preoperatively and sulfadiazine postoperatively has had a similar
beneficial effect 1 gastro-intestinal resections

Certain disadvantages of sulfonamide therapy have limited its use, however.
These disadvantages include. (1) the inactivation of s bacteriostatic actwvity
by intubitors found in pus, wound exudates, and necrotic tissue; (2) the existence
of bacterial species and group resistance, (3) the inability to penetrate areas of
pus and necross, (4) the development of drug-fastness by many of the infecting
bacteria, (5) the occurrence of tovic reactions 1 some instances especially \vlle;
its admunistration is not carcfully controlled, and (6) occasional manifestations
of drug 1diosyncrasy.

Tt 1s obvious, therefore, that chemotherapy with the sulfonamides must be
used as a valuable adjunct to well-established surgical principles
means for displacing or violating them.

In most serious and mnfed infections, the sulfonamides are used together with
pemetllin and streptomycin m order to achieve as broad a coverage as possible
for'the vanous bacteria, and to retard the development of acquired blzm(en,]
Tesistance, as advocated by Pulaski, ¢

and not as a

P — ANTIBIOTICS

With the mtroduction of penicillin,

many of th ic limitati
sulfonamide therapy were oveseome, O y e therapeutic limitations of

all the available chemotherapeutic agents,
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prescribed, a similar tovic effect may occur. It is advisable, therefore, to determine
whether or not a patient has previously had a toxic reaction during a course of
therapy with one of these drugs Generally, it 1s advisable to heep patients who
are recewving sulfonamide therapy out of the direct rays of the sun, and away from
ultraviolet or infra-red radiation n order to prevent the complication of photo-
senstization,

For these reasons, sulfonamde drugs must be administered with caution and
controlled whenever possible by every available laboratory means. White blood
cell counts, hemoglobin determination, and urine examinations should always
be done daily for the first three days and then every other day for the first two
weeks of treatment. If hypersensitivity is suspected, it may be elicited by testing
the patient with an oral dose of 05 gm. of the drug or less. He should then be
watched for 24 hours for the development of reactions such as headache, nausea,
vomiting, shin eruptions, and fever.

With the exception of acute leuhopenta, the presence of most of the tovic mani-
festations of sulfamlamide or 1its derivatines which oceur in the first two weeks
of therapy usually can be suspected by careful clmical observation The physician
should visit the patient recening one of these drugs and should inquire as to his
symptoms Headache, body aches, and malaise are often the precursors of many
of the toxic reactions of sulfamlamide or its dervatives. Examinations should be
made of the sclerae for congestion and jaundice, of the mucous membranes for
pallor, and of the skin for rash. The temperature should always be taken to
determine whether or not drug fever 15 present. Once crystals appear mn a freshly
voided specimen durmg sulfadiazine therapy, 1t is necessary to adopt vigorous
measures to reduce the urinary concentrations of the drug This may be accom-
plished by reducing or withholding the compound until the crystals disappear,
by foraing fuds, and by alkalimization of the urmne to permit as much as a ten-
fold in the solubility of some sulfe les The danger of sulfadizzine
precipitation 1 the tubules of the kidneys or ureters may be minimized by
knowledge of the fact that it occurs most frequently when the unue 1s acid and
concentrated The forcing of furds alone cannot be rehied upon entirely to reduce
the urmary concentrations of sultonamudes, and m fact this procedure may be
contramdicated in patients with cardrae or renal impairment If unnary obstrue-
tion occurs from erystals, prompt action should be undertaken to prevent the
development of uremia In addition to the increased fluid intake and admimstra-
tion of alkahs, the mechanical remos al of the crystals from the ureters by ureteral
cathetenization and lavage may be necessary Decapsulation of the kidney has
been tried with little or no success In the author’s expenience, ding feser 1s the
most bafiling of the toxic mamfestations because 1t 1s so difficult to know
shether the fever indicates a reaction of the patient to his infection or to the
drug

Clinical expertence has proved that sulfadiazme 1s the sulfonamide of choice
for systemic admmistration in surgical infections. However, 1ts misuse and inade-
quately controlled admmistration in all types of infections, both diagnosed and
undiagnosed, susceptible and nonsusceptible, have caused many unnecessary
toxc reactions producing a false 1mpression among some surgeons that it is too
dangerous for practical use, We do not agree with this conclusion, and still
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s that cell disision did net take place, the Bacteria were not killed by penicillin,
but that they were hitled when conditions were such as o permit cell division,
These and other experiments indieated that the action of peoicillin is cither bac-
teriostatic or bactericidal, depending upon the existing conditions, 1t apparently
inhibits the growth of organisms by interfering with their process of division.

TABLI 1

e s Acmvan in Vitre Stssitne
MICRO-ORGANISMS

Gonococetts Clostridum botulinum
Meningocoeens Clostridium e clchil
Steeptococtas Clostridium histolgticus
homolytic Clostridwm septique
windans Clostridium snnlr‘“
micro-acrophihic Clostridium ocdematicns
anacroine Clostridium sporogenes
Staphy Jocoecns Clostridium Infermentans
Auretts Bacillus dphtheriae
atbus Bacillus pscudodiphtheriae
anuc robie Lactobacillus
Micrococd Crytococcus hominus
Prewmococcus Sparillum minus
Bacillus subtilis Streptobacillus moniliformis
Bacillus anthraxis Trepronema pallidum
Actinomyces houis Bacillus alkuligenes (some strains)
Clostridm tetani Leptospira icterhemarrhaguae
Clostridtam tetanomorphum Erysipelothrix rhusiopathuae
TABLE It

Pextcinursy Actissmy in Vitro- REsiISTANT
On SLILITLY SUSCE PTIOLE STRAINS OR MICRo-onGaNts s

Bacillus cols Acna bacillus

II influenzac M. tuberculasis

Bacillus typhosus Bacillus tulgrense
Bacillus paratyphosus Brucella melitensis
Bacillus dysentenae Brucella abortus

Bacillus proteus Bacdlus melaninogenicum
Bacillus enteritidts Monilia albicans
Racillus pyocyuneus Montha candida
Aerobactcr aesogencs Blastomyces

Bacillus fluorescens Toxo) him,

Bacdlus fricdlindert Bacillus m;cuulcs
%’,’,erlz:i p)r;;ztl:f;mmy Lymphopathia venereum virus
Vibreo chalerae

1t has only shght actron on spores and httle effect on or,
phase No detectable amount of peniaiflin is destroyed or
by the bacteria. The action of

ganisms in the resting
ol absorbed from solution

penicillin 1s not controlled by the
bacteria present and there 1s a considerable Iag phase. In this Z',esper:tn‘me.‘ll:ieclgll(')f
action resembles that of an enzyme rather than that of a compound whi Il)l is msed
up ’Iflhurmg the pfmducﬁon of ats physiologic effect, e e used

e action of pencillin is not inhibited by bl i

cillin 0 y blood, pus, split protei
z;x;h;;:a;mmobsnzmc acxfi as is that of the sulfonam?des. Cpavalljlito l;ali’lreoduafi‘
iscussed the relationship of sulfhydsyl groups to the activityy of pex}:li’csl][}n
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penicillin most nearly approaches the ideal. When its chemical structure was
determned, five compounds of pemallin were described: penicillin G, penicillin
X, pemiaillin F, dihydro F pentaillin, and pemucillin K. The formula proposed for
penicillin is C,H;,0, SN-R. The R group vanes with the penicillin species as
follows

3 »pentenyl in penicillin F

N-amyl m penicillin dihydro F

benzyl mn penialin G

p-hydrowy in penicillin X

n-heptyl m peniaillin K

Other spectes have been reported such as S,, S.. S; which are absorbed on the
chromatograph near penicillin X, and other F and K types have been described.
Commercial preparations of penicillin are mamly mixtures of sodium, potassium,
calctum, or procaine salts of one or more of the five prinapal penicillins, but
predominantly penicillm G.

Pemallin preparations in general lose activity rapidly on exposure to air or heat.
They are unstable when treated with acids. alkalis, alcohol, heavy metals, or
oudizing agents The stability of the different types of pemcrln in the order of
decreasing stability are G, X, F, and K. The penicillins are strong monobasic
acids which are soluble m ether, acetone, alcohol, ethyl acetate, amyl acetate,
cyclohexane, and dioxane

Pemaillin has an extensn e antibactenial spectrum which is illustrated in Tables
Tand I

The precise manner of its action within the body 1s not known. Hobby and
Dawson i 1941 showed that conditions which stmulated the rate of growth of
susceptible bacteria ncreased the rate at which penicillin acted. Conversely,
conditions which retarded the rate of growth of bactena also decreased the rate
at which penterllin acted. Pemaillin was found to be most effective when actne
multiplication was takmng place. They also d ated that sulfadiazine alone
had no effect on the rate of growth of hemolytic streptococer during the first five
to seven hours of mcubation During the same peniod of tme, pemicillin destroy ed
about S0 per cent of the organisms onginally present. When incubation was con-
tinued further, pemcilin gradually destroyed the remaining viable orgamisms.
Todd demonstrated that there was a relationship between penicillin’s bacten-
cidal properties and 1its ability to lvse bacteria. He poimnted out that bactenostasis
or even death to the orgamisms could be produced without Iysis, and he inter-
preted the entire phenomenon as being part of one continuous chain of action in
which bacterial multipheation, death, and then lysis were effected progressisvely
by the same mechanism He pointed out, as had Hobby and Dawson, that peni-
cillin was much more effectne in voung cultures when active multiplication
was going on, and that the actnely mulhplw.na bacteria were more susceptible
to “S l\ﬁc action th:m the older ones. Rantz and Kirby also believed penicillin

» bactericidal action is everted only
» divide. Similar opinions bhave been

. . associates observed that if the tem-

perature of 2 culture of pemcilln-susceptible bacteria was made low enough
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to penicillin of a wide varicty of penicillnase-producing organisms (Abraham
and Chain; Altemeier) was related to the speed with which they produced the
enzyme rather than to the amount of it which they produced. Although produc-
tion of this enzyme may increase the resistance of gram-negative bacteria, they
concluded that it was not the primary factor in their resistance to penicillin,

Methods of Administration. 1f admunistered in the form of the sodium, potassivm
or calehun salt, peniailln is readily absorbed when given intramuscularly or
intravenously, and it is largely exereted in the urine, If given intravenously, it
is rapidly climinated by the kidneys through which most of it passes unchanged.
1t can be recovered from the unne and used again. That which cannot be recov-
ered disappears in the body. Peak concentrations are reached in the blood within
a few minutes, and then the blood level begins to fall precipitously. Following
intramuscular injection, mavimal concentrations are reached in from 15 to 30
minutes, and the blood levels are more sustained. Subeutancous injections pro-
duced a more vanable and less reliable rate of absorption, but peak concentra-
tions are generally reached in about 60 minutes. If renal function is normal, only
traces of penicilhn may be found in the blood three or four hours after its injec-
tion. Penicillin 1s readily absorbed from the duodenum, but unless properly buf-
fered, it 1s rapidly destroyed by the acid reaction of the stomach when taken by
mouth. The absorption of penicillin from the rectum is poor, and absorption from
the intestine is greatest following duodenal administration which produces a
maximum blood plasma level in 15 to 80 minutes with a curve similar to that
obtamed by mtramuscular injection. When injected mto infected bursae, joints,
pleural cavitics, or intrathecal spaces, sts absorption is delayed and appreciable
amounts of penicillin may remain in such cavities 20 to 36 hours after injection.
Penucillin may also be absorbed rapidly by inhalation. Its presence can be deter-
mined n the blood by standard tests on staphylococei or B. subtilis. If adminis-
tered intramuscularly or intravenously, 1t does not readily enter the spinal fluid

After its absorption in the blood stream, penicillin combines either chemically
or physically with the albumin fraction of plasma proteins, and forms a thera-
peutically active combination. Thence it diffuses into the various tissues, but its
diffusion into the spinal fluid is slow and ineffective,

It passes slowly mto synowial, pleural, and pericardial fluids, but diffuses reachly
1nto ascitic fluids 1n which 1t reaches concentrations comparable to those in the
blood It passes from maternal to fetal blood with ease and is found in detectable
quantities 1n the amniotic fluid. It does not pass readily into the \'itreou; or
aqueous humurs. nor'mto pus within abscesses, It is not destroyed by the liver.

.I[ renal function is normal, peniailin is rapidly excreted by the kidney and
within a few hours after a single dose, 50 to 90 per cent of the antibacterial ent
may be recovered from the urine. It is also excreted in bile and a ;m'xll ia - t
15 probably excreted in the stool Little 1f any penicillin is e‘(crete(i in m?'u'n
sweat, milk, or tears Patients with cardiac failure or 1mpaired re}nl functi sah“
retarded excretion of penicilln, The threshold of toxi il o
not been demfm}tmted We have frequently found 1t necessary to use 1,000,000
8(‘)‘(‘;:)0(;)‘ pe:lclﬂm e\::y}]three hours, and 1 one instance, a child recei\';:d 1’00

,000 units every 24 hours " : i
reactions from e'(rc};ssive bloo(floie:":lz :f;l:xsm‘::};?el:'; ev;:le?ce of fovicity, Toxie
gs have not been reported.

a,
I Ve
city of penicillin as yet has
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and have shown that various muterialy which contain ths group are able to
mactivate the antibiotic substance

In 1846, Hobby and Dawson concluded as the resalt of experiments that the
combimation of pestalhn and sulfadinzine produced at times a greater bae-
tenostatic effect 1 vitro than the same concentration of sulfadiazine or penicillin
alone Massell, Meyserian, and Jones showed that sulfonamide deags used in vitro
with pentedhin reduced the minimal effective concenteation of penicilln for
strams of the Streplococcus vindans. This was substantiated by Bigger.

Hobby, in 1944, and Altemeier showed that penicillin exerted an antibacterial
action agamst gram-negative as well ag gram-positive bacteria, but that this
property of peniaillin beeame more apparent w high potency preparations, It
was suggested that a form of penicilin showing a greater activity against gram.
negative organmsms may est,

Reports have bem wmade of pemcilim-fastness being acyuired by hemolytic
staphylocoees, streg , and probably many others
Spink and s assocutes b x\e shoxm that st..‘ hylococet may ¥ i to
pementhn, although they did not bebieve that tus had much chnieal fmportance
There was no reason to beleve that the mechaism unohed in the development
of pemcllmn resistance was the same as m the case of resstunce to sulfa
compounds

McKee and Houck reported that merensed resistance to pemaliin and loss
of bactenial virulence were accompamed by a slowmng in the rate of growth of
the organsms and varfations m the types of cofouies OF chmcal importance in
peraailin therapy ss the question of whether 1 vifro resistance to the antibiotie
1 indicative of 1eststance i cwo Warmer and Amluven reported that a hemolytie
Staphylococeus aurcus which was tesistant o pentesthin in vitro resisted the same
concentrations m e1o Sumiar observations have been reported by Schmidt and
Sesler for pneumotoeer, and would seem to be generally applicable.

The presention of the development of pemcilhn-fast strams of p‘xlhorfcmc
bactena by the use of adequate dosage schedules 15 extremely important if peni-
alhin thempv 15 to conturue as }ughly successful as 1t is at present. M peniallin-
fastness d 1t app ly may persist over prolonged penods of time, al-
though this ag'xm 1s witnenced g ;,rcmt\v by the chamactensties of the speafic stram
There 15 also a marked difference between steams of the same type of orgamsm
as regards the ease with which such fastness can bc dL\dUpcd

Miller, Scott, and Moeller reposted peculiar morphol in 1
smears observed at the time the numbers were dxmimshmg most ramdly under
the effect of pescthin Gardoer also noteed morphologic changes in bacteria
exposed to pemresthn, which were best shown when the concentration of penicithn
was too Jow to whibit émwth complt!(’lv Clostnidimm welehn, when grown in
fluid medsa with a s 05 of y lhn, showed ex-
treme elongution of the rm)omy of sts cells

Pemerllin 55 pot anbitove, Neter and Wil, and Altemeier, Logan, Tytell, and
Tytell showed that tetanos toun which had been mived with penicilin was as
toxic for mice as was the toun alone,

Dietz and Bondi showed that sodwm 2z:de rendered penicili
organisms more susceptible 10 penicillin, They also showed that the suscepnbﬂit)r
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the absorption of water-soluble penicillin s retarded Dy the added beesway,
pectin, or alumintm monostearate, and effective blood levels for 24 or more hours
can be maintained with single daily injections in the najority of eases. Objections
to the oil and beeswan suspensions of penieillin include pain, Tocal reactions, re-
tained residue after absorption of the chemotherapeutic agent, and oceasionally
granuloma developing at the site of injection.

Delayed absorption hay also been made possible by the tyection of insoluble
salts such as procaine penicillin and the heavy metal salts of penicillin, Procaine
peniaillin may be suspended either in aqueous solution or ail, and a single injee-
tion of 300,000 wnits every 21 hours will produce satisfactory chemotherapentic
levels for susceptible hacteria for 24 hours in practically all cases, and for as
long as 48 hours in many of them.

Crystallme procaine penicillin G 1 a1l or aqueous suspension is graduaally re-
Placing penicillin m oil and way, sinee it possesses fewer disadvantages and can
be successfully used in most susceptible infections, Procaine penicillin G is heat-
stable, Tequires N0 n‘fngvr:llion, and flows frcvly at room temperature, thus re-
(lllirillg no pr(‘h“ll"«ll’)’ \\'-\rlning. T\\'() pur cent ﬂllll“lnlll" monostearate ’lﬂ\
usnally been added to procaive pepicilhn G an peanut ol suspension as a delay-
mg agent The addition of aluminum monostearate permits a prolonged platean-
like level for 18 or more hours in all subjects. Occastonally levels of €6 hours
have been produced, but they cannot be relied on, in our experience, heyond 48
Lours. The alumnmnn monostearate also miniimzes settling of the insoluble pro-
came pemeillin salt Withon the tissues, the procaine penicillin molecule releases
its cantamed procame which is rather quickly destrayed, chiefly by the Tner.
Presence of procaine, however, serves to make the jujection sirtually painless
because of its local anesthetic properties

One of our objections to the repository preparations of penicillin has been the
relatn cly low concentrations of penicillin mamtained within the circulating blood,
levels of from 15 to .03 umits per cubic centimeter heing obtained Consequently
1t has been our practice to use supplementary injections of 100,000 units of aque-
ous pemeillin mtramuscularly every eight or 12 hours when usig the repository

forms 1 severe or relatively resistant infections. Recently commercial prepara-
tions have been introduced which contain both procame penicillin and sodium
pemcilin n a product which can be easily and satisfactorily suspended in aqueous
solution We have tested these products carefully and find that much higher levels
are produced mitially and maintained throughout the 24-hour period (Fig. 1).
Other advantages mclude ease of suspension, ease of mjection without p]uggin"
of syringes or necdle, 'ﬂnd mimimal pain at the site of injection, bt
il ezt of el o b s by e ot i
a gm every four hours for a period of two to 19
ays. This may be used to decrease the interval between injections of o
pemeillin, to enbance the blood levels from two to seven timesj, or to decrggét?}l:;
amount of pemeillin necessary for therapy of a gwen case Two of its disadvan-

tages are the large daily doses required and the fact that
ly a the fa i H
@ q hat nausea is produced in

The oral administration of penicilhin has been used effectively in selected cases
ases,
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Tn therapeutic doses, penicillin dovs not injure Jewhocytes or mterfere with cellular
growth of tissues. The chief touc manufestations so far observed have been due
to sensitrzation such as urticanal rashes, exfohative dermatitis, drug fever, ete.

Skin reactions are noted i the course of agueous pemallin therapy in 5 per
cent of the cases, and mn 7 per cent of those receiving penicillin in off and beeswax,
Indwiduals who have suffered from pre-existing eczematoid dermatitls bave reac-
tion rates to pentaithn as high as 50 per cent. The eruption may be maculopapular,
vesicular, or even bullous 1 type Erythema multiforme or nodosum may oceur.
The eruption may be Jocalized 45 w contact dermuatitis or 1t may be severe, gen-
eralized, or exfohative. In urticarsal eruptions i adults, the concomitant admins-
tration of benedryl or pyrnbenzammne w dosages of 150 to 200 mg. per day may
permut the continuation of pemalhn therapy or will relieve the urticanal exup-
tion after the withdrawal of peniciliin

Neurologse disturbances may result from the direct effect of pemerllin upon the
central nersous system under certatn conditions, and reports of transserse myehitis
and pertpheral nerve palsies have appeared.

Dosage and Dosage Schedules 1t 1s chfficult to determane adequate pemattim
dosages but, m general, the trend has been toward larger doses Staphylococeal
mfections usually requre a lugher dosage than streptococcal mfections, and
gonococeal the Jowest Daoses of pemcillin may vary with different patients, the
nature of the wfection, and the methaod of admimstration, In the average severe
staphylococeal or streptococeal mfection, with or without bacteremia, mtra-
muscular doses of 15,000 to 25,000 urts ervery three howrs have produced excel-
lent results, but the requirements of each case may be different In severe o
fulminating mfections, the dose may be mereased to 50,000 to 100,000 or more
umts every two or three howrs In resistant or mixed mfections, as much as 500,000
to 1,000,000 or more umits may be gnen every three hours. When massive doses
are given, 1t 15 usually necessary to give the mjections mtras enously beeause of
the larger quantiies of diluent required and the patient’s discomfort when thus

amount 15 given intr larly Smee penicillin does not p ¢ the sub-
arachnoid spaces i adequate bactermsmhc ::maums. supplcmenhr} daly mjee-
tions of 10,000 units are ge 3 y 133 infy of the men-

mges Whenever possible, the causatie orgamsm should be determined and
tested against pemalbn 1n oitro to determune sts sensitinaty.
Ongmally the dosage schedules devised for the thempy of susceptlhle surgaeal

wfectons were hased upon the 1 of a th
concentration of this aguxt m the tissues and cucula:mg blood The cﬂcch\cncss
of the of ad tion based upon thes concept has been

well established However, disadvantages of the continuons or three-hourly in-
jection of penicitlin and the need to extend the usefulness of this agent have led
to an almost continuous search for some preparation which would produce effec-
tive contrel of an wfection when admmstered only once every one to four days

Three plans have been devised to o these dhisadvantages: delayed absorp-
tion, delayed excretion, and oral ad ration
Delayed absorption has been plished with suspensions of soluble p it

m o1t or isoluble salts of pentesllin an oil or water With the preparations in ofl,
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similar to that which we had learned from previous experience to expect. It is
not recommended in severe, fulminating, or mived infections,

As in the case of sulfadiazine, parenteral penicillin given prophylactically has
attenuated or localized infections devcloping within contaminated wounds, Since
the hemolytic staphylococcus is the most frequent cause of wound infection, we
consider penicillin superior to the sulfonamides for this purpose. This effective
contral of postoperative infections has made possible successful operative ven-

8

Datte of Terbidlty
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tures of greater scope, particularly in the thorax, and has thereby greatly stimu-
lated advancement in surgical technics,
In the tr of many blished

1 surgical nfections, particularly those
caused by staphylococei, aerobic and anaerobic streptococei, gonococci, actino-
myces, and the Clostridia of gas gangrene, penicillin is still the most effective
chemotherapeutic agent available. Evidence of its superiority m the therapy of
staphylococcal infections is overwhelming, and 1t has replaced all previous forms
of therapy m such lesions. Frequently penicillin has so controlled the invasive
qualities of staphylacoccal infections that emergency radical surgical decompres-
sion or excision of infected areas has been eliminated or replaced by mm'epcon-
servative types of surgery Its value has been outstanding in those infections
caused by sulfonamide-resistant strains of the streptococecus
Sms):c;gozgscg;e::r emz(:;éy of méec(mns treated b.y‘sExrgeons is caused by the
phy , strep cus, and gonococcus, penicillin has been of tremendous
v;fal:;he to the surgeon. The early treatment of diffuse infections caused by any
gf th:sdee:rl‘clrc(;:;gé::‘sms 1may be followed by S!.ICII prompt and complete arrest
eral process that suppuration does not develop and surgical

and gonococcus
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providing 1t has been buffered and the dose has been at least five times greater
than that which would have been given parenterally, Within its scope of applica-
tion, 1t has been particularly usetul m the therapy of ambulatory paticnts
Considerable evidence has been accumulated to show that the bacteriostatic
effect of pemeilltn persists for a considerable length of time after its disappear-

rum
[ >

Units of Penicillin/oc of blood se

1 6 12 24

Duration in hours after injeotion,

Fic 1~A companson of the height and duration of the pemcillin blood Tesels produced hy a

single intramuscular mjection of (A) mixture of 300,000 umts of procaine pemcilin G and

100,000 umts of sodwm pemeilin G m aqueous suspension (B) 300,000 umts of procame
pemeiin G only

ance from the blood, and that it 1s not necessary to maintain a bacteriostatic
concentration withm the blood (Fig 2)

The results of Tillett and his associates m 1944 suggested that the antibacterial
effects of lhin on mvasive p hibited their growth for a con-
siderable penod after blood concentrations weie no longer detectable. When
mjections were made every 12 to 16 hours, the results in a small number of cases
seemed to be Just as satisfactory as those obtamed with more frequent mjections
Simlar inhibitory effects on streptococer infecting mice for eight or more hours
were suggested by the study of Jawetz 1n 1946 The investigations of Zubrod
hemolytic streptococcic infections 1n mice also indicated that the mnterval between
doses of an aqueous solution of penicillin could be extended considerably beyond
four hours

During the past 15 months, we have treated over 250 selected cases of estab-
lished surgical infections with mtramuscular mjections of 100,000 to 200,000 units
every eight to 12 hours The clmical results obtamed m patients with susceptible
infections of moderate seventy were gratifying and the pattern of response was
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ic agent to ¢ fn dang ts in the blood. In the body,
the streptomyein is distributed apparently only in the extracellular water, and it
docs not pass readily into red blood celis or the pus of walled-off abscesses, It
diffuses so slowly into the spinal fluid after parenteral injection that detectable
amounts cannot be found. On the othier hand, in frank meningitis, easily detect-
able amounts have been found in the spinal fluid. This antibiotic passes over
slowly mto pleural, synovial, and pericardial effusions, hut it passes casily into
normal peritoneal fluid or into the exudate of peritonitis. Adequate concentra-
tions of streptomyein following its intramuscular injection have been noted in
the aqueons and vitreous humors of the eye. This antibiotic diffuses into fetal
blood and amniotic fluid in concentrations of about half of those found in the
maternal blood.

Determinations of the blood levels produced by intramuscular injection of
streptomyem give the following information: If 0.1 gm. of streptomycin is given
to an average adult patient every three hours, the mean concentration maintained
in the blood will be 2 to 8 micrograms per cubic centimeter during a three-hour
period. 1f 0.2 gm. is given, the mean concentration will be twice as great. In
general, for each dosage increment of 0.1 gm. given every three hours, the mean
concentration of streptomycin in the airculating blood is increased 2 to 8 micro-
grams per cubic centimeter, The intr lar route of administration is the
most useful, and a dose of 1to 2 gm per day in divided doses will usually be
adequate. When given by mouth, streptomyein is absorbed only slightly, but it
reduces the count of gram-ncgative bacteria in the stool to a very low figure.
Large doses, 2 to 4 gm. per day, may occasionally be required.

Flippin and Rhoades have demonstrated that after the injection of 0.6 gm. of
streptomycin intravenously, ations of streptomyern in the urine may reach
levels between 16 and 520 micrograms per cubic centimeter over a 12-hour period.

Dosage. There are many problems concerned with the adequate dosage of
streptomyain for a given case, which mclude the species of infecting micro-
organism, 1ts sensitivity to streptomyein, the presence of bacteremia, the anatomic
location of the nfection, and the weight and age of the patient. Bacterial sus-
ceptibility to the action of streptomycin vanes widely. Because of the wide range
In sensitity, 1t 1s smportant that each infecting organism should be tested before
st i e doge el scorigy. 1 s dstl o v o
o inh‘I\)nt ﬂf e P - a concentration in the blood tissues sufficient

0 e growth of the infectmg organism. The mamtenance of a concentra-
tion of streptomycin 1n the blood stream four to eight times that found to be

necessary to mhibit completely the orgamsms in vitro is recommended, Unfort

nately, many organisms develop marked resistance 1n y -
of streptomycmn often within four to ten days
mmportant feature of streptomyein therapy i
streptomycin on the growth of bacter:

vivo to large concentrations
after the start of treatment. Another
s the so-called stimulating effect of

a. The experimental studies
4 of Wel
Price, and Randolph have shown that streptomyemn at certain concentrntionscik

mice nfected with E. typhosa actually increased
actug the fata
were given, all of the animals were pl%’olected. ° hhllt}’ rate. 1t lﬂrge doses
Toricity Histamine-like effects such as headache

. flushing of ki
and vomiting were formerly seen but rarely occur g of the skin, nausea,

now with the more purified
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intervention does not become necessary. In the treatment of suppurating surgical
wnfections caused by these bacteria, penicillin therapy has had a striking benefieial
effect on mortality and morbidity but the fundamental surgical principles of early,
accurate diagnosis, early treatment, rest, adequate external drainage, and general
supportn e treatment remain as important as ever

STREPTOMYCIN

Streptomycrmn is a basic organtc compound first 1solated in 1942 from Strepto-
myces griseus It is of moderate molecular size, and 1ts chemical formula is
CaH;sN; Oy, [t is soluble 1n water but insoluble in organic solvents, It is also
hygroscopic When kept dry and at room temperature (25° C.) streptomyein
remains stable for six months to one year, Its aqueous solution, however, should
be refnigerated. It has a selectine antibacterial action against gram-negative
bacteria as does streptothriein, but 1t is considerably Jess toxic Streptomycin
acts, therefore, on such gram-negative bacteria such as Eberthella, Salmenclla,

Eschenichua, Shigella, Klebsiella, Brucella, P; lz, and the Proteus group
TABLE III

StrEPTOMNCINY ACTRn I ViTno
SENSITIVE MICRo-oncANIS\S

B colt Br abortus

A aerogenes Br melitenas

B typhosus B subblis

B paratyphosus Other gram-positise

B pyocyancus sporulating aerobes
P tularensis Streptococer

B. proteus Staphy lococer

K pneumontac M “tuberculosis

I nfluenzoe M phic

H pertussis Actinomy ces

Considerable resistance 1s shown by some stramns of Pscudomonas, however
Sensitivity to streptomycm is also shown by gr itive org:
such as Staphy , hemolytic Strep and p i. whereas resist-
ance 18 cd’nblted by all members of the spore- fcrmmg anaercb:c group

There are three principle routes of ad
and topical, which also includes intrathecal, ntrapentoneal, and intrapleural
Streptomycin can be administered only by the parenteral route for the treatment
of systemic infections. When admunistered by mouth, practically no streptomyem
15 absorbed into the blood and the bulk of the dose 1s excreted in the stool.
Lattle or none 1s absorbed Followmng the intravenous injection of streptomycin,
maxmmal concentrations in the blood occur at the end of the injection After
mtramuscular njection, there is a gradual rise with highest levels being found
in the blood within 60 to 120 minutes Thereafter, the levels may fall rapidly
and only small amounts are found in the blood four hours later. Two hours follow-
g intramuscular or intravenous mjection, the excretion of streptomyem by the
kidneys is greatest \Within 12 hours, from 30 to 60 per cent may be excreted in
the unine n the presence of normal renal function. When renal function 1s seriously
impaired, the rate of excretion of streptomycin may be decreased, permitting the
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the urine, Elevation of the blood urea nitrogen should be watched for, Pre.
existing renal impaitment will interfere with exeretion of streptamycin, therehy
prodocing vausually high bload levels and inereasing the risk of toxicity.

Recently, diliydrostreptomycein has been derived from streptomyein and it is
conspicuously less neurotonie, Beeause of this, it may be more safely administered
in larger daily doses, larger total doses, and for longer periods of time than has
Deen possible with streptomyein. When daily doses of streptomycin have heen
limited to 1 or 2 gm., diliydrostreptomycin may be used in doses of 2to 3 gm. daily.
Daily doses of 2 gm. of dihydrostreptomyein intramuscularly may be well toler-
ated for as long, as four months, and it is apparently possible to give as much as
2 gm. daily over periods of 60 to 90 days without serious risk of neurotoxicity
in the majority of patients. In addition, hypersensitivity reactions and renal com-
plieations appear to be less frequent, and many patients who have been unable
to continue streptomyein therapy have been able to tolerate thhydrostreptomycin.
Unfortumately, resistant strains of bacteria appear to develop as rapidiy as with
streptomycin. In titro studies indicate that dilydrostreptomycin has an anti-
bactenal spectrum parallel with that of streptomycin.

The clnical therapeutic indications for streptomycin therapy in surgery include
bacteremias caused by gramencgative bacilli, meningitis produced by gram-
negative bacilli, acute and chronic urinary tract infections, liver abscesses, chol-
angitis, secondary peritonitis, pycluphlchilis, abscesses of the hiver, mixed infec-
tions of wounds, and tuberculosis. Chinical results in cases of bacteremia, urinary
tract infections, and cholangitis have been encouraging, but questionable in
secondary peritonitis, liver abscess, and pyelophlebitis.

The drug is effective in controlling infections of the urinary tract produced by
gram-negative bacteria. Under such aircumstances it is desirable to control the
dosage by determining the susceptibility of the infecting organism and :\djusling
the dosage accordingly Bacteremia in infections of the urinary tract due to
B. coli have also responded satisfactonly to streptomycin, Other beneficial re-
sults have been obtained in cases of bacteremia and infections of the urinary
tract caused by B. proteus and A acrogenes. Success depends largely upon the
use of sufficsent doses from the beginming to produce a mavimum cffect, and
upon early surgical drainage of abscesses or distributing foci before the dey elop-
ment of bacterial resistance. In chronic infection, the response may be excellent
ternporanly, but failure to correct any physical factors predi
aated with the mfection may result in relapse or recurrence.

Chnical expenence has indicated that streptomycin is of definite value in the
treatment of tuberculous nfections. Patients with carly exudative
cps o nestonably v e some bl o profnged o
e WK%’; allod off aod enc?stggzgnl s.howcd prompt regrc.ssmn but chronic

cause of its sign\ﬁcnnt{y less n;gmtoxic fersmns responded relahvely poorly - Be-
{0 streptomycrn in the treatment of fub eer ect, dihydrostreptomyain is preferable
5 culous lesions.

In tuberculosis, the use of antibiotic agents is an adjunct but not a subshtut
for rest, collapse therapy, surgery, and other standard measuros N ute
. 2 . Nevertheless,
:}t‘repmm) cin can exert an impressive effect on the course of tuberculosis and i;
e agent of choice for this purpose. In tuberculous meningitis, high dosnges are

g to or asso-

and hematog.
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preparations  Nevertheless, streptomycin may produce definite toxic manifests-
tions m about 6 per cent of all patients to whom it 1s administered for any
considerable period of time. The shorter the period of therapy, the less numerous
will be the toue reactions obsened. Local reactions at the site of injection may
occur, including pain, soreness, redness, and induration. If pain oceurs, it usually
may be reduced by the injection of 2 per cent procaine hydrochloride with the
streptomycsn - There 15 no evidence that procaine inactivates the strepto-
mycin, Sensitization reactions are characterized by shin eruptions, fever,
and eosmophiha. The fever may appear on the third day or later, and may be
mild, hectic, or mamtained, Eosmophilia up to 10 to 15 per cent has been ob-
served The rash may be erythematous, urticarial, maculopapular, and even
hemorrhagic The eruptions may be localized or generalized In some instances,
an exfohative dermatitis has occurred, usually appeanng on the third to the tenth
day of treatment, although it may be seen as carly as the second day or as Iate
as 10 days after treatment has been stopped The eruptions may persist one to
mine days, the average being about four Contact dermatitis may occur in physi-
cians and nurses who prepare and administer streptomycin,

The most sertous toxic mamfestation is streptomycin’s direct neurotoxic effect
on the erghth cranial nerve. It has been noted as carly as the seventh or eightl
day of treatment, and it occurred i about 1 per cent of patients who received
streptomyein over a period of time i excess of 21 days in onc senes, and in 96
per cent 1n another series when treatment was prolonged over a period of several
months The auditory or vestibular mechamsm may be affected, and vertigo and
tinmitus are the presenting symptoms. Vertigo may be a serious symptom in
patients receiving prolonged streptomycin treatment. Apparently there is some
mterference with vestibular function n all patients recciving large doses of
streptomycin over a long period of time, and although many did not complain
of vertigo, hypo-active reflexes were found m the vast majority of patients when
caloric stimulation of the vestibular apparatus was tested before and during
treatment. The disability may become so severe m a patient that walking without

may be ible. Clinical recovery following discontinuance of
therapy has been slow. When the administration of streptomycin for a long period
of time 1s anticipated, it 15 advisable to have the patient’s hearing tested with
an audiometer before therapy 1s commenced and at frequent intervals thercafter.
Calonie stimulation tests also should be made before treatment and at periods
of two weceks. The occurrence of diminished auditory acwty, tmnitus, vertigo,
or any disturbance of function of the vestibular apparatus detected by ealoric
stimulation should be an indication for the immediate discontinuation of strep-
tomycin therapy

Other neurologic disturbances obseryved followng streptomycin treatment have
been diplopia, nausea, anorexia, and paresthesia about the face and extremties.
Beham and Perr reported 3 cases of painful stomatitis developing in patients
treated with streptomycin. In certain ammmal species, streptomycin leads to fatty
infiltration of the liver and kidneys which appears to be reversible if administra-
tion 15 discontinued. It has not been reported in humans under treatment with
streptomycin Renal rritation may be noted m patients receiving streptomycin,

as evidenced by the appearance of albumin and occasionally red blood cells
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on the third to flth day as evidenced by albuminuria, hematuria, and formation
of casts and azotemia, In some instances, the albuminuria may be transient, dis-
appearing while the patient is under therapy. Pulashi reported a high incidence of
nephirotoric phenomena in & series of patients and animals treated with bacitracin.

In addition, pain, redness, heat, and induration at the site of injection may
occur. The local reaction may appear immediately after the injection, or may
be delayed for 12 or more hours. General malaise assaciated with nausea and
anorexia has heen observed oceasionally. Some lots of bacitracin have shown
more toucity than others. Bacitracin is being thoroughly studied to demon-
strate the nature of the reswlual toxic elements. Studies are being carried out in
an effort to separate the tonic factors from bacitracin or to nullily their toxic
action. The systemic administration of bacitracin by intramuscular or subeu-
taneous injection is at present under clinical mvestigation in patients at New York,
Philadelphia, New Orleans, and Cincinnati in order to demonstrate the further
indications and himitations of this new antibiotic in the treatment of infections.
The mtial dose recommended at present 1s 10,000 units every six hours given
intramuscularly for 48 to 72 hours. If no signs of nephrotoxicity develop within
this time, the dose may be increased at 15,000, 20,000, or 30,000 units every six
hours, Bacitracin should not be given more often than once every six hours.
Because of the pain produced locally at the site of injection, bacitracin should be

1 ed ntr. ly in a solution of 2 per cent novecain in physiologic

saline

The climeal indications are essentially the same as those for penicillin. There
was an over-all favorable response reported by Meleney et al. in about 70 per
cent of the cases of susceptible established infections treated with bacitracin,
In the treatment of extensive and progressive bacterial synergistic gangrene,
syphilis, and penicillin- and streptomycin-resistant infections, bacitracin has been
of particular value It has been administered orally for infections produced by
Endamocba histolytica with success. Greater refinement and a means of eliminat-

ing the nephrotovic factors of bacitracin are necessary before the drug will be
acceptable for widespread clinieal use.

AkrnosporiN (Porymixox B)

Aerosporin 15 an antibiotic produced by the Bacillus aerosporus greer. Aero-
sporin s somewhat more toxic than streptomycin, but its antjbacterial cfficiencies
for gram-negative bacteria are simular. It was shown to be effective for a wide
variety of gram-negative bacteria including H. influenzae, H. pcrtus'siy E
typhosa, B colt, M catarrhalis, Salmonella, A. acrogenes, Vibrio cholerae’ B.
pestis, Streptococcus enteriditis, and Pseudomonas pyocyancas b Shn;l
Shephard, and White One distinct advantage of aerosporin is the laz’k ofAr 'e)t,,
ance developed by strains subjected to 1ts action; a factor which is in s‘;:ls ,
contrast with streptomycin  Aerosporin is readily produced, is relatively st ]‘;'lf[’
and in addition to its selective action 15 of high intrinsic i)otenc \Veyi sh: fe,
weight 1t h'as essentially the same order of chemotherapeutic a(‘{t.ivit  daimt
gram-negative organisms as penicillin has against gram-positive It is zn.ﬂgmﬂﬂ
a chemutherap.euh? agent in its remarkable specificity for gram-ne \']que .
teria, thus dlstmgmshing 1t from all other antibiotics re & s 1\'/e bac.

ported. In experimental
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necessary over particularly Jong periods and it has been estimated that the use
of dihydrostreptomycin in sufficient dosage will result in recoveries in 10 to 15
per cent of these patients. An additional 10 per cent will probably survive but
be in poor condition Disseminated } ge tuberculous infections of the
miliary type have responded to streptomycin, complete clinical and roentgeno-
graphic remission occurring m « large proportion of the cases after prolonged
treatment, In tuberculosis of the tracheal, bronchial, or laryngeal mucous mem-
branes, good results have been obtained. In renal tuberculosis improsvement may
follow the use of streptomycin, but the ultimate outcome has been doubtful,

In general, the factors which may cause fatlure in the treatment of streptomyein-
susceptible mfections of all types include inadequate dosage, acquired resistance
by the infecting bacteria in vito, failure to use surgery at the proper time, and
localization of the process i areas inaccessible to streptomyein or surgery.

Bacirracin

This 15 an antibiotic derived from the Tracey strain of Bacillus subtilis and it
1s neutral, water-soluble, and relatively heat-stable. Its distribution for parenteral
use 1s stll on allocation for expenimental use. Bacitracin’s antibacterial spectrum
is extensive and similar to that of pcmci”m Itis c{fcclue against most strains

of hemolytic stre, tococcx ) tic stref lase-positive staphylo-
Y iy ly 13 phy!

coccl, , gonococel, ); cnccx mn general, Clostndla Bacillus
P 4 g

liphtheriae, Bacdlus pseudodiphtheriac, Tre Ihdum, the spirochetes

of the mouth, the act yees group of organisms, and the End ba histoly-
tica It has httle or no action against the large group of aerobic, gram-negative,
nonsporulating bacilli Bacteria show but moderate tendency to build up resist-
ance to the compound, either in vitro or in viro, and blood, pus, or necrotic tissue
does not destroy its action. Bacitracin’s action is similar in certain respects to that
of penjarllin It differs, however, from peniallin in that ats bactericidal activity
appears to be dxrectly proportional to its concentration.

The chef advantages of bacitracin over pemaillin are: (1) It is not inhibited
by the orgamsms which produce penicillmase, (2) jt is more slowly ehminated from
the body and therefare can be given 'lt greater m(er\'\Is, (3) 1ts effectiveness

b 4 Y- tog tendency

fect with

unst many
peniaillin-resistant intections Its chref dlsadv\ntage as compared with penicillin
1s that 1t has not yet been obtained 1 a pure crystallne form and i the present
stage of 1ts impunty, 1t produces, when mjected systemically in man, certain
evidence of nephrotoxicity which hmits its dosage, 1ts scope of action, and the
duration of treatment Its chief advantages over streptomycin are its wider anti-
bacterial spectrum, particularly with regard to the anaerobic bacteria, and the
low incidence and degree of resistance which develops during the course of
treatment Its chief disadvantage with respect to streptomyain is 1its ineffectiveness
against the gram-negative, aerobic, nonsporulating bacill. When used topically,
1t has been found to be effective and nontovic When used parenterally in humans,
1t is readily absorbed and diffused throughout the tissues in a manner similar
to peniaillm After p al adi ration, signs of nephrotoxicity may oceur
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exeept for occasional nausea and vomuting. No reports of anemia, jnundicc,
azoteria, drug fever, or agranulocytosis have been published.

Aurcomycin can he administered orally to produce effective antibacterial Tevels
in the blood and tissues. It is excreted by the hidneys, and concentrations of the
agent may be developed in the urine as high as 256 micrograms per cubic centi-
meter i two to 16 hours after dosage. The dose is 100 to 250 mg. every one to
four hours, although it may be varied s amount, interval, and duration.

It is indicated in the treatment of many gram-positive and gram-negative
infections, as well as in various rickettsal and virus infections, Its full clinical
potentinlitics are still undetermined. Aurcomyein is equal to streptomycin in the
treatment of gram-negative infections, and apparently superior in the therapy
of urinary tract infections. It is less cffective than penicillin but more effective
than streptomyein i the treatment of gram-positive bacterial infections. It is
of value in the treatment of rickettsial and virus infection, including ntypic:nl
prcumonia. It will he a valuable addition to the field of chemotherapy.

CHLOROMYCITIN

Chloromyeetin 1s a new tic agent of Ily great promise, is derived
from Streptomyces cenezuclae and its antibactenal activity is similar in many
respects to that of aurcomycin. The facts that Rebstock has been able to synthe-
size chloromycetin and Long and Troutman have devised a method for its com.
mercial production on a large scale are of great practical significance. Tts anti-
microbial spectrum includes various gram-negative bacilli such as B. coli, A.
acrogenes, B. typhosus, B. dysenteriae, and B proteus as well as many other
gram-negative bacteria; gram-positive pyogenic cocci; the Clostridia of gas
gangrene; and various viruses and rickettsiae. It is readily absorbed after oral
admnistration and adequate levels are produced in the blood and tissues.

Its particular value m typhoid fever, epidemic typhus, undulant fever, bacillary
dysenteries, Rocky Mountain spotted fever, psittacosis, virus or atypical pneu-
monia, and urinary tract infections 1s bemng established by various clinical investi-
gations at the present time Our studies of surgical gram-negative bacterial
infections and lymphopathia ind that chloromycetin is more effec-
tive 1n their management than other agents. Chloromycetin promises to be a
valuable addition to the field of chemotherapy It has little activity against the
tubercle bacillus and less against gram-positive cocci. It is more effective than
streptomycin against some gram-negative bacterial infections but less effective in
tuberculosts In the treatment of gram-positive infections, it has been surprisingl
effective, particularly in those caused by penicillm-resistant bacteria, ey

The following antibiotic agents apparently do not have great clinical potentiali-

ties in the treatment of human infections, but the i
are discussed v
the sake of completeness. ’ Y ed very briefly for

Pyocyanase AND PYOCYANINE

Pyocyanase 1s the Oldffsl' example of a known micro-organism producing an
antibactenal or antagonistic substance for other bacteria, It was named : ‘o
cyanase by Emmerich and Loew in 1899, who thought that it was an enz;xi;e-
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mfections produced by gram-ncgative bacteria in mice, polymivon is a highly
effective agent with a favorable 11tio of therapeutic to lethal dose.

Aerosporm 15 bactericidal i .ctron, not bacteriostatic, Time, the number of
organisms, and the concentration of acrosporin affect its antibacterial activity.
One of the disadvantages of aerosporin therapy may be seen in the observations
that the antibotic is not detectable m effective concentrations in the bile, urine,
or cerebrospinal fluid after it~ parenteral injection The avalable evidence
suggests that acrospormn is of lai e molecular size and that for this reason it does
not pass readih through the kidiey barrier.

Parenteral admimstration 15 necessary for the production of adequate anti-
bacterial levels in the circulating blood. Injections which are given intramuscularly
or subcutaneously produce high antibiotic titers for relatively short periods of
time. Mamtenance doses are therefore necessary every four hours, the usual
dose being 8 mg, per kilogram of body weight. When given orally, aerosporin is
not absorbed in significant amounts from the alimentary tract, but it is effective
m decreasing greatly the number of intestinal bacteria,

Aerosporm prepqrahons have not cxhllulcd histamine-like reactions when

ed sul ly to mice or k Tenderness and pain occurring
at the site of injection have been slight or moderate. In about one-third of the
author’s cases treated with full therapeutic dosage, some evidence of tonicity
such as vertigo, headache, all inuria, and | ia occurred.

In the therapy of surgical lesions, we have found it to be less effective in
general than streptomycn in the cases stuched. In gram-negative bacteremias
and mixed infections of wounds, satisfactory responses were obtained.

AURCOMYCIN

One of the most promising of the new chemotherapeutic agents, aureomycin
has been found to have considerable antibacterial action in vitro against a wide
range of gram-positive and gram-negative bacteria, but Proteus culgaris and
Pscudomonts acrugmosa are relatively resistant Paine, Collins, and Finland
determined the sensitivities to aureomycin of 186 strains of bacteria isolated from
patients m the Boston City Hospital. This agent apparently possesses antibacterial
activity equal to streptomycin against most gram-negative bacilh, It has also
been found to be less effective m vitro than penicillin but more effective than
streptomycin mn the case of most coccal organisms. Aureomycin possesses equal
antibactenal activity against pemcillin-sensitive and penicillin-resistant gram-
positn e pyogenic cocer as well as agamst streptomy ve and strep
resistant bactenia 1t 1s also effective aganst str in-d. Jent or
In addition, there 15 increasing evidence of its nnhnckettsml nchvnty and anti-
virus activity. Most of the bacteria studied did not become resistant readily to
aureomyecin in vitro. Aureomyein hydrochloride, in the form of a crystalline pow-
der, 1s a stable preparation,

Pharmacologic studies mn animals mdicate that the toxicity of the drug is low
except after intravenous administration when hemoglobinuria and anemia have
been noted. In humans therapeutic doses up to 60 mg. per hilogram of body
weight per day given orally have not been associated with any toxic manifestations

Y
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treatment of human beings, it has been used suceessfully in experimental staphy-
lococcic infeetions in rabbits,

Grioroxiy

Gliotoxin is an antibiotic agent which has been obtained from cultures of
Trichoderma lignorum, Gliocladium fimbriatum, Aspergillus fumigatus, and other
fungi. It appears to be active principally against certain gram-positive bacteria,
particularly sluphy\omcci. puneumococci, and streptococci, and much less active
against the varions gram-negative pathogenic bacteria in citro. It is also highly
active against fungi, Its empirical formula, suggested by Johnson, Bruce, and
Dutcher, is Ciall;iN:0,Sx As is true of many other antibiotic agents, it is
eveeedingly tovie for evperimental animals, its tovicity approaching that of
actinomyei It therefore holds little or no promise as a valuable chemotherapentic
agent. Its therapeutic possibilities in the treatment of fungus infections hy topical
apphieation might be cousidered further, however,

Funicaan (Hreuvouic Acin) asp Fomicai

Fumigacin, also known as helvolic acid, is an antibiotic agent derived from
cultures of Aspergillus fumigatus. 1t has been obtained mn a erystalline state and
its formula is proposed to be Cyly O, Tt is heat-stable, readily inactivated by
strong alkalis, and readily soluble in ether, alcohol, chloroform, or acetone.
Fumigacin 1s active against gram-positive organisms in vitro, less so against
gram-negative bacith, and least so against fungi. It has a relatively low immediate
tovicity for the lower ammals after parenteral admimstration, but unfortunately
its prolonged adminstration 1 experimental animals produces severe hepatitis
In large doses, it has been shown to possess some therapeutic activity in the
treatment of experimental streptococeal infections in mice, but has not been
employed 1 the treatment of human beings.

Fumigatim is also produced m the growth of Aspergillus fumigatus. 1t is a
colorless quinone with the formula C.H,04. Being feebly bactericidal in vitro
agamst gram-positive and gram-negative bacteria, fumigatin 1s too tovic for
consideration as a chemotherapeutic agent m human beings at the present time.

CraviFormin, CLAVACIN, AND PATULIN

Claviformin is produced by a growth of Pentcilluum claviforme Clavacin is
obtamed from the Aspergillus clavatus, and patulin 1s derived from Penicillium
patulum. These substances were described by three different groups of investi-
gators, although 1t is now generally agieed that all three, though denved from
different orgamsms, are 1dentical The formula has been described as C.H,0.
Clavacin 1s hxshly bactenostatic and bactericidal for gram-positive‘ﬂnd7 r'im:
negative organisms in vitro, although its activity is limited by the reseng . of
blood, pus, and serum. It has also been shown to be fun icidal 1P it Cef
Manila albicans and Owdium asteroides In addition 1t is %lesc;'b 3 25 beine
capable of mactivating tetanus toxin m vitro Patulu; underwentl se iy lbe’mg
mvestigation because it was effective against both the gram oo Chmial
negative bacteria commonly present in t S

he nasopharynx. Rais

-positive and gram-
ates used the substance locally or topic,

g trick and his associ-
ally for treatment of patients suffering
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1t has also been described as a thermostable substance which is lipoid in nature.
Wrede and Strack in 1924 found that the Pseudomonas pyocyanca produced not
only the enzyme, pyocyanase, but also pyocyanine, a blue pigment which is
soluble 1n chloroform and s thermostable, These antibiotic agents were moder-
ately actne in vitro against a wile variety of gram-positive and gram-negative
bactena, but hoth were toxic for experimental anmmals, the intraperitoneal jec-
tion of 2 mg ot pyocyanme resulung m the death of animals according te Schoen-
tal Pyocyanase and pyocyamne have not, therefore, been of any significant value
in the management of infections although they have been tried topically for this
purpose

ACTINOMYCIN A AND B

These have been derived from Actinomyces antibioticus, and possess marked
activity against a wide vanety of gram-positive bacteria. Actinomycin A is orange
colored, soluble 1n ¢ther and alcohol, thermostable, and highly toxic for expen-
menta) ammals. Its antibactenal cffect 15 highly bacteriostatic and slowly bac-
terterdal Actinomyein B is colorless, soluble 1 ether, insoluble in alcohol, and
also exceedingly toxic for experimental animals. Its action is also shghtly bacteri-
ostatic, but highly bactenieidal Doses of 1 mg per kilogram by intravenous
mjection in mice have produced death by respiratory failure, Efforts to remove
the toric properties and yet preserve the antibacterial activity have thus far been
unsuccessful, and therefore neither substance has proved to be of any therapeutic
sigmificance.

Penteriric Acin

Pemeillic acid 15 a colorless compound derived from both Penicillium pube-
rulum and Penicdlium cyclopium It is readily soluble in water and possesses
considerable antibactenal activity against many gram-positive and gram-negative
bacteria as well as yeast Pemeillic acid has becen obtained m crystalline form and
has been synthesized. The latest chemical formula proposed 1s C.HyoO4. Lattle
information has been obtained as to its possible therapeutic value, although it

has been recently shown to be toxic on subcutancous injection m experimental
animals

CrrraNin

Citrinin 15 an antibiotic substance whose source is in cultures of Penicillium
aitrinum and Aspergillus candidus. It is a yellow compound which has been
obtained in erystalline form, its suggested formula being Ci;HyO;. It s pre-
dominantly active agamst gram-positve bactena, especially staphylococei and
streptococci. On repeated exposure to this substance, bactenia apparently become
more sensitive to its action When admimstered either orally or intraperitoneally,
it has been found to be tovic for experimental animals, the toxic symptoms
produced include ataxia, respiratory irregulanty, convulsions, and a fall m
body temperature occurrmg immediately after sts administration  After its
intravenous mjection in rabbits, 1t may produce depressor effects, and delayed
death may occur up to 14 days after injection. At the present time, 1ts toxicity
precludes its use as a therapeutic agent. Although 1t has not been used in the
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parenterally, the toxicity is mneh greater. Although they inhibit the growth of
both gram-negatne and gram-positive bacteria in extremely high dilutions in
titro, they are incffective in cico in expernnental animals. Consequently, they are
not used for chemotherapentic purposes at the present time.

PeNicin

Penicidin is an antibiotic substance derived from various species of Penicillia,
It is soluble in ether, aleohol, ehloroform, and dilute acids, but is insoluble in
petroleum ether. Itis active agumst both gram-positise and gram-negative bacteria
including B typhosus.

CANAVALIN

Canavalin is an antibiotic substance identified by Farley from flour made from
the soybean or jack bean. It 1s actine against both gram-positive and gram-
negative bactena in titro and is well tolerated by both the lower animals and
buman beings without ill effects It has been administered intravenously in doses
of about 30 cc. per day in the treatment of 13 eases of pneumonia, some of which
were complicated by empyema and septicemia with therapeutic effects,

CuLorrLLIN

Chloreliin is an antibiotic substance deris ed from cultures of the algae Chlorella
culgaris and Chlorella pyrenowdosa. It was discovered by Pratt and his colleagues
and it is active in citro aganst staphylococci, hemolytic streptococei, B. subtilis,
B. coli, and B. pyocyancus.

ALLicN

Allicin was derived by Cavillito and his assocates from Allium sativum (garlic),
Allum triquetrum, and Allium cepa Its formula is said to be CeH;,0S.. It has
been found to be active in vitro agamst staphylococei, streptococci, B. subtilis,
B typhosus, Vibrio cholerae, and other bacilli of the colon-h'phoid~dysemer-,:
group. ‘

CHLOROPHYLL

Chloraphyll is extracted from fresh or dried leaves. Its chemical formula is
comple, probably bemg Cs;H;:0;N Mg, By parenteral and oral administration it
is practically nontoxic for the lower animals. Intravenous injections in hum;:ns
have not produced toxic effects It has been found to manifes
bacteriostatic activity i witro against staphylococci, hemolytic streptococei, B
coli, Pseudomonas pyocyanca, Cl welchn, and CL histolyticum, but it is 10\;/ i
bactericidal actity, Its antibacterial activity appears to be dl;e to some int -
ference with the oxygen reduction mechamsm of bacterial Tespiration, It h: ];)1 on
used topically in the treatment of various localized infections, pnrticmlxlarlya;u:::

t some degree of

Dicuataron

Dicumarol 1s denived from s

oiled sweet g it s
on prothrombin, it exhibits ' et clover hay. Tn addition to its effect

bacteriostatic activity for gram-positive bacteria
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from upper respiratory infections Solutions of 1:10,000 were sprayed into the nose.
However, nether claviformm, elaacin, nor patulin is suitable for subcutancous
or mtravenous admmistration sice experimental ammals died shortly after
mtraperitoneal njection of each Clavacin is surpassed in toxicity, according to
Robinson, enly by actinomyemn and glioton. It 1s tovie for leukocytes in amounts
smaller than those required for b icteriostasis.

ASPERGILLIC ACID

Aspergillic acid was derived from cultures of Aspergillus flavus by White and
Hill 1n 1943 It has been obtamed in erystalline form and its formula is con-
sidered to be C;2H:N.O: The compound is thermostable and freely soluble in
alechol, ether, and acetone. Its antibacterial effect is against both gram-positive
and gram-negative bactena, including the Clostridia associated with gas gangrene.
It is also effective against the tubercle baallus in vitre. However, the agent is
too tovic to be administered systemucally Aspergillic acid 1s highly toxic for
the lower ammals by parenteral administration. It has not, therefore, been used
m the treatment of human beings nor is it likely to be in its present state.

Fravacin

Flavacin was denved from cultures of the Aspergillus flavus by Bush and
Goth n 1943 Its chemical nature resembles that of penicillin, It is thought
to be 3-pentenyl pemerllin,

Fravacipin

Flavacidin 1s an antibiotic substance derwved from cultures of Aspergillus flavus
by McKee, Rake, and Houck in 1944. Flavacin and flavacidin are entirely unlike
aspergillic acid but they appear to be identical substances. Like peniaillin, their
toxicity 1n lower animals is extremely low.

Philpot has also described an antibiotic agent derived from cultures of Asper-
gillus giganteus and designated by him as gigantic acid. Its properties, like
those of flavacin and flavacidin, are closely similar to those of penicillin. It has not
been employed mn the treatment of human beings

PENATIN
In 1942, Kocholaty found a second antibacterial substance which was produced
by cultures of Penicillium notatum. He named the substance penatin, which he
e B LI “1st gram-positive bacteria,
» purtfied form, it appears
, . dilutions than penieillm.
Its activity is dependent upon the presence of glucose, which is decomposed by
the substance with the production of an unidentified acid and hydrogen perouide.
Coulthard and his associates found a second antibacterial substance and filtrates
of Penicillium notatum, which they ealled notatin, and shortly thereafter, Roberts
and his colleagues isolated an antibactenal substance to which they gave the
name, Penicillin B, All three of these substances, penatin, notatin, and Penicillin
B, have many similar properties which mdicate the probabulity that they are one
and the same. When administered orally, the toxiaity is low, but when injected
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to be effective and their continuation for five to seven days after the general and
local manifestations of the infection have heen controlled. Relapses, reeurrences,
and the development of resistant strains of bacteria may oceur if this is not done.

(3) It is necessary for the chemotherapeutic agent to reach the infecting bac-
teria. This requires surgical drainage of localized abscesses and removat of
infected slough and sequestra, Bacterial infections of special areas into which
the agent is not readily diffused from the blood stream generally require supple-
mental topical application of the antibiotics. The use of such agents as penicillin
topically in the treatment of superficial infections is still disputed. Some investi-
gators, led by Lyons, have indicated their belief that these agents should not be
used topically in this manner, Other investigators, including Colebrook, Melency,
Lockwood, and the writer, believe that some of the chemotherapeutic agents,
particularly penicillin and bacitracin, may be used effectively in selected cases,
The local instillation of antibacterial agents into fresh wounds is not advocated,
however.

(4) The infecting bacteria must be sensitive to the antibacterial agent during
the entire period of treatment. In general, it is still considered better practice
to admimster the chemotherapeutic compound in such a manner as to maintain
a therapentic concentration mn the blood and tissues at all times. There are notable
exceptions to this general rule, however, particularly in the case of penicillin, The
development of resistant bacteria by inadequate dosage or unsatisfactory routes
of administration can often be avoided, If abscesses are present, they should be
drained as soon as feasible.

(5) In general, the chemotherapentic agents are more effective in controlling
established infections than they are in preventing them. Chcmolhcmpy with peni-
cillin or sulfachazine will not prevent the development of postoperative wound
infections, It will, however, prevent the infection from becoming invasive or other-
wise attenuate it in the great majornty of instances. In the treatment of contami-
nated wounds, expenimental and clmical experience mndicates that local chemo-
therapy 1s not indicated The prevention of infection in contaminated wounds is
primarily dependent upon good surgical treatment. If devitalized tissue or foreign
bodies are present within a wound, 1t is practically impossible to prevent their
contammation and nfection, If the circulation becomes seriously impaired by
thrombosis or tissue destruction, the effectiveness of penicillin therapy is notice-
ably decreased. No chemothemneutic agent or any other form of treatment known
at present 15 capable of rendering retamed devitahzed tissue sterile. Therefore,
it is far more practical to do a thorough surgical cleansing or debridement of 3
;v:::nél th{;n (;) 2:&\1‘::)pt t(;) sterilize den(}nlizedhtissuc contained within it. In fact,

rgically cle: und requires no chemo 9 , 5
accldemal)l,m asion of high]y?'irulcntb oy teept possibly against the

acteria such as the hemolytic streptococ
. . Cus,
(6) Chemotherapy is more effective in the early stages of an infectliaon when

the lesion 1s still characterized by diffuse cellulitis and hyperemia. At this ti
complete and spontaneous resolution of the infection with Iittle or .nu breqkdlme’
of the tissues by necrotizing toxins of the bacteria or impairment of t} c b]own
supply secondary to infectious thrombosis of adjacent vessels ma us)e 1 Ogd
expected The longer chemotherapy 15 postponed, the greater " llug " the
probability of local suppuration, gangrene, or seque’stratmng W be the
(7) In general, the chemotherapeutic agents must be .considered valuable
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In dilutions of 1.50,000 it inhilnts S r'_,’ aureus, Staphyl cus albus,

Y
and Streptococcus pyogencs. In dilutions of 1:25,000 it inhibits Pasteurella avicida.

UstiN

Ustin was dernved from cultures of the Aspergillus ustus i 1946, It inhibits the
growth of gram-positive cocer and Microbacteria, including pathogenic tubercle
bacilh, at dilutions of 1:500,000 It has no antibacterial activity against gram-
negatwve bacteria, Its action 15 mhibited by alkalinity, serum albumin, and other
orgame substances Its formula 1s probably CyqH;;0;CLs.

GENERAL PRINCIPLES OF CHEMOTHERAPY

The general prmaiples of practical chemotherapy are now well established and
their correct application 1s necessary for intelligent treatment of surgical infections.
(1) Early and accurate diagnosis is as important as ever for successful
management of acute surgical infechions. The tendency to treat undiagnosed
tevers and ailments with pemaillin and other antibacterial agents is haphazard,
and the results generally unsatisfactory
p . o I v s

. . s
of bacteria recovered m bactenologic cultures. In certam instances it will be
impossible to obtam cultures of the etiologic agent, aud in others the results of
bacterielogic studies will be delayed for one or more days. If mfective material
ss available for smear and gram stain, a presumptive diagnosis of the etiologic
agent may be obtained Likewise, the nature and appearance of a lesion may
often suggest the etiologic agent to an experienced surgeon and indicate to him the
antibacterial agent which will probably be cffectine, Treatment may then be
started promptly since time is such an important factor in raprdly invasive infec-
tions Meanwhile, aerobic and anaerobic cultures should always be made in serious
or severe mfections to 1dentify the specific mfecting bacteria whenever possible
and to determine their susceptibility to the various antibactenal agents. With
this method a more accurate selection of the proper agents may be made How-
ever, 1t must be remembered that bacteriologic cultures, just like any other labora-
tory procedure, may be wnfluenced by many factors and their results may be
delayed, faulty, or misleading Many patients, when first seen by the surgeon, will
already have been given sulf ides or penicillin, and these sul may be
present in the blood and wound evudates 1n sufficient quantittes to make the bac-

teriologie cultures unreliable. At this time, a positive culture obtamed from a
lesion may not ily ind the

ible infecting micro-organism.
The sulfonamide or antibiohe agent may have suppressed the ctiologic agent,
eliminating 1t from the general circulation, but not from hidden secondary foci
Cultures taken in patients who are recerving sulfonamide therapy should contain
1 mg of para-aminobenzoic acid per 100 ce. of the media used, Likewise, the
media should contain pemicillinase m a concentration of 10 units per 15 cc. of the
culture medium when the patient has been receiving penicilin. A practical
antagomst for streptomycin has not been made available,

Adequate chemotherapy mmplies the administration of sufficiently large doses
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tion. When abseess formation occurs, the pus formed is usually thick, crear
adorless, and of a yellow or reddish-yellow color. Tn the majority of instan
the responsible staphylococeus is hemolytie, coagulates luman plasma, ligue
fibrin and gefatin, and {s sensitive o peniciltin. Its ability to coagulate plas
is probably the best evidence of pathogenicity.

The successful treatment of a staphylococeal abscess depends upon e
diagnonis, and the application of established surgical principles, consisting
adequate drainage of the abscess, rest, clevation, and immobilization if feasd
If pus or necrotic tissue is present in localized staphylococeal infections, 1
removal by adequate drainage is extremely important, for once they
extruded, hiealing usually follows promptly. Chemotherapy is recommended
an adjunct to penicillin used in average dosage, H the infecting organ
is resistant, bacitracm, streptomyein, aurcomycin, and chloromyeetin are the
peutic possibilitics and may be used cffectisely,

Sutured wounds showing signs of abscess formation due to staphylococ
infection should first be reopened by removal of the sutures and spreading
the edges with a hemostat at the pomt of maximum pain, swelling, or fluctati
The opening is then enlarged adequately to the size of the cavity, irriga
gently with saline solution, and loosely pached open with gauze. Careful dress
techuic minimizes the danger of secondary infection.

STAPHYLOCOCCAL SEFTICEMIA

Penicillin is the antibacterial agent of clhioice for the treatment of staphylocor
septicemia, and its intelligent use has significantly reduced the high morta
and prolonged morbidity of this condition (Figs. 8 and 4), At the Cincim
General and neighboring hospitals, it has reduced the mortality from appn
mately 70 per cent to 30 per cent since 1942. Thus the mortality-recovery r:
has been reversed by the use of penicillin. The 30 per cent mortahty is :
too high, however, and it could be further reduced by earlier diagnosis :
treatment before the infection becomes overwhelming or the patient’s condit
moribund

TABLE 1V
Resurt oF Penteiimy TUERAPY IN STAPHALOCOCCAL SErPTICEMIA
TrEATED Witir PeNtcinuy

40 Cascs Treated with Sulfo-

7
diazne, Bactenophage, etc 76 Cases Treated with

1940-1943 lf)i’(;‘—‘;gfﬂ
(Per Cent) {Per Cent)
Mortalits 676 (27 deat]
Rocovery aeg (7 deat) %g (38 deaths)

In the past, the crculating bacteria were filtered out of the
reticulo-endothelial system, and often produced secondary or tert:
in the viscera even when surgical attack remoy .
prirlx:arly d:s:lrlb\;ting focus, Because the metasta
multiple and often accessible to 3 i ivii
ini!i:\lpmfection frequently succumbt;;rt%;e ’t)};,e ziz\cfef :::fiﬂ:ﬁ;:i:\'l"l"grﬂle. Prim‘
these reasons and because of the lack of a method to contro} tCho:‘ SI:;;‘;;’:CSOC

blood by
ary metaste
ed or seemed o control
tic abscesses were frequer
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adjuvants to correct surgical d but not sul for it. The
control of an infection by prolonged and protracted chemotherapy is not justifiable
merely to pursue a completely nonsurgical program of management

(8) A Jag of 24 to 72 hours may occur before a chemotherapeutic response
is obvious, The duration of this Jag period for hemolytic streptococeal infections
may be 12 to 24 hours whereas it may be as long as 45 to 72 hours in hemolytic
staphylococeal lesions (Fig. 11). If evidence of the clinical response to the
general and local manifestations of an invasive susceptible infechon does not
occur withim 72 huurs c-ue[u] search should be made for associated diseases
or

(9) In muxed mfechons, combined chemotherapy of penicsihn with sulfadia-
zmne, streptomyein, chloromyeetin 15 mdicated.

(10) The topical route of administration for chemotherapeutic agents is most
condncive to estabhshing a state of sensitization in the patient. Thercfore, these
agents should not be used locally unless they are definitely indicated. In general,
the madence of toxie reactions increases with the duration of chemotherapy.
The thoughtless or unnecessary topical or systemic administration of chemo-
therapeutic agents may lead to sensttization of a patient which will deprive
him of the fature use of a valuable, perhaps hfe-saving antibacterial agent.

{11) The early recogmtion and proper evaluation of toric mamfestations of

hemotherapy are y for the ntell use of these agents and for the
safety of the patient To do thus, it 1s necessar) to examine and queston the
patient daly Complaints of headache, generahzed aching, and a feeling of
malaise should be noted and evaluated The skin and mucous membranes of
the mouth should be exammed daily for signs of a rash, jaundice, or pallor.
Any complaint of a sore throat after the imtiation of therapy escept in upper
respiratory tract infections should be viewed with immediate suspicion, since
1t may be the first sign of agranulocytosis. The urine should be examined fre-
quently and an intake-output chart on patients receiving chemotherapy should
be mamtuned. If the urine output is decreasing 1 spite of adequate intake,
it is likely that a renal complication 1s deseloping. Laboratory exammmnations of
the blood, mcluding blood level assays, shonJd be done at frequent intenals
as desenibed earlier In pati receiving P cin, a daly i with
the andiometer should be made for acuity of hearing and for signs and symp-
toms of vertigo by the caloric test

(12) Concomtant general supportive therapy 1s importaut to restore altered
phystologic states to normal or near normal. Physiologie derangements that may
be associated with sesere infections mclude dehydration, anemia, hypoprotein-
emia, and decreased blood volume This ss partrcularly true m the chronically
1} patient whose reststance has been depleted by continued infechons.

CHEMOTHERAPY OF SELECTED SURGICAL INFECTIONS

STAPHYLOCOGCAL ABSCESSES
As a rule, staphy} infections tend to be Jocalized, producing an area
of cellulitis which subsequenﬂy undergoes central necrosis and abscess forma-
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(6) Cavernous sinus thrombosis
Pylephlebitis I .
5\‘13110115111pcmu\\ln therapy should be started as soon Mlll.u‘ diagnosis ’lsrx.n::fh:
it is important to determine at ence the relative susceptibility of the infecting

A

o e

Fic 4 —(A} VL, 28-year-old w}ute female with cart le of face, 1 ly hyl
aureus sep bilateral stap! al p and septic thrombophlet  of external
wgular vemn 108°F P 1

iin therapy started “(B) Same patent’s
appenmnce 10 d.\)s Later All evidence of infection has been controlled.
orgatusm to pemetllin as well as other available agents, including streptomycin,
baatracin, aureomyein, and chloromycetin. If the organism is resistant to peni-
ctllin, any of these other agents may be used successfull:
The dose of pemcillin recommended for this condition is 25,000 to 100,000 unuts
of crystalline penicillin G administered by the intramuscular route at intervals
of three hours, day and night, until the mfection has been brought under control,
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m remote of unrecogmzed areas, the mortahty in established staphylococeal
septicemia was high, varymg between 60 and 90 per cent in different serics.
When the infection spread to the meninges or became engrafted upon heart
valves, the mortality approached 100 per cent

Experience has shown treatment to be most successful m young adults or
children m whom the diagnosis of staphylococeal bacterema was made early,
penicillin given promptly and mtensively, and surgical draiage could be done
when indicated Treatment which was not prolonged until the blood cultures

f ¥ aureus Sop . Tarch 21, 1348

Dayof Tllvess: ¢ 5 6 7 8 9 10 11 12 13 4 15 16 17 33

T B

105 10

04 130

103 120

02 10

101 100

100 90

99 60

08,5

98.0 70

Blood Culture - - . .
Penteillitn [ 100 300 300 500 300 300 300 300 300 09 300 IO 30 3 200
m.B.C. x 1000 | 6.6 e

Fic 3—R N, 16-month-old colored male admtted on March 21, 1948 wath hemolytic Staphy-
fococcus aurcus septicerna Response to pemcilhin therapy with prolonged interval dosage
schedule of 100,000 umts every eight hours was satisfactory with control of the mfection,
clearmg of the blood stream, and recoserv of the patient The time lag, however, was longer
than usua

became negative and the temperature normal for at least seven days, predisposed
to relapse The outcome i the indnidual case was dependent upon many
factors, ncluding the age of the patient, the susceptibility of the strain of
staphylocaccus to pemesllin, the site and natwre of the primary infection, the
duration of the bacterema, the presence and Jocation of sccondary or metastatic
abscesses, the accessibility of the prnmary or secondary wnfections to surgical
dramnage, and the presence of other assoctated and complicating diseases, A
review of the fatal cases of staphylococcal sep ticated 1
with pemaillin revealed the following responsible factors or complications

(1) Acute vegetative endocarditis

(2} Infected bumns of 60 per cent or moe of the body surface

(3) Pemplugus

(4) Intraventricular rupture of an unrecognized brain abscess.

(5) Penicillin-resistant strain of infecting organism
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A
Fic. 5.-E.H, 43year-ald white female with diabetes who was admitted to the Cincinnati
General Hospital on August 2, 1944 with a large carbuncle on the neck of 10 days” duration.
(A) Appearance of the carbuncle on August 3, 1944 at the start of penicillin therapy. (B)
Disappearance of the carbuncle and almost complete healing hasve occurred in nine’ days.
Temperature and pulse remained normal after the third day.

the start of parenteral penicilln thexa{y. (B) Necr

otic matenal i center of carbuncl
s iton s oo e K ncle has been

43

removed surgically and hea

4
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Thereafter the individual dose may be progressively decreased. The injection of
800,000 umts of procaine penicillin alone or in combination with 100,000 units
of aqueous penicilln tramuscularly may be used satisfactorily every 12 hours
in staphylococcal septicemia After the infection 1s brought under control,
the dose may be admmnistered once daily. Oral penicillin is not recommended for
thus conditron

CARBUNCLES

A carbuncle is essentially a spreading and necrotizing staphylococeal infection
of the deeper layers of the shin and subcutancous tissue which may result in
extensive necrosis, sloughing, hiquefaction of the subcutaneous tissue, septicemia,
and death The many forms of treatment which have been devised for carbuncles
are an ndication of ow ability to control the locally or generally invasive
charactenisties of this infectton in the past. The majority of surgeons hme

TABLE V

Resut oF Peviciiuy TuerAPy 1v ONe Huwpren Consecutive
Cases oF CarsuvcrLe
No Cases or

Clnical Result Surgery Percentage
Spontaneous resolution None 41
Partial resolution with

necrosis Incision 26
Abscess formation Inciston 28
Falure Excision 4
Deaths None 1

learned to employ crucial incisions or escision, and because of the tenderey
of carbuncles to extend locally or invade the general cireulation, the treatment
of choice at many climes, mcludmg the Cincinnatr General Hospital, has been
radical exeiston,

Sulfonamide therapy has been disappointing because of natural resistance
of the hemolytic Staphylococcus aureus Penicillin has revolutionized the manage-
ment of this condition and 1t 15 obviously the chemotherapeutic agent of choice.

When gnen early m sufficient dosage, it has brought the general and local
mastve manifestations under control within a penod of 48 to 72 hours, and
so modified the subsequcnt course that both mortality and morbidity were
ficantly reduced plete and resolution occurred m 410
per cent of the cases (Flg 5), p'\m.\l resolution with centralized neciosis mn
260 per cent (Fig. 8), partial resolution and abscess formation in 28 0 per cent,
and failure in 4 per cent Since the mvasne qualities of this lesion have been
controlled effectively with pemcillin, radical excision of carbuncles 1s r'\rely
necessary Instead, himited surgical proced arer ded when indi;
consisting of mncision and drainage of abscesses which occur during the therapy
and excision of necrotic tissue When the infecting bacteria me resistant to
penicillin, streptomycin, bacitracin, aureomycin, or chloromycetin may be effective
For the treatment of carbuncles, crystalline penicilin G may be administered
in aqueous solution m doses of 15,000 to 25,000 units cvcry three hours The
P y form of penictllin may hkewise be ad ed in dosage of 300,000
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or 400,000 umts cvery 24 to 48 hours successfully. Preparations containing
300,000 umts of procaine pemicillin and 100,000 units of aqueous penicillin have
been satisfactory A dosage of 100,000 to 200,000 units every eight to 12 hours
m aq solution admi ed 11 larly has also proved to be effec-
tive m this condition.

Acvure HEMATOGENOUS OSTEOMYELITIS

Pemcillin 15 a powerful and effective chemotherapeutic agent in the manage-
ment of acute osteomyelitis, and 1t has greatly modifiecd both the management
and roentgenographic mterpretation of this disease In our evperience, it has
reduced the mortality to 1.4 per cent mn all cases seen in hospital and surgical
practice.

In the past, the results of treatment in this condition have been unsatisfactory
for several reasons. Dufficulties in diagnosis often resulted in delay and spread
of the process with extensive destruction of the bone. When carly diagnosis was
made, the principal method of arrest and control of the necrotizing process was
emergency decompression of the wmvolved area by surgical drainage followed
by prolonged periods of immobilization Maoe recently, chemotherapy with the

ulf des as a suppl t to surgical intersention has arded 1 the control
of the nfection, but has left much to be desired Penicillin, on the other hand,
has had a profound effect on acute hematogenous osteomyeltis and has greatly

In general, the results of pemeillin therapy have varied primanly with the
time of diagnosis and the start of treatment (Figs 7-10). The earher the onset
of therapy the more bnlliant the result, while delays were associated with more
extensive destruction of bone, more frequent formation of abscesses, and seques-
tration If there 1s any doubt as to the p of an acute yelitis, 1t is
better to start penicillin therapy immediately rather than wait until the diagnosis
1s proved A dose of at least 20,000 units of penicillin should be given intra-
muscularly or intravenously, and repeated every two or three hours for at least
seven days after the signs of mfection are well under control, a period of three
or more weeks usually being required. In severe infections, doses of 50,000 to
100,000 umits may be given at the same mterval until a chnical response has
been obtamed Obviously, 1t 1s not mdicated in acute hematogenous osteomyelitis
caused by gram-negative or other pemallin-resistant bacteria

The effects of pemcillin include control of the generahized infection with
sterilization of the blood stream, reduction of the mortality rate, and decrease
m the incidence of metastatic or secondary nfectious complications (Fig. 11}
If metastatic comphcations such as staphylococcal pneumonia, pleuritis, peri-
carditis, or thrombophlebitis already exist, penicillin 1s a powerful chemothera-
peutic agent m their control as an adjunct either to surgeal or conservative
treatment. There seems to be httle doubt that carly and adequate penicillin
therapy has made surgery for emergency d pression of the infected bone
unnecessary in the majority of mstances, especially during a period when the
patient 1s often desperately ill with a generahzed infection. Instead, control




47

CHEMOTHERAPY IN SURGERY

*spayy appru pur 1oddn oyy jo vopaunl ayy seau Ansuap
PIsTAIIIP Jo vaIT U uppiw surcwial wngsanbas [ris SIpEs s jo wonInnsuodax g (98/¢/L) () Su
~ssagoad sy Sueay tposyieinas Spepaed Apuoardde pur paqrosqu Aeied 1133q_SEy| JJBYS [BIPTI 33 JO PIYI ajppiut
ayy Supussardas wisanbos anpy, (++/25/01) {d) "pag appius a3 Jo uonensanbas Siyuursaq pue eys mp jo spua
ioq] jo uondiosqe yars uondvar d o usuano K194 (FE/ST/2) (Q) "supes oy jo spus yioq jo uonEZI[CIAURLAD
DAISUIND [Im oI _Z.vct.L paseasdu (15/8/1) (D) "pud prwpord Afepadsa Guasaid uondear [rapouad sy
~303 213 uf sYEauq [2223as Nunoj-auo jrwnoad iy sasjouy ospe pue sngpes jo Jjey [esstp ySnonp pauadn papuana
svy uopavjareyl (FR/62/0) () “sanpafwoatso ivs Layiy jsow ‘swipe jo pua [esp 3¢ UoURTIRINY (FF/03/9) W)
*SUOHITYI30TAD pu © je opdnnu ‘uoy L basqus paonpord yaryw “A[a191duiod uondaqut ayy
104u0d 03 popvy Adesa uypopa aseasip agy Jo 1asuo iy st s€ep g7 (gun uomad Qw pajeasun pue pasou
-Seipun seas QR w smpe a1 jo sy {woapo snousfojuway anae i Loq orfay plo-1rad-sanp v < [y—g org

E] 4a a o] g \4




MONOGRAPHS ON SURGERY

46

‘Jeuuou udaq sty duoq 3o yinnd

‘SUIEWAL 393103 Jo SUBYHNE SJRIIPOWw 12unq K]} JO SI012)35 L umaﬁvuv%u,_.aﬁ put e[nqy Jo SuwaBiess rw aaduod Ayu
-aedde ssaoxd Buyeoy (Li/S/9) (D) P apprst sn J0 515013135 put Kueqniain ojesapour YL Tinqy Jo VoNINKSUE23: paonpoxd seq
ssad0xd Jurpeay “pasowas Afsnorsard uaaq sey wansanbag (FE/8/6) (d) “P3np o[ppiw s)t wt enqy oyy Jo uonod ajno ay} uo surewar
drosqe sayuny suodiapun sey yorfw bas urpy Swof © fuopavar [earsouad oy i PATDOSSE Bu0y Mau Aq pauuojes
Suiaq st apeys dvpqud (11/85/F) (F) Poquosqe djpened uasq svy waysanbas ayy ‘epnqy jo 3yeys amua aq Suope uonarar easouad
PAOYITIY (¥1/91/1) {@) “Supensanbos stapeys jo spry-owy Aeonoesd ‘scare ssayy w vonavar feaysouad papews ‘pua jrwiosd Jo
ndiosqe ‘rinqy Jo spmp-omy 13wo[ Supay p auog (£5/55/T1) (3) 'spanp Jawof pue sppiur Jo wonounl Jo [313f 3¢ uoy
~ava1 earsouad jo vare ue ospe ‘uopaval [rarsouad pajvosse i Tinqy Jo spua [eisip pur [ewnoxd Je uondtasey (¢F/F/T1) (@) Sw
-j[2ws anssy Jjos payews ‘winaysouad 10 suoq ur sJutpuy Kes-x anuysp oN Amv\wm\e: () auoq jo sasod Sueay sjqeyewas o pue
uiuad Jo ssauavidays ay jo saduiraa are uopOAJUL sy wy S salue oy oY1, pooil sem Aderayy wiwad
irnbape pur auuny 193 nsat [uy Ay Ing *paunado uonensanbag ‘pousd Aep suru v 1210 ungwLd jo ofesop ayenbapeut ue
quauean Jo uonessad saye Apdurosd paunsso uondapu jo dsdryay “uouranp s {up oy jo vnqy o) o Jo suyaswonse snouaBojrway
AN W GEET €5 129000 uo [eidso}] sUAPIIYY ruudUE) 9} 03 PINWPT ST MICYUT A[EUI RIYN PIOYFUOW-ET ¥ * 1) [— § o

7



CHEMOTHERAPY IN SURGERY 49

of the infection by penicillin has also permitted correction of the altered physi-
ology and adequate treatment of the metastatic complications. When abscesses
developed, surgical drainage was done more safely and more effectively at a
time when the patient was in a better condition, under the protective sereen of
parenterally administered penicillin. In addition, the cosmetic effects in the
cases treated with penicillin were in sharp contrast to those in eases treated
Dy other methods, The long-term curative effects of penicillin in acute hematog-
cnous osteomyehtis are still undetermined. However, recurrences have developed
in9of 92 cases which we have studied, usually when treatment was late, inadequate,
or not sustained. In some instances of severe or fulminating infections, in which
the patient would not live 48 or more hours to permit the maximum effect
of penicillin, emergeney surgicnl interyention after adequate preoperative prep-
arations is necessary.

Cunovic OstroMyI LTS

Chironic pyogenic osteomyelitis 15 a prolonged and disabling discase usually
characterized by suppuration with abscess formation, draining sinuses, progressive
necrosis of bone, regeneration of greatly thickened and sclerotic new bone,
and a diminished capacity for work. The division between acute and chronic
ostcomyehtis is mdistinet, varying with the interpretation of the individual
surgeon, and acute cxacerbations may occur at any time during the course
of this chromc infection. In the past, the lesion has usually required long
periods of treatment, hindered the physical development and education of
children, produced enforced periods of incapacitation i adults, and resulted
m great cconomic loss

At the present time the management of chronic pyogenic osteomyelitis con-
tinues to be a difficult problem. The results of chemotherapy arc usually dis-
appointing, In general, treatment may be conservative or operative with chemo-
therapy as a useful adjunct of vanable effectiveness The type of therapy chosen
in the ndmidual case should depend upon certain preluninnry determinations
such as a climeal study of the local lesion, an evaluation of the patient’s general
condition, roentgen cxamimnations, careful acrobic and anaerobic cultures of the
infecting bacteria, and a measurement of the susceptibility of the bacteria to
the vanious chemotherapeutic agents.

For chiemotherapy, p {lin and sulfadiazine, ad ed systemically, are
usually recommended In the author’s experience, streptomycin has been of
questionable or no value because of the rapidity with which the infecting
bacteria develop resistance The use of penicillin and sulfadiazine may result in
spontaneous resolution of an acute exacerbation, but n the majority of cases,
surgical removal of the devitalized and infected bone is most important. \Vhen,
intensive chemotherapy 1s used for four to seven da )

ys preceding radical surges

and for two o1 more weeks postoperatively, it ma ity
g ay aid m the control i

and may facihtate healing ’ of infection

AcuTE SEcONDARY ParoTITIS

Acute secondary parotitis or surgical mum,

RS Ps 1S an uncommo i
Pyogenic infection of the salivary glands, Its n but serious

incidence varies between .04 and
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PLEUPLLAULE Wi PUSOPETATIVE PERICINN THETAPY tontrolied the mtection.

Diagnoetss Stephylososour Rureus Septiorate Oataver 13, 1944
Asuto Ostecazelitie of Left Mumeruy
Dayof Tllnease 1 2 3 4 & 6 7 g 9 10 13 12 15y M4 158 18 17

T pam
105 ug
o
o o
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® o P
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* 10 10 5 s 8 7 3 5 &

Fic 11 -L W, a 12-year-old white male with Staphylococcus aureus septicemta and acute hema-
togenous osteomyelitss of the left humerus treated successfully with parenteral peniaillin Note
the lag of 72 hours before definite chemotherapentic response become obvious Blaod culture
remained positie during this penod The definite control of the mfection 1s ;ndicated by stenliza-
tion of the blood stream, progressive fall of the elevated temperature, return of white blood

count to normal level, and absence of metastatic complications
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Recently chemotherapy las had a profound effect on the management of this
infection, It controls the infection so well that emergency surgical incision and
decompression of the capsule are no longer necessary exeept in rare instances
(Fig. 13). The chemotherapy recommended is the systerme administration of
Lugol's solution and peniollin. The general plan of Lugol's solution therapy
consists of the administration of 120 to 250 minims per day at the earliest oppor-
tunity until defimte improvement oceurs. Thereafter, as further improvement
hecomes evident, the daily dose may be progressively reduced. The greater part

Day of Illvessr 22 23 2 EL I () 27 28

Tesp, Pules

108 M0

™ 130

108 120

102 110

101 100

100 50
0 %0 M BN\
9.8 Y b
8.0 70 v

Pentefllis

Tite 1000 PN U O 1)

Lugol's Sot,

in ¥inins 30 45 45 45 45 48 45

v 3 Cox
1000 o.18

Fic. 13-\ S Case of acute postoperatne parotitis m a white female aged 87 years Defimite
control of the infection followed by spontaneous resofution occurred after therapy with penicillin
and Lugol’s solution.

is given by mouth whenever possible, and smaller supplemental amounts should
be given by hypodermoclysis, intravenous infusion, or proctoclysis. A commonly
used schedule consists of the daily admmistration of 20 minims every three hours
by mouth and 60 mimms by hypodermoclysis along with 1500 cc, of physiologic
saline given to help correct the dehydration. When definite improvement occurs
the intramuscular dose was discontinued and the oral dose was decreased to 15:
and later 10 minims every three hours until the process has completely subsided
Pencillin should be given 1n average dosage, using either 15,000 to 25,000 umts'
of sodium penicillin every three hours intramuscularly, the daily dose of 300,000
units 1 one of the repository forms of peniaillin, or the injection of 10000{) to
200,000 units of aqueous pemcillin mtramuscularly every eight to 12 I]Z)urs
The general response of this infection to both Lugol's solution and pcnicﬂ.]in
therapy has followed the same general pattern seen 1n other surgical infections
treated by chemotherapy An interval of 24 to 48 hours follows the stait of
treatment before obvious signs of clinical improvement occur. Thermfte;' tl
imIprovement 15 lflsually progressive and rapid. e e
n a senes of 75 cases of postoperative surgical
Cincinnati General Hospital, sp}:mtm?eous and ccgmpletle)za::t:lllsx’ﬁr:;caot:;lurz:édu:len
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.74 per cent of all patients undergoing major surgical operations, the average
being approximately 05 per cent i collected senes. It is important because
of its high mortality of 40 to 60 per cent and its tendency to occur in patients
debilitated by prolonged illness, severe infections, serious metabolic disturbances,
major operations, or extensive mjuries. One of the most obvious factors which
precipitates this mfection 1s poor oral hygiene; that is, dehydration, mouth-
breathing, suppression of salivary secretion, and dental caries favor the develop-
ment of an ascending infection along Stensen’s duct (Fig. 12).

Fic 12 —Acute secondary nght parotitis of three days’ duration Note the poor hygienic condition
of the mouth

The lesion 1s caused by the pyogenic gram-positive cocct m at least 90 to 95
per cent of the cases The infection has been monomiciobic n our experience
in approxmmately 60 per cent of the cases and polymicrobic in the remainder
The hemolytic Staphylococcus aurcus 1s the prinepal infecting agent in two-thirds
to three-fourths of the lesions. Nonhemolytic staphylococcus, hemolytic strepto-
coccus, hemolytic strep and Stre; viridans are of lesser
incidence and 1mportance. Giam-negative aerobic bacill are occasionally associ-
ated with the gram-posiive pyogenic cocct mn this mfection

Previously, the surgical treatment of this condition consisted of either incision
and drainage of localized abscesses and areas of necrosis after they had developed,
or early decompression of the gland by incisions i an attempt to minimize or
prevent the development of necrosis caused by increasing pressure within the
dense fascial compartments.




CHEMOTHERAPY IN SURGERY 51

Recently chiemotherapy hias had a profound effect on the management of this
infection. It controls the infection so well that emergency surgical incision and
decompression of the capsule are no longer necessary eseept in rare instances
(Fig. 13). The chemotherapy recommended is the systemic administration of
Lugol's solution and penicillin. The general plan of Lugol's solution therapy
consists of the administration of 120 to 250 minims per day at the earliest oppor-
tunity until definite improvement occurs. Thereafter, as further improvement
becomes evident, the duly dase may be pragressively reduced. The greater part

Day of Illoesss 22 23 e 28 2 22 1)

Teme Dudes
108 Mo
v 1m0
s 10
w e
© 10
100 $0
s
ve.e
w0
1elll:
Pttt - 150 o 20 2O 240
Lugol*s Tol,
1 Xintre SO 45 45 45 45 45 48
e
1900 2.5

Fie. 13 -M.$ Case of acute postoperatise parotitis 1 a white female aged 87 years Definite
control of the infection follow ed by spontancous resolution occurred after therapy with pemetllin
and Lugol's solution.

is given by mouth whenever possible, and smaller supplemental amounts should
be given by hypodermaclysis, intravenous infusion, or proctoclysis, A commonly
used schedule consists of the daily admimstration of 20 minims every three hours
by mouth and 60 mmims hy hypodermaclysis along with 1500 cc. of physiologic
saline given to help correct the dehydration When definite improyement occurs,
the intramuscular dose was discontinued and the oral dose was decreased to 15
and later 10 mumims every three hours unti the process has completely subsided,
Penicillin should be given in average dosage, using either 15,000 to 35,000 umts
of sodim penicillin every three hours mtramuscularly, the daily dose of 300,000
units m one of the repository forms of penicilln, or the njection of 100,000 to
200,000 umts of aqueous penicillin intramuscularly every eight to 12 hours.
The general response of this infection to both Lugol's solution and penicillin
therapy has followed the same general pattern seen i other surgteal infections
treated by chemotherapy. An interval of 24 to 48 hours follows the stast of
treatment before obvious signs of clinical improvement occur. Thereafter. the
1m§1rovemel'll 15 1{15&;;]1): progressive and rapid. ’
n a series o cases of postoperanve surgical parotihs, treated a
Cmemnati General Hospital, spontaneous and completlc)e resolution oocurr;dﬂil:
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46, partial resolution without abscess formation in 13, partial resolution with
abscess formation in 12, and failure m 4 (Table VI).

TABLE VI

ResurT oF TRLATMENT OF ACUTE SECONDARY PAROTITIS WITIt
LucoL’s SoLUTION AND PeNnICILLIN

Results No. of Cases
Complete spontancous rcsolution 46
Partral resolution without abscess formation 13
Partra) resolution with ahseess formation 12
Falure 4

Total 5

Although these two chemotherapeutic agents have controlled the invasie
qualities of thus ifection, surgical meision and dramage of abscesses should be
carried out as soon as their presence 15 recogmzed The successful management
of acute sccondary parotitis by chemotherapy depends on carly diagnosis,
adequate and contmuous chemotherapy, and intimate contact of the chemo-
therapeutic agent with the bactenia In addition, general supportive therapy and
the drcated treatment for the primary discases are of obvious importance.

STREFTOCOCCAL INFECTIONS

The majonty of streptococcal infections are produced by the acrobic hemolytic
streptococcus and these tend to be mvasne and to run a rather short course.
The local process is usually one of celluliis with lymphangitis, lymphadenitis,
and httle tendency to form abscesses (Fig 14). When local breakdown of tissuc

Fic 14 —Ext 1 ly p 1 cellulits with and septicerma
which was treated successfully with pemcllin (A) The nature of the lesion at the start of
pemaillin treatment 15 allustrated (B) The clean granulating wound remaming after the infechion
had been controlled and the necrotic tisue carefully tnmmed away by sharp dissection
does oceur, 1t 1s characterized either by gangrene of the overlying skin or the
development of thin, watery pus. Invasion of the blood stream by bactenia from
this primary focus 15 frequent, particularly when rll-advised operative interven-
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tion is made upon a streptococeal cellulitis which is locally invasive {Fig. 15).
Trauma incident to surgical intervention may cause septic thrombi to break off
into the neighboring vessels and the general cireulation. The diagnosis is sug-
gested by the presence of a locally invasive infection associated with chills, fever,
rapid pulse, sweals, prostration, and other signs of tovemia. It & proved by
demonstrating the continued presence of bacteria in the blood by careful blood
cultures.

Oceasionally surgical scarlet fever or erysipelas may result from infection of a
postoperative wound, and the hemolytie streptococeus is always associated with
these infections,
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The treatment of hemolytic streptococeal infections consists primarily in the
control of their mvasive charactensties by chemothierapy, rest, and hot fomen-
tations, and secondanly in the adequate inaision and drainage of collections of
pus and necrotic tissue Incisions or manipulations should never be made in
streptococeal infections until the invasive charactenistics have been overcome,
with the exception of acute hemolytic streptococeal gangrene. The tre'ltment,
of the latter condition will be discussed scparately. Infections caused i)v the
hemolytic streptococcus respond to chemotherapy with cither penicillin )su]h
diazme, or bacitracm, although pemeillin s usually the agent of cl ; f”
bosprtalized patients ¢ oiee for

In cases of streptococeal septicemia, 1t is important to diagnose the 1
early and correctly i order to start specific treatment as soon as C(ml(mon
miimize the distribution of virulent bactera to distant areas, (ld [:OSSI lo o
the formation of secondary metastatic abscesses (Fig. 16)‘ ifal © prevent
thrombophlebitis 15 present m the neighboring veins, asso;iated‘ di el e
or proximal venous higation or excision should be’ considered. teumarol therapy

After control of the mvasive characterstics of the infy .

. v cction under
tion of a bactenostatic concentration of one or more of the chemottl]:c prot(:c-
erapentic
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agents m the blood, dramage of the local lesion may be instituted when pus or
neerotie tissue has been formed General supportve therapy consisting of the
admistration of adequate flwd and clectrolytes and small daily blood trans-
fusions 1s of definite value. Frequent cxaminations should be made to detect
metastatic infectious complications as early as passible, cach of which is treated
according to its individual Jocation and characteristics.

Hemovyric Strerrococcal Ganenrsr:

Gangrene caused by the hemolytic streptococeus oceasionally follows some
relatively mmor operative pracedure or injury The lesion is essentially an
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Fie. 16 —L.R, 2 young adult female with acute perforated appendicitis and gencralized
pentomtis of 4 5 days’ duration The elimcal course after & peadectomy and combued pemallin
and sulfadiazine therapy 15 Mustrated

epifascial, spreading, subcutancous gangrene with thrombosis of the nutrient
vessels and resultant slough of the overlymg shin. 1t usually develops in the
extremities, although the perincum, face, and other parts of the body may be
involved. It 15 charactenized by the onset of pain and marked swelling at the |
site of the wound, chills, elesation of the temperature to 101° to 104° F., rapid
pulse, toxemia, marked prostration, and a rapidly spreading, painful cellulitis
which undergoes bullous formation and a’ pecubar patchy and extending
necrosis Hemolytic streptococei are found in the subcutancous gangrene and
bullae, often in pure culture.
Early recogmtion is imperative for good tieatment. Longitudinal

should be made as soon as possible through and beyoud the gangrenous area,
contrary to the usual treatment for stieptacoccal cellulitis This 15 mportant if
the process is to be arrested. After operation the wound is treated by rest,
elevation, continuous compresses with Dakin’s solution, and removal of slough
by sharp dissection without bleeding durmg subsequent dressmgs,  Before
and after operation, pemallin, sulfadiazine, or hacitracin should’ be given in
adequate amounts An intial dose of 4 gm. of sulfadiazine and 1 gm every four
hours thereafter gives a satisfactory result A preoperative dose of 25,000 units
of penicﬂlin guen intramuseularly followed by 15000 to 20,000 unuts every
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three hours has proved effectve, Daly mjections of 300,000 to 400,000 units
of one of the repository preparations can be used satisfactorily.

Anatnonic ST prococcsn Intrcions

The anacrobre streptococcus may produce severe infections with or without
hacteremia, particularly after operative procedures npon the genital, intestinal,
or respiratory tracts, The anacrobic streptacoceus is one of the most frequent
causes of septic abortions and puerperal sepsis, Postoperative peritonitis caused
by the anaerobse streptococeus may occasionally complieate operative procedures
upon the female genital tract such as remosal or drainage of chronic active tubo-
ovarian abscesses. This type of peritonitis usually becomes manifest six to
eight days after the operative procedure and the general signs of infection may
be associated with little or no evidence of intraperitoneal infection until the
pracess 1 well advanced. Such conditions may be associated with anaerobie
streptocoecal infections of the wound and occasionally with metastatic abscess
formation in distant regions such as the brain.

Infections produced by the anacrolue streptococens are usually susceptible
to penicillin or bacitracin but not to the sulfonamides or streptomycein. Accord-
ingly, in addition to the usual methods of treating infected wounds already
desenbed, early and adequate therapy with penicillin or bacitracin is indicated.
The management of postoperative peritonitis caused by the anaerobic strepto-
coceus 15 dhfficult and the diagnosis may be uncertam. Treatment consists
principally of general supportive measures and chemotherapy with penicillin,
In general, the dose of pemeillin recommended for anacrobic streptococeal
mfections is relatively high, consisting of 50,000 to 100,000 units every three
hours by the intramuscular route 1f the organism is shown to be highly suscep-
tible, smaller doses may be employed.

Enmryesa

Empyema most frequently occurs as a complication of pneumonia with infee-
tion due to such pemallin-susceptible orgamsms as pneumococei, streptococci,
or stapbylococer Otherwise, 1t may follow penetrating wounds of the chest
or rupture of the lung, emphysematous bullae, or pulmonary abscesses. It may
also occur after lobectomy, pneumonectomy, or other thoracic operations. Under
the latter circumstances, mixed infections may occur with a variety of etiologic
agents, 1ncluding  micro-aeroplulic and  amaerobic  streptococei, Clostridinm
welchu, B laninog B coli, B. py , etc.

Treatment with pemcillin or the sulfonamides of preumococeal, staphylococcal
and streptococcal pneumonia has greatly 1educed the incrdence of post neumm;i :
empyemas, and 1t has also been effective m the prevention of empyenl:'\s follo :
ing trauma, lobectomy, pneumonectomy, and other thoracie surgical r‘oced .
The treatment of established empyema 15 primanly surgtcal Once It)hc l?res.
exudate has become frankly purulent, closed surgical dramage is dI? leural
in conjunction with parenteral and intrapleural penicillin thera go th iy d‘m‘te.d’
tration of sulfadiazine, Under this management, the mfection iI;}' T kle Adminis-
under conltrol and early healing is made posstble While 1t is lru:slutll?at);:rought

: . . 0% €]
particularly in children, may occur in early acute empyemas with simple aspirr;}.,.'
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tions of the exudate followed by sulfonamide or penicillin therapy, this method
of treatment 1s not recommended and it may be dangerous. The earlier the
closed thoracotomy 15 done, the less danger there will be for fibrotic nigid walls
to develop about the empyema cavity, preventing subsequent and early re-expan-
si1on of the lung after the infection has been controlled. In case of well established
empyemas, open thoracotomy with rib resection is preferable.

Acute Sepric PERITONITIS

Since the majonty of cases of acute septic peritonitis is secondary to lesions
of the almentary tract, the treatment 1s still essentially surgical. During the
past 10 years, the mortality of acute septic peritonitis has been progressively
dimimished, and part of the reduction undoubtedly has been due to the introduc-
tion and general usc of effective antibacterial agents. The mortality of primary
or icdiopathic peritomtis caused by the pneumococens or beta hemolytic strepto-
coccus has been reduced from approvimately 8¢ per cent to 30 per cent or less
by surgical drainage and adequate chemotherapy with sulfadiazine and penicillin

Sigmficant decreases in the mortality of sccondary peritomtis have also Leen
noted. Our chmeal experience during the past six years in 598 cases of acute
septic peritomtis secondary to acute appendicitis, perforated peptic ulcers, and
penetrating wounds of the abdomen indicates that successful management
depends primarily upon early diagnosis and good surgery, and secondanly upon
chemotherapy and adequate supportive treatment There is no specific therapy
for this infection as yet, and chemotherapy is not a substitute for prompt
diagnosis and early operative repair or remosal of the primary source of infection
before abdominal distention, intestinal stasis, and cardiovascular depression have
occurred

A comparison of the results obtained i 685 similar cases treated without
chemotherapy reveals that the mortality has recently been reduced appronimately
60 per cent The evidence suggests that this reduction is largely due to the
effects of chemotherapy.

TABLE VII
Type Cases Treated Cases Treated
of without Mortality with Mortality
Peritonitis Chemotherapy  (per cent})  Chemotherapy — (per cent)
Appendiceal pentonitis or abscess 338 146 244 49
Yerforated peptic uleer 143 266 160 93
Penetrating wounds of abdomen 104 279 161 115

A comparison of the mortality of three types of peritonitis before and after adoption
of chemotherapy.

On the basis of ow chmcal expenience, the c]lemothcrupy recommended for
effective treatment of acute secondary peritonitis consists of either the parenteral
administration of sulfadiazine and penicillin, the bined use of sulfadi
pemaillin, and streptomycin, or the injection of large doses of pemaillin (Fig 16).
When used 1n combination, the dose of each agent should be therapeutically
effectne The dosage of penicillin when used singly is a minimum of 100,000
umts given at mtervals of two or three hours In severe infections, it 1s our
practice to revise this dose upwaid, giving as high as 500,000 or more umts at
the same mterval, The concomitant use of the three agents, penicillin,




CHEMOTHERAPY IN SURGERY 57

sulfadiazine, and streptomyein, produces a synergistic cffect and a significant
delay in the deselopment of bacterial resistance. Intraperitoneal instillations of
any of the agents are not adhocated. The use of streptomycin alone is not recom-
mended. 1t will be anteresting to observe the effectiveness of aurcomycin and
chloromyectin in this discasc.

Earlier it was believed that penicillin would be of little or no value in the
presention or treatment of sccondary peritonitis because a large proportion of
the infecting bacteria was of the gram-negatis e variety which was cither naturally
resistant to the action of penicillin or was a producer of penicillin-destructive
enzymes. The experience of Cnle, Brown, Pulaski, Blam, and Silvani, as well
as our own, however, has shown that these theoretical objections are not valid,
and that n reality penicillin in large doses is effective.

A review of our previous experimental work in peritonitis suggests the
explanations for penicillin’s effectiveness. The bacterial flora of peritoneal exudates
was found to be nmuxed and vavied, three or more species of bacteria being
recovered from 96 to 100 cases studied, and as many as seven types being
occasionally isolated. The organisms recor ered consisted of aerobic and anacrobic
gram-positive and gram-negative vancties. Other studies indicated to us that
the pathogemicity of the bacteria in pure and mived culture revealed that the
majority of the strains tested, particularly those of the gram-negative acrobic
bacilli, possessed little or no invasne qualities. When injected subcutancously
they produced only minor local lesions, and they failed to cause a fatal pcritonitfs
when injected intraperitoneally. The majority of the anaerobic bacteria behaved
similarly However, if several or more types of bacteria were mixed and injected
intraperitoneally, their synergistic effect produced an overwhelmingly fatal
pentonitis. On the basis of these results, we concluded that (1) secondary
peritomitis is essentially a synergistic infection produced by the accumulative
action of the various bactena, (2) nonpathogenic bacteria may enhance the
sirulence of other micro-organisms, and (3) the importance of B. col: and other
gram-negativ¢ bacilli n perstorutis is greatly exaggerated, the frequent reference
of {)enmmhs to the unaldc:d activ |ty.of B. coli beu}g without sufficient justification.

Many of the gram-positive bacteria, both aerobic and anaerobic, are susceptible
to the action of penicillin Large doses of penicillin produce sufficient concen-
tration of penteillin to inhibit the growth of these susceptible organisms, thereby
reducing the number and varieties of bactena actively growing in the p’en'toneg]
exudate. In this manner the mfection is converted from 2 severe, mned, and

synergistic one to a simpler one which can then be controlled by the normal
defensive h of the perit The added use of sulfadiazine, chloro-
mycetin, or streptomycin contnibutes further to the control of the infe::h'on b
their action on the gram-negative or other penicillin-resistant organisms. Y
The dimmished incidence of necrotizing infections and cellul;gtxs de 'I i
postoperatively 1n the wounds of patients receiving large £ \-e' Op! m.g
further evidence of its effectiveness. ge doses of penicillin is

InFECTION OF ABDOMINAL OPERATIVE WoUNDS

w(’)l;h.; saITe group ?f organisms may cause infection of abdommal o, erative
o ::5 es,of ; memmlzed by s}.larp dissection, protection of the woun§ edges,
gauze protection during the operative procedure, burial of a mim'mgun;
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amount of sutures, and closure of heavily contaminated wounds with silver wire
sutures through all layers, according to the method advocated by Reid, Zinninger,
and Mernll If a wound infection develops, it usually becomes mamfest wathin
five to seven days by local swelling, pain, redness, fever, and leukocytosis
(Fig. 17).
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Contro} of this type of the infection is dependent upon its early yecognition,
adequate decompression by incision and drainage to minimize the effect of
local factors Eavoring further spread of the infection and destruction of tissue,
adequate  chemotherapy  with  penieillin and sulfadiazine, and removal of
obviously devitalized tissue or stongh which invites or supports bacterial growth.
Streptomycin, bratracin, anrcomycin, and chloromycetin may De of valuc.
Chemotherapy has aided in the control of the invasive qualities of the infection
but has not replaced in any sense the principle of carly and adequate surgical
drainage.

Acutr Non-Crostuptat, Cri prrast CrLLunams

Acute non-clostridial erepitant cellulitis is an infrequent clinical entity,
characterized by a rapidly spreading, emphysematous infection involving the

Fic 18 —(A) lExl?nsl\ e, acute, crepstant, non-clostndial cellubitis of abdomunal wall des eloping
postop ely after of ¢ ileum strangulated m femoral hemia, N
epifascal nature and etent of ths esion. Tadieal oo and disinage hove Soen dons ong
chemotherapy started. (B} The wfection has been controlled for the clean granulating surface
of same wound The area, now ready for sin graftng fftcen days later, 3 fllastrated,

shin and subcutaneous tissues and accompanied by severe toxemia, The lesion
essentially is a rapidly spreading necrotizing mfection of the skin :u'ul e ihschll
connective tissues usnally accurring in the abdominal wall, perineum bI:It;c l:
hup, thorax, or neck It may occur in wounds after operations for :mute’sccom]C -
pentonttis or resections of portions of the gastro-enteric tract (Fig. 18)
Crepntation usually becomes evident within two to five days 'nlftcr t.I
of the infection The lesion appears to be a mived infection, ;\o st ]lc ome
of etwologic agent bemg consistently present Again, the v,'mm il
org.n.usms. rccoxerct} from these cases suggest their s)"mbioh'c‘ "mdlss types. (')f
l;]ﬂ(m?]shlp Bacteria apparently capable of producing this in}ectiozn:%lsgc
b' ctolz, anaerobic streptococei, aud the anacrobic gram-negative bacilli ;ul .
acteriodes group such as Bacillus melaninogenicum and Bacil idos e
J a acillus thetoides The

clinical course 15 characterized by the ra 1d1ly of extension of the process, almost
2 3 5:

ary
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one-half of the wall of the torso becoming i olved within four to five days in
some instances. Early diagnosis is essential for effective treatment and the
prognosis 15 excellent in those patients treated promptly and adequately. The
principal method of treatment for this condition is early and adequate surgery,
consisting of radical decompression of the involved area by long and wide
incisions through the skin and subcutancous tissues down to the superficial
layer of the decp fasea, and peripherally into Lealthy tissue beyond the further-
most limuts of the leston. Chemotherapy is recommended only as an adjuvant to
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tic 19-R], 25-year-old colored female admitted to the Cincumatr General Hospital on

January 18, 1943 with acute crepitant non-clostndial cellubtes of the abdominal wall and nght

Hank ansing from an mjury of the penmeum three days earher Although treated with pemailin

and sulfaduzine, the mfection was not controlled until radical mncision and dramage were
performed

surgery (Fig 19) Because of the mixed bacterial flora, parenterally administered
penieillin m doses of 50,000 to 100,000 or more umits every two hours is recom-
mended, along with 1 gm of sulfadazine every four to six hours or 200 mg. of
streptomyemn or dthydrostreptomycin every four hours The value of chloro-
mycetin and aurcomyemn i this condition has not been cstablished. Daly
dressings of the wounds with zine perovide omtment may aid m the control
of the ifection Fever, elevation of the pulse rate, and signs of tovemia
frequently persist for three or more days after surgical mcision and dramage.
After the Infection has been controlled and clean granulation tissue has developed
within the wound, skin grafting should be done at the earhiest opportumty.
General supportive therapy 15 important, including mntr flwds for ad

hydration and electrolyte intake, repeated whole blood transfusions, and rest

Hunian Brre INFECTIONS

Severe infections with marked morbidity may compheate wounds produced
by human bites The infection usually eccurs when a human being oluntanly
bites another or strikes a blow, his hand thereby being cut by the tooth of
the mtended victim The wound is usually a puncture wound of considerable
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depth through skin, subentancous tissues, fascia, tendons, and often into a joint.
Since the wound is made with a relatively dull object, contusion of the tissues
occurs which supports the growth of the contaminating mouth organisms, A
misture of bacteria is usually found consisting of acrobie nonhiemolytic strepto-
cocci, anaerobie streptocoeci. B melaninogenicum, spirochetes, and staphylo-
cocci, Although spirochictes are never fonnd alone in these infections, they are
associated with the more severe ones. In some instances Actinomyces may con-
tribute to the infection.

When fresh human bite wounds are treated by limited or madequate surgical
measures, evidence of inflammation around the bite appears within the first
one to three days after injury and progresses steadily thereafter. The part
becomes swollen, red. painful, and uscless. Fever is usually moderate, but may
be as high as 105°F. Systemic reaction is occasionally profound and the
appearance of the local mfection soon becomes alarming, Granulation tissue
forming within the wound becomes shaggy, gray, cyanotic, and edematous.
It cxudes a thick, foul, and purulent material There is evtensive progressive *
necrosis of tissue, particularly of the arcolar tissue Burrowing into the deeper
soft tissue spaces as well as the joints is a characteristic of the infection.

The prevention of infection in this type is still the most effective form of
treatment, Radical excision of the wound as seon as the patient is seen, followed by
zine peronide dressings incorporating a splint for immobilization, and combined
general sulfadiazine and pemellin therapy are the most effective means of
presenting human bite infections. When tendons are severed by tooth wounds,
primary tenorrhaphy should not be attempted.

When mfection has already accurred, most surgeons agree that any temporizing
measure 1s unsuccessful. Decompression of the infected area and the tissue planes
by surgical incision is extremely important. Systemic chemotherapy with sulfa-
diazine and pemollin, both pre- and postoperatively, is a valuable adjunct to

d surgical man, in the control of this lesion. The recent decrease
m morbidity of this lesion can be largely attributed to the effect of antibacterial
agents. With the use of penicillin, amputation of the mvolved finger is almost
never ncccss.lry.

TeraNus

A clinreal study of 35 cases of established generalized tetanus seen in and
about Cmeinnatt has failed to show evidence of the beneficial effect of penicillin
or any other chemotherapeutic agent on the course of this disease. In vitro studies

mdicated that pemaillin has no effect on the tetanus toxii i
2 oxin. The evidence indi
that the ful manag of establist o Indicates

1 tetanus depends not
on chemo-
therapy but on early diagnoss, adequate serotherapy for neutralization of free

toxin, control of the convulsions, and the admini
X : 3 administration of general su ivi
measures. Penteillin is usually employed in tetanus, however togcontml SCI;PO"“Q
wound 1nfections or pneumonia. The most effective .
its prevention This may be accomplish i
& a plished by passive immunization at #
be ac 3 at th
:f :.n]ury with prophylactic injection of 1500 or more units of antitetanic see:":]ne
ctive immunization may be produced b: . - M
3 y a sertes of tetanus alum-preci
toxowd 1njections which are given subcutaneously and must have bI;en ’5:;::_9‘1
in-

ondary
treatment of tetanus s stiil
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istered several months before injury occurs. A hooster dosc of tovoid at the time
of mjury 1s desirable.

Gas GANGREXE

Gas gangrene is another climcal entity of multiple bacterial ctiology, It is a
mued mfection which may complicate civilian or mulitary wounds of violence.
Principally mnolving muscle, 1t 1 characterized by a spreading, infectious, crepi-
tant gangrenc and marked tovemia, It is more common in compound fractures
than in soft tissue wounds, A great variety of gas-producing anacrobic bacteria,
cluefly the Cl welchii, CL sporogenes, Cl d i 1. histol, and
vibrion septique, has been repeatedly found mn association with this condition.
The indnidual case usually presents a mined bacterial flora of aerobes as well as
anaercbes, and the chuical picture vanes with their combined characteristic
actnvities

Penicillin 15 the chemotherapeutic agent of choice in the treatment of gas
gangrene, streptomycin and polymion being of no practical value according to
our expenimental studies Sulfadiazine 1s moderately effective, and parenterally
admmstered chloromycetin has shown considerable promise in experimental gas
gangrene.

The therapeutic value of peniallin has been determined experimentally.
Average doses had no measurable effect, but large doses corresponding to
approximately 1,000,000 units m an adult every three hours had a very definite
effect, reducing the mortahty, prolonging the Iife of the animal, and localizing
the lestons With surgery, however, discontinuation of penicillin was followed
by prampt spread of the lesion and ulamate death. Bacitracin had a similar effect
on the control of evperimental gas gangrene, but nephrotovie effects were
abserved n the Midneys with the high doses required

In 12 consecutnn e cases of clinical gas gangrene which we have seen, the use of
large doses of penicillin i conjunction with surgical decompression or amputation
seemed to be of defimte value in overcommg the imvasive mamfestations of the
fections, and all cases recorercd In general, the massne doses of penicillin
permutted surgery to be effectine, even in the far advanced and extensne lesions
which had spread onto the torso, fewer radical surgical procedures with amputa-
tions were necessary at lower levels, secondary pyogeme mvaders were inlibited
and greatly reduced the mortality rate. If the dragnosis was made at an carly
stage while the gangrene was more or Jess localized and mciprent, radical decom-
pression of the imolved fascial compartments by free longitudinal incisions and
evasion of the infected muscle usually resulted in arrest of the process and the
saving of the extremnty. It must be remembered that the carly diagnosis of gas
gangrene 1$ difficult, It may be unrecognized until the lesion 1s far advanced,
beecause wounds prone to develop gas gangrene are cxtensive ones and their
treatment requires the use of large dressings, casts, or splmts. Observations are
thus indirect and deductions as to the progress of events within the wound
difficult and uncertain  Once the leston 1s sufficiently established to permut
a dagoosis from the chmical appearance, a far advanced and often irre-
versible process is present If diagnosis is made late when the process has become
extensive and caused ireversible gangrenous changes in the cxtremity implying
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Joss of function of the limh (Fig. 20). open amputation of the guillotine type
ar some modification thereol becomes necessary. The use of adequate amounts
of specific antitoin may aid somewhat i controlling the profound toxemia.
Daily blood transfnsions should be grven for correction of the profound ancmia
which frequently is associated with s concition and for general supportive cffect.
Adequate admustration of fluads and clectrolytes is indicated to correct the
accompanying acidosis and tovemis

Frc. 20 —CW, colored male, age 16, with fulmmating gas gangrene dereloping 24 hours after
shotgun njury to left thigh. At operation, gangrenous (hanges dustal to mjury were irreversible,
and dissecting nfection had already spread to abdominal wall Treatment mf?. open amputation
radical masion and dramage, massne doses of pemallm, and speaific seralII)lempy bmughé

infection under control 10 spite of its spread into the abdommal wall.

AcTINOMYCOSIS

Actinomycosts has always been resistant to treatment, particularly when 1t is
cf'the thoracic, abdominal, or osscous types. Produced by the Actmomyces bouis,
this infection 15 charactenzed by the development of chrome, stony hard, gmml:
loma.tous masses which subsequently break down to form central abscesses and
:r}nllg:nple smuses The tumor in time becomes adherent to the overlying skin which
then as::‘?:\s,:} bronze. or purphsh-red color. The process exhibits a strong ten-
der yL e [t)lrsa:llel:ﬂslﬁ' all 'XPSS of lilfsue ?ther dlmn lymphatic, including

, skin, per one, lung, pleura, intestin: h

The disease I'nanifesls itselfldunng early adult ﬁfg usually as o?lle“:fdt’l:ec(;
ty[iis:ﬂsea)pggvl&:)facial, (b) thoracic, or (c¢) abdormnal.

, x-ray therapy, and/or sulfonamide therapy
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in full dosage over prolonged pertods This type of therapy was generally effective
in the cervicofacal type, but neffective mn arresting or controlling the thoracic
or abdommnal type. The mortality rate in the two latter types was extremely
high and approached 100 per cent once the disease was well established,

Recently the management of actinomycosis has been profoundly influenced
by penicillin, which has been shown to be much more cffective than the sulfona-

Fic 21 -1} the profound cffect of ch herapy on a case of far advanced thoracic

actmomycosis (A) CC, 12-year-old white female with extensive thoracie actinomycosts of two

years' duration The entire nght side of the thorax 1s mvaded by granulomatous masses.

‘Axllary-tracheo-esophageal fistula 15 present. The clasicle 15 bisected by actinamy cotic erosion

(B) The same patient, 18 months after pemaillin and prolonged sulfc de therapy Note the

P and app ly complete resol of the nfecttous process which has occurred.
Pattent has remained well ive years without evidcnce of recurrence

mides Bacitracin also 1s of value m the treatment of this infection, although the
number of cases successfully treated 1s relntively small In our expericence, peni-
cillin has been most effective when used m i 1on with sulfadiazine or
sulfamerazine. Pentctllin may be given m the aqueous form in doses of 25,000 to
30,000 units every three hours or m the repository form in doses of 800,000 or
400,000 umts every 24 hours over a prolonged period of four to cight or more
weeks. The preparations combining 100,000 umts of aqueous penicillin and 300,000
units of procaine penicillin should be satisfactory 1n this condition, Sulfadiazime
may be given orally during the same period in doses of 1 gm every four to six
hours under careful control by laboratory tests Thereafter, it is often advisable to
continue the administration of sulfadiazime for an additional four to 12 months
or more 1 decreased dosage
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In our last 23 conseeutive caves of actimomycosis, only 2 deaths have occurred;
both of these were patients who refused to remain in the hospital long enough to
receive adequate chemotherapy. 1 abscesses or arcas of necrosis develop in
actinomyeosis, incision and drainage shonld be instituted as usual. The results
of combined chemotherapy of the cervicofacial type have been impressive,
clinical cures apparently ocenrring within three to 12 weeks after the beginning
of therapy. Tn the thoracic types, the results of treatment in some instances have
been spectacntar (Fig. 21). Spectacnlar regression of the process oceusred with

Tlegnosint  Obstructive Jaundice with Ascardirg Cholangitis and Eepatitis,  Warch 29, 1947
Diyof Illseser ¢ &5 & 7 8 9 10 11 W 13 M4 15 26 17 18 19 .
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Fic 22—K D, 88-vear-old winte female with recurrent ascending cholangitis dev eloping three
years after fourth plastic operatine procedure for stricture of common duct Penicallin and sulfa-
diazine had been gnen without effect for four (h)s before her admission to the hospxtal

Response to streptomycin was prompt, ’

progressive d in size, dimimshed amount of discharge, and ultimately
disappearance of the lesion. Whether or not complete cures have been obtained
remams to be seen

CHoLANGITIS

Cholangitis usually occurs as the result of partial obstruction of the common
bile duct with ascending infection of the biliary ducts through the stagnant bile
or via the lymphatic vessels Qccasionally it may oceur as a hematogenous infec-
tion When infection occurs, it 15 associated with chulls, spiking fever, jaundi
and suppression of the excretion of bile. > Jrundiee,

Streptomycin 15 the chemotherapeutic agent of choice in the my
cases, bemng superior to pemrailln or sulfadiazine (Fig. 22). Tt will
to learn of the effeet of chloromycetin and
condition The dose of streptomyein recom

jonty of these
be interesting
aureomyeln in the trestment of this
mended in the adult is 2 or § gm.
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daily, given in divided doses every four hours for five to 10 days, depending upon
the course of the disease. Since this mfection is most apt to develop when some
form of obstruction is present i the biliary tract or when the choledocho-intesti-
nal junction no longer is controlled by sphincter action, the importance of surgical
correction of the predisposing factors is obvious. If bacteremia is associated with
cholangitss, streptomycin in the same dosage generally will cause the organisms
to disappear promptly from the blood.

PyLEPHLEBITIS

Pylephlebitis is an inflammation of the portal vein secondary to acute inflam-
matory disease of the gastro-enteric tract Septic thrombosis of the portal vein
or 1ts trbutaries 15 frequently present The clinical picture is striking, being
charactenized by the sudden onset of severe bed-shaking chills, marked prostra-
tron, tachycardia, septic fever, maluse, anoreva, somiting, and frequently jaun-
dice Multiple small abscesses usually develop throughout the liver as the
mfection extends into the portal tributaries within the liver. The infection 1s
extremely severe and the mortality rate approaches 100 per cent. An associated
bacteremia due to B coli or A acrogenes frequently is present.

At the present time, chemotherapy offers the only hope for the great majority
of these patients, and streptomyen, chloromycetin, and aureomycin are the
drugs of choice However, cultures of the septic thrombi within the vein and of
the abscesses within the liver usually indicate the presence of a mixed infection,
consisting of both gram-negative and gram-positive organi: C quently,
the admnistration of peniaillm or sulfadiazine in addition to streptomycin is
recommended The dose of streptomyen which has usually been used in this
condition is 2 to 3 gm daly divided in four or six doses given intramuscularly
over a period of 10 to 21 days

TusercuLoUs INFECTION

Antibacterjal therapy of tuberculous mfections should not be considered a
defiitive or adequate method of treatment Streptomyein, howeser, has demon-
strated its ability to produce marked therapcutic benefits i patients with some
types of tuberculosis The dangers of streptomycmn tovierty have been reduced
by reduction and regulation of its dosage and by its chermcal alteration to
dihydrostreptomycin The latter compound 1s distinctly less toxic, but apparently
possesses the same therapeutic properties as the former Hence, dihydrostrepto-
myem is the chemotherapeutic agent of chorce, although 1t must be remembered
that it can also produce toxic mamfestations.

Streptomyemn appears to be most effective in the management of recent and
acute tuberculous lesions, and 1its use 1s particularly recommended for the treat-
ment of tuberculous p fa, muliary tub losis, tuberculous pertomitis,
and tuberculous menmgrtis According to the Chnical Subcommuttee of the Com-
mittee on Medical Research and Therapy of the American Trudeau Society, the

dministration of streptomycin 1s ded especially for the following types
of pulmonary tuberculosis: (1) acute bronchopneumonic tuberculosis with
marked symp {2) acute 1 )] ic spread; and (8) chronic disseminated
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nodular tuberculosis without confluent areas of destructive disease, Usually, the
effectiveness of streptomyein is proportional to the extent of the acute portion of
the disease active at the time of chemotherapy.

In generalized miliary tuberenlosis without meningeal infeetion, treatment with
streptomy cin is certainly indicated, and it should be instituted as carly as possible.
The success of this type of therapy i disseminated tubereulosis will ultimately
e determined by the pereentage of three- to fiveyear sunavals,

In tuberenlons meningitis, dramatic remissions may follow the use of strepto-
mycin, but the mortality has not been greatly decreased as yet.

Tuberculous sinuses of the shin and adjacent soft tissues have responded well
to streptomycin treatment and recurrences have been relatively infrequent.
Tuberenlous lymphademtis usually becomes quiescent. Old tubereulous pleural
and anal fistulas are wsually refractory to chemotherapy.

Autibacterial treatment with streptomycin has been effective for uleerative
lesions of the nasopharymy, larymy, middle ear, and trachea. Therapy is usually
follow ed by rehef of pain within one week and healing within two to six weeks,
In tuberculous enteritis the results have been uniformly favorable. Lesions of the
genito-urinary tract may respond well, Sinus tracts and ulcerations of the bladder
may heal, but there 1s scldom any change in the degree of renal damage.

Streptomyemn has a limited but favorable effect on tuberculous infection of
bones and joints, particularly when used in conjunction with surgery. Anti-
bacterial therapy has not changed the prognosis of tuberculous lesions of the
braia.

It must be emphasized, however, that the greatest usefulness of streptomycin
thempy has been in conjunction with other forms of treatment such as rest in
bed, collapse therapy, and surgery. Because streptomycin can be used for periods
of only two to four months in patients with this disease, and because of the
)| of resistant org: it 15 obvious that streptomycin should be
used at the time when the greatest benefit will be realized. The timely integration
of chemotherapy with other established methods of treatment to selected patients
is advocated.

Another benefit of chemotherapy has been the increased possibilities for the
surgical treatment of pulmonary tuberculosis. The reduction of toxemia, improve.-
ment of the patient’s general condition, and resolution of acute exudative lesions,
particularly of the opposite lung, have made thoracoplasty or pulmonary resection
possible for larger numbers,

Strep(omycin.is administered mtramuscularly, but not topically except in the
case of memngitis, when intrathecal injections are advisable. The most effective
dose and period of treatment are still undetermined, A dose o
once daly 15 generally used at the present time,
daily are given by some surgeons. Cunously,
of the effectiveness of streptomycin when
prolonged ntervals.

The use of a combination of antibacterial a
amino-salicylic acid, may postpone the devel,

streptomycin, and may have an additive thera

dey

f 0.5 to 1 gm. given
although doses of 2 to 8 gm
there is no satisfactory explanation
gtven in such small doses at such

gents, such as promin and para-
opment of bacterial resistance to
peutic effect.
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urixe T past few decades carcinoma of the lung has steadily increased in
D importance, This may be accounted for by a number of factors, among the
most important of which are (1) the recogntion of its relative frequency and
apparently increasing incidence, and (2) the gratifying progress which has been
made in its surgical treatment. Until Graham’s pioneering demonstration only 16
years ago that resection of a pulmonary cancer was possible the disease was
considered hopeless. This successful achievement, perhaps more than any other
factor, provided impetus toward a better appreciation of the disease. In many
respects the developments in this condition reflect the rapid progress which has
taken place in this relatively short time in the ficld of thoracic surgery.

INCIDENCE

1t is now recognized that carcinoma of the lung is onc of the most common
types of malignancy, being preceded in frequency in males only by carcinoma of
the gastrosintestinal tract, shin, and prostate, This js a curious reversal of the
opinton held concerming its incidence only a few decades ago, and this c}mnge
from a relatively infrequent to a relatively common malignancy constitutes one
of the most interesting features of the lesion. In a monograph on the subject
published 1n 1912, Adler stated that, “there is complete consensus of opinion . . .
that primary malignant neoplasms of the lung are among the rarest forms of
disease.” Since this statement was made the incidence of carcinoma of the lung
has nisen steadily and at the present time there is general agreement among
m estigators m all parts of the world that the disease ranks highasa primary form
of cancer, comprising from 3 to 5 per cent of all malignancies.

Although there may be some question as to whether this increase in incidence
15 real and absolute or only apparent and relative, the important practical con-
sideration is that virtually all observers who have analyzed the situation in their
wstrtutions have found a steady rise in the occurrence of the disease, Thus, at the
Dresden City Hospital the incidence of carcmoma of the lung as based on al)
mafignant fumors observed in postmortem examinations increased fivefold,
0.92 per cent to 4 66 per cent durmg the 67 year penod from 1852 to 1919, S,i

necropsy studies at the University of Leipzig showed that the incidence of

noma of the lung among all carcinomas had risen from 5.01 per cent to 9 7 per
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of the lung among all postmortem carcinomas during the period 1898 to 1917,
whereas this incidence during the period 1918 to 1937 was 14.6 per cent, Some-
what stmlar increases n the mcidence of bronchiogenic carcinoma in necropsy
sertes have been reported by numerous other observers abroad as well as in this
country.

In an analysis of 5,515 necropsics performed by members of the Department
of Pathology of the Umiversity of Chicago during the 40 year period, 1902 to
1941, Stemner found 126 (23 per cent) cases of primary carcinoma of the lung,
compiising 7.6 per cent of all malignant tumors and 10.3 per cent of all carcinomas
Morcover, 1t ranked fifth in frequency among all types of tumors and third among
carcinomas Durmg the period of this analysis the percentage of lung cancer in
all necropsies mereased about threefold.

There has also been a steady increase in the death rate from cancer of the
lung Thus Harnett found that, whereas the total number of cancer deaths in the
Bntish Empire had mcreased 22 per cent, cancer of the respiratory tract had
wnereased 120 per cent, and the deaths from cancer of the lung 1n males from 1921
to 1930 was 211 per million, whereas 1 1937 1t was 1000 per mullion In a more
recent report of an analysis of death certificates for cancer of the lung and of the
larynx 1n England and Wales for the years 1921-1938 inclusive, Kennaway found
that the meidence dunng this period had increased by 16 5 times in men and by
e1ght times 1 women, although the mecidence of cancer of the larynt had not risen
n erther sex during the last 15 years. According to Clemmesen and Busk, official
mortality figures in Denmark show an apparent nise m lung cancer, particularly
among males These observers reported an increase since 1931 from about 5 per
100,000 to about 25 per 100,000 m 1945 In tlus country Dorn found that between
1913 and 1830 the death rate from cancer of the lung increased 8 7 times, whereas
during this same period there was an increase of only 20 per cent for all forms of
cancer combined Moreover, the death rate continued to increase from 1930 to
1940 to 22 per cent m white females and 78 per cent m white males, or approxi-
mately 25 and 85 per cent per year, respectnely. Dorn further estimates that
between 450,000 and 500,000 people m the Umted States are under medical
treatment for cancer, and about 13.000 are bemng treated for pnimary cancer of
the lung In a later statistical analysis of cancer in the United States Dorn found
that out of every 100 white men who develop cancer 46 will have cancer of the
buccal cavity and digestive system, 17 of the urogemtal system, 17 of the skin,
and 8 of the respiratory system On the basis of vital statistics reports m the
United States for the 10-year period 1936-1945, there was a progressive increase
i the number of deaths from cancer of the lung and pleura, wile for the same
period no sigmficant increase occurred in the death rate for cancer of the stomach
and duodenum (Fig 1)

Our expericnce at the Chanity Hospital in New Orleans reflects this same trend
in the occurrence of the disease. During the 10-year peniod ending December
1946, the annual mcdence of carcinoma of the lung in this institution has risen
steaduly, whereas that of carcinoma of the stomach has shown a slight decrease

(Fig 2) Suggestve of a racial factor is the fact that this increase in incidence
occurred primarily among white patients with Iittle or no change among the
Negro patients This observation obtains further support from a comparison of
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the racial incidence of carcinoma of the Jung and stomach with all admissions.
Wihereas the ratio of white to Negro patients is about 3:2 for carcinoma of the
stamach and perhaps not significantly different from that for all admissions, for

10 year period,
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carcinoma of the lung, this ratio is practically reversed, being 2:1 in favor of the
white race (Fig 3).

Sex IncipENCE
It has long been recognized that carcinoma of the lun.

4 g is predominantly a
disease of the male sex, although no satisfactory explanation for the sex dlSCl‘}Bp-
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ancy has been advanced. According to available statistics, including our own, the
disease occurs about five or six times as often in males as m females (Fig. 4).
In a previous 1eport we found that in a series of 8,575 collected cases in which
@ Janl1536 todanl, 1947
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Frc 8 —Ractal madence of caranoma of the lung and stomach, based on admussions to the
Chanty Hospital i New Orleans duning the 11-year peniod 1936-1916, inclusn e
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the sex was stated, there were 6,769 males (789 per cent) and 1,806 females (21
per cent), According to Dorn, the increase in the death rate from cancer of the
lung mn the United States dunng the peniod 1914 to 1930 was greater among
males than females, the relative increases being 45 and 26 times, respectively.
He also found that whereas the average death rate from all forms of cancer is
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about 9 per cent higher for females than for males, the rate for cancer of the
lungs among males is nearly 2.5 times that among females.

Ace Incinnner

Carcinoma of the lung, like other carcinomas, occurs most frequently in the
fifth, sixth, and seventh decades More than 85 per cent of our cases were in this
age group, with the highest incidence in the sixth decade (Fig. 5). The youngest
patient in this series was 12 years of age and the oldest was 81. In a previously
reported series of 4,307 collected cases, arranged according to decades the follow-

s AGE INCIDENCE g
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Fic. 5 ~Age distnbution by decades in the authors’ senes of 192 resected cases of primary
pulmonary malignancy.

g results were found first decade, 0.16 per cent, second decade, 0.7 per cent,
third decade, 29 per cent; fourth decade, 10.7 per cent; fifth decade, 95.4 e;-
cent; sixth decade, 34.1 per cent; seventh decade, 20 per cent; eighth decade, 5.4
per cent, ninth decade, 058 per cent. Thus, well over half of the patients \’vere
between the ages of 40 and 60 and approximately four-fifths were between the
ages of 40 and 70 years,

ETIOLOGY

The apparent increase 1 the incidence of carcinoma of the lung has stimulated
much speculation concerning 1ts cause. The numerous explanations advanced
to account for this fact have been reviewed in previous publications. They incl d
particularly such factors as occupation, smoking, inhalation of in—itn.tin (>l,ustc . :;
fumes, and previous pulmonary infections, In the analysis of our casges ; anf
these factors was found to bear a significant relation to the occurren nmfle}?
disease. Both occupation and smoking, which have been particularly e ceho -
by some observers as possible etiologic factors and which we \vereyi T’P :;SXZEd
viously to consider more seriously, were found to have no special signncxflilclzncxe’re-

m

this analysis, Perhaps the most sigmficant factor that has been found to affect
Cl
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the occurrence of the disease is the inhalation of radioactive substances. This is
evemplified by the high incidence of carcinoma of the lung among workers in
certarn mines m which demonstrable radioactive dust exists. Thus in the Schnce-
berg munes, 62 per cent of workers who were followed until death died of primary
carcinoma of the Tung, Similar observations have been made among workers in
the pitchblende mines of Joachimsthal, which is across the mountains from
Schneeberg More recently another type of occupational hazard has been found
to bear a significant relationship to the occurrence of carcmoma of the lung This
concerns the chromate-productng mdustry i which an analysis of the mortality

per cent of all dcaths were due to cancer of the rcspnmto;}y system, which is 16
times the expected ratio They also found that the crude death rate for cancer of
the lung was 25 tines the normal and that the mortality rates for lung cancer in
the group 50 ycars of age and under ranged from 20 to 70 times that for a com-
parable industrial group, and for those over 50 years it ranged from 10 to 10 times
that for a comparable industrial group Their data suggest that the mono-
chromates may be the compounds responsible for lung cancer.

PATHOLOGY

Most primary tumors of the lung are malignant, and with few evceptions they
are bronchtogemic 1n origin, One of these exceptions is the diffuse primary alveolar
carcioma of the lung, also referred to as cystic papillary lung tumor, pulmonary
adenomatosis, mucous epithelial hyperplasia, and alveolar cell tumor of the lung
Although there 1s some controversy concermng the origin of these tumors, the
evidence suggests that they are probably derived from Inmg alveolar epithelial
cells Grossly two forms of the disease may be recogmzed, the diffuse form, indis-

hable from lobar p in the state of so-called gray hepatization,
and the nodular form Microscopically the lesion is characterized by alveol-lined,
tall, colummnar, mucus-secreting cells many of which show papillary infolding
Thas form of the disease also dlﬂers from the more common type of bronchiogenic
carcmoma m that 1t occurs with equal frequency in both sexes. Other forns of
primary pulmonary malignancies also occur relatively rarely. In a previous analy-
sis of 193 resected cases of primary neoplasms of the lung, the lesions were found
to be carcinoma 1n 191 and 1 the remaimng 4 eases, one was a neurofibrosarcoma,
one Hodgkm’s disease, one lymphosarcoma, and one malignant melanoma.

Site of ongin 1n carcinoma of the lung 15 often difficult to determine. Its Joca-
tion at the time of examination may represent only the stage of the process.
Barnard beleves that carcinoma arises most frequently at the junction of the
bronchial branch with its parent stem In general, 1t would appear from the
figures on the site of involvement that this 15 a reflection of the relative size of
the vanous lobes of the lung Thus the night lung, which 1s the larger, is invohied
somewhat more frequently than the left. In a previously collected series of 4,732
cases, 538 per cent mialved the right lung and 41.6 per cent the left lung.
These percentages correspond closely with those obtained in our resected series
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EPIDERMOID ADENOCARCINOMA UNDIFFERENTIATED

Fic 6.—Distrsbution by lustologac type and grade of the authors” seres of 190 resected cases of
carcinoma of the lung.
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Fic 7 —Epidermoid (squamous cell} carcmoma of the lung, grade II,
epithelial pearls g, grade II, showmg a few small

and those reported by Bjork The two upper lobes and the right lower Iobe wert
involved with approximately equal frequency, ie., about 24 per cent, whil fle
mncidence of mvolvement in the left lower lobe was about half this £ ’ur 'IE‘Eh i
figures are not much different from those reported by Bjirk. The fgctet.h t e}se
upper lobes i our operative series were involved so frcquentl'y is sigm’ﬁcmi: f‘olre
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Fic § —Adenocarcmoma of the hung, showmng low columnar and cubordal tumor celly forming
wregular gland-like spaces 1a the fibrous stroma, with small papillasy projections of the tumor
extending 1nto the lumen of thesc spaces
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Fic. 9 ——Undxﬂucnmtcd carcinoma of the lung, smu m\u\d cell type, showing Lurly umform
stmall, round, dath-stanng cells without any distinctiné arrangements

as will be pomted out later, this adds to the diagnostic difficulties of broncho-
scopy. In approvimately half of our cases the lesion was situated peripheral to
the lobe bronchi and only about 8 per cent were 1 the mamn stem bionchi.
There have been numerous classifications of carcinoma of the hung, based
usually on the histologic or morphologic appearance of the tumor In the analysis
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of our cases only three major groupmys were used (Fig. 6): cpidermoid {squa-
mous cell) carcinoma (Fig. 7), adenocarcmoma (Fig. 8), and undifferentiated
carcinoma, The finst two forms were subdivided into four grades of histologic
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malignancy and the undifferentiated forms were divided into three sub
according to cell type, first, the small round cell (Fig. 9) and the oat cel

noma (Fig. 10), second, the large round cell and clear cell tumors
third, a miscellaneous group of irregular cell types (Fig. 12) The

groups,
1l carci-
(Fig 11); and
squamous cell
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carcinomas are characterized by a tendency toward keratinization or pear] forma-
tion with central keratinization, The ad i are d of dal
or columnar cells forming tubular or acinar structures with g]:md like spaces in
the fibrous stroma or are mounted on delicate connective tissue stalks in a papil-
lary arrangement. The small round cell type of undifferentiated carcinomas con-
sists of rather uniform, small, round, dark staining cells which have no definite
pattern of arrangement. Differentiation of this tumor from lymphosarcoma may
be made by carcful attention to the structure of the nuclei and to the occasional
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Fic 12 —Undxﬁcremmted caranoma of the lung, representing d\e heterogenous group of these
tumors which are not subclassibed,

not considered as an undifferentiated type. These tumors have been classified by
some observers as sarcomas, but occasional transitions to defimite epithehal struc-
tures have been noted 1n numerous sections In the large clear cell type of undif-
ferentiated carcinoma there are usually a few attempts to form gland-like struc-
tures or small nests of keratinized cells Finally, the unclassified, undifferentiated
carcinomas consist of a heterogenous group of tumors with irregularly shaped
cells,

Metastasis in carcinoma of the lung 1s characterized by widespread distribution.
This is probably a consequence of a number of factors including the invasive
povwers of the tumor, the ready and ample facilities for its becoming blood-borne,
and the abundant lymphatic supply of the lungs. A detailed consideration of this
phase of the subject has been presented elsewhere. The modes of extension may
be listed as follows: (1) direct ion, (2) bronchial mtral I extension,

(3)h g and (4) lymphatic. Direct invasion of contiguous structures
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is obviously a frequent methad of extension, as in malignancies clsewhere, but
jts relative significance in cancer of the lung is particularly great because many
of the neighboring structures in this arca are vital organs which cannot he extir-
pated if invaded, Invasion by this means is one of the most common causes of
inoperability. Bronchial intraluminal estension or the so-called acrogenous route,
sometimes referred to as surface spread, probably occurs relatively infrequently,
In those cases in which the primary lesion originates proximally, this method
may in some instances be responsible for periplicral involvement of the same
lung or the opposite lung. The hematog route of astasis is onc of
the most important because of its frequency and its respousibility for widespread
distribution to such organs as the brain, the liver, the Lidneys, and the adrenals,
and to the bones. This method of extension is more liable to occur in carcinoma
of the lung than in malignancies of other organs because the filtering barrier is
absent.

The overwhelming preponderance of regional lymph node involvement attests
to the importance of the lymphatic route of metastasis. According to Rouviére,
the collecting trunks of the lymphatics of the lung may be divided into three
principal regions, depending upon the lung areas drained: (1) superior, (2)
middle, and (3) nferior. The superior lymphatic region is formed by the superior
and larger part of the upper lobes, and the collecting vessels of this area drain
into the laterotracheal lymph nodes The middle lymphatic region on the right
is formed by the posterolateral portion of the upper lobe, the entire middie lobe,
and the superior part of the lower lobe, and on the left it is formed by the smaller
inferior part of the upper lobe and the superior and middle portions of the inferior
lobes. These collecting vessels drain into the laterotracheal and intertracheo-
bronchial nodes. The inferior part of the lower lobes forms the inferior Iymphatic
region and the collecting lymphatics of this area drain into the intertracheo-
bronchial nodes. A further pathway of lymph drainage from the lungs exists in
the hgamentum latum pulmonis which extends from the lower lobes of both lungs
These lymph-collecting vessels reach a retro-esophageal supmdmphrngmanc node;
which is connected by an efferent transdiaphragmatic trunk to an abdominal
justa-aortic node 1t 1s evident from this brief description of the lymphatic system
of the lungs that ample pathways exist for widespread dissemination of metas-
tases, This fact is also of particular surgieal significance. Since the lym ha(tic
drainage of the pulmonary lobes does not entirely conform to the an;?tomxc

divisions of these lobes, extirpation of possibly involved nodes necessitates their
dissection in the mediastinum

The most frequent sites of metastatic involvement are the regions
m the perntracheobronchial and mediastingl areas Lymph-rbgril:inlg:?gl':s?soies
curred 1n 66 per cent of Bjork’s series, In a series of 8,047 collected m‘se; whi Cl-
we previously reported, the regronal lymph nodes were involved in 72“’ er cex:t‘
The spread of cancer of the lung by the lymphatic route, however, is :oIt)l' it d
to these nodes While in a collected sexies of 1,298 cases n w'n'lch,ﬂ\e m tlml .
sites to lymph nodes were stated, the tracheobronchial nodes were i '61353"‘(.10
about 70 per cent, there was a wide range of invelvement in the e 50 o
cent. Among the latter the abdominal nodes were th, nmontg 80 per
and followg these m order of frequency were th : anSt cmonly involved
e cervical, retroperitoneal, iliac,
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axillary, penipancreatie, supraclavicular, penbiliary, submaxillary, and inguino-
femoral nodes.

Next in frequency to the regional lymph nodes as site of metastatic involvement
1s the hiver. In our collected series this was observed in 33.3 per cent, which is
a relatively high incidence and may be explained on the basis of both hemato-
genous and lymphatic extension. The pleura and lung form the next most frequent
sites of metastasis, and metastases were found in these sites in 29.8 and 2338 per
cent, respectively, of our collected series. The next most frequem sites of involve-

COUGH H174 I 50< %
WEIGHT 1055 0127 IR 5.6 %
DAININCHEST MR35 I G 4.5 %
HEMOPTYSLS M 110 M, 57 57

PREGADRER  N10] Mu—— 53.1 %

INFECTION

DYSPNEA N0 NN 41 57
WEARNESS M) m— )07
WHEEZING WA O 2157,
CLUBBED FINGERS ME31119%

VOICE CHANGE Wt 16 _8.3%
NIGHT SWEATS Ml 14 72%

CHILSBTEVER  M6. 31%

Fic 13 -Comparatine wnadence of recorded symptoms among the authors” senes of 192
resected cases of pnmary pulmonary mahgnancy.

ment 1n our series were as follows bone, 21.8 per cent; adrenals, 20.3 per cent,
kidneys, 17 5 per cent, brain, 165 per cent, heart and pencardium, 12.7 per cent

CLINICAL MANIFESTATIONS

The clinical mcture of carcinoma of the lung is unfortunately not sharply
charactenistic, especially m its early stages. This fact, in addition to the usually
insidious onset, probably accounts in good part for the frequent delay in diag-
nosis In our experience the most frequent manifestations are cough, loss of
weight, pain or discomfort m the chest, a history of a previous respiratory infec-
tion, hemoptysis, and dyspnea, in about that order of frequency (Fig 13). The
next most frequent ifestations are weak lubbed fingers, voice
change, night sweats, and chills and fever. Not infrequently, only one or two
of these manifestations are present, and occasionally the patient has no symptoms,,
the diagnosis being made from a routine roentgenogram of the chest.

Cough, which 15 by far the most common complaint and often the earliest n
deselopment, is unfortunately too easily attributed to smoking and accordingly
may be distegarded or not properly evaluated For this reason it is important to
bear 1n mind that the cough may not be due to smoking but to an early developing

lung cancer, particularly 1n elderly males and especially if the cough persists,
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shows any change in character, or becomes associated with other thoracic symp-
toms. At first the cough is nonproductive, but later it is accompanied with expec-
toration. Although at first the expectoration may he seanty and mucoid, it tends
later to be more profuse and may become mucopurulent or even foul. It is fre-
quently blood-tinged; hemaptysis occurred in well over half of our cases and
should be considered a particularly significant sign.

Another incident which is frequently ignored but which may be a valuable
clue to diagnosis is the history of a previous respiratory infection. This is espe-
cially significant if the patient dates the ouset of his present complaints to the

Fic 14 —(A) Anteropostenor roentgenogram of the chest, showing increased density of the X
upper lung field with shaft of ' Y b lelt
PR pang reld ot shift o the medigsiusy, o left, mdiptng steletass of the Lt upper
and cytolog

completely a

estabhished t

monectomy

shows the I

complete occlusion of this bronchus and atel of the lobe beyond 1t. * °

occurrence of such an illness and notes persistence of symptoms following the
acute phase of the mfection. The Full significance of this series of events isg fro

quently not appreciated until several months have elapsed and considerable re-
gression of the malignant lesion has taken place. The frequency with which 1:]1(?'
oceurs emphasizes the need for greater awareness of the possibility of moms
of the lung as the cause for such manifestations. ¥ 0 carcinoma

Actnal pam 1n the chest is relatively uncommon exce; .

{ndeﬁnite pain or a vague discomfort isy a frequent c()m;;l;?itn:l sozczi‘:rl;nSlsn, but an
imately two-thirds of our cases. Such vague disturbances a;sume SPEC;:lasPig;?E.
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cance if they persist and are not satisfactorily explamed on some other basis.
Loss of weight may not be apprecsable in the carly stages but it is usually pro-
gressive and soon becomes apparent. Later 1t is associated with weakness and
loss of appetite. Dyspnea 15 also not an early manifestation but wheezing ocea-
sionally does appear fairly early, especially if the lesion encroaches on the lumen
of one of the lobar bronchi

The physieal findings in caremoma of the Jung are also variable and; like the
symptoms, are generally not characteristic, especially in the carliest stages of the

;
A B
Fic. 15 —(A) Anteropostenor and (B) lateral | roentgenograms of the chest shawme ~ 1= - 1
shadow 1 the perpheral part of the b -~ *

mantfacsns

disease 1ite nature of the findings depends to a great extent upon the site, size,
and direction of gro\vth of the tumor and the consequent secondary pulmon-
ary festations are more likely to be encountered if the
tumor cncronches on the Jumen of larger bronchi or on the pleura. Thus a rela-
tively small (umor completely occluding a main stem or lobar bronchus will pro-
duce stnking physical findings b of the atel which follows the
bronchial obstruction {Fig 14) On the other hand, a penpherally located tomor
of considerable size which does not cause obstruction to a major bronchus o1
encroach on the pleura may pmduce relah\ ely few physical manifestations
{Fig. 15). Limitation of d breath seunds, and riles
oceur with great \armblhty and are most frequently present n the late stages,
Increasing experience with this disease has emphasized the unreliability of ordi-
nary physical examination as a means of detecting 1ts presence in the early stages.




CARCINOMA OF THE LUNG 9l

DIAGNOSIS

The most important factor in diagnosis of carcinoma of the lung is the consid-
eration of its possible presence. With increasing expericnce we have beeome
mare and more convinced that the key to improvement in the carly diagnosis of
pulmonary eancer lies in the wider recognition and the constant yecollection that
symptoms referable to the respiratory system, no matter how vague or insignifi-
cant they may appear, may be caused by a pulmonary malignancy. This is par-
ticulasly true w males over 40 years of age, and the diagnosis should always be
suspected in such individuals with a persistent cough, unc'(pl:lincd thoracic
discomfort, or hemoptysis.

5::(! 164 Tﬁxnui“()lam(]m?l{l roent[i;enngmm of the chest, showing an irregularly shaped hilar
low on the left side This patient’s symptoms began one year prior to admissi
hlms showed “shehitly d hilar 4 5" nugl shied Dgmfitom n:tfilm: e

diagnosis of “untesolyed” p was made Bronchoscopy was “negative.”

The most important diagnostic procedures include roentgenography, broncho-
graphy, bronchoscopy, and cytologic exammation of the sputum or bronchial
secretions Roentgenography is one of the most useful diagnostic ards in provid-
ing suggestive evidence of bronchiogenic lesions, such information was obtained
m about 85 per cent of our cases. It should be the initial step in the diagnostic
routine in every suspected case, It should be realized, howeser, that in earl,
nonobstructing lesions the roentgenogram may show little or no change, es echlly
if the lesion 15 centrally Jacated where the difficulty of interpretation 1'; x'nI;rea‘se{i
by confusion with hilar shadows produced by other lesians or by normal stru
tures (Fig 16) In this early stage serial roentgenograms, which will reveal -
increase in the size of the shadow as the tumor grows, are particularl val‘ al;l]n
(Fig. 17) It may also be possible in this way to distinguish hilar sha)(,lowsu .
duced by a centrally located lesion from those caused by normal str tPTO‘
Occasionally a routine roentgenogram will reveal a bronchiogenic car o me's
4 patient who has no thoracic symptoms or signs and in whom no ;?,Z?:a:;
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Fic 16B —Same casc as shown m Fig. 16A At op P tomy was petformed and
the gross specimen showed the lesion ansing from the upper lobe bronchus and producing
nodular Ym]echons on the mucosal surface There was metastatic involvement of the tracheo-
bronchal lymph nodes The patient died of recurrence one and a half years after operation.

A B
Frc 17 ~(A) Anteropostenor roentgenogram of the chest, showing a roughly trangular area of
increased density 1 the right mid-lung fielkd The diagnosis st this tme was “tmresolved”

spper respiatory sofection and
e roentgenogram four months

is apparent
" resnltant
1 was con-
nal nodes

pneumonta, the patient had not completely “recorered” from an
assocrated pneumonitls which had begun two months earher (B) T]
later revealed virtually complete mvolvement of the left upper lobe, but much of th
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ncaplasm is suspected. This occurred in 7 patients among our 193 cases in which
pulmonary resection was done for cancer of the lung. Our experience as well as
that of others emphasizes the great value of roentgenography as part of the
routine medical examination of all men in middle fe and beyond.

Thorough rocntgenographic examination should include fluoroscopy, cxposures
in varions positions, and, in some cases, spot fitms, grid films, tomography or
the so-called “body section” technics. The character of the roentgenogram
carcinoma of the lung varies considerably and depends upon the site, size, and
type of lesion. A relatively small lesion, if it occludes a large bronchus, ean pro-
duce a large opaque shadow. In such an mstance the opacity largely reflects the

Fic 184 * ctarcnmm i ~f sha chack chow tnw an avtoncis a aran of anareacad

density 1 ‘

extent of the consequent atelectasis and need not be interpreted as necessarily
representing actual pulmonary invasion by the neoplasm to that extent (Fig. 14).
In fact, atelectasis due to bronchial obstruction, erther segmental or lobar, accom-
panied by varying degrees of pneumonits, constitutes one of the most common
roentgenographic findings 1n carcinoma of the lung Among 231 cases studied by
Bjork, an atelectasis was found in 68.8 per cent. In other instances, however, th}e
roentgenogram may provide good evidence of the actual extent of the If,:sion
(Figs 18 and 19) In still other mstances the picture is suggestive of a lung abscess
(Fig. 20). This may be a consequence of the stasis produced in an area of the
lung drained by a bronchus which is occluded by the tumor or of 1nterfere;1ce with

the blood supply in the center of a rapidly growing tumor which results m necml s
and fection Indeed, the occurrence of a lung abscess in 2 man past 40 yea “sf
age which cannot be satisfactorily explained otherwise shouldpal\m syE on

suspicion of an underlying mahgnancy. This 15 emphasized by the ‘ﬁledi:r:uf)‘;
Brock and of Bjork The former, in an analysis of 363 cases of lung abscess f%)lmd
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that 47 (138 per cent) were due to carcinoma, The latter observed that among
the 44 cases of well defined rounded tumors in his series of bronchiogenic carci-
nomas there were 10 (23 per cent) that showed cavitation on the roentgenogram

Fic 18B —Same case as shown in Fig 18A Although this 1s an evtensve tumor, at operation it
proved to be resectable,

and among the entire series of 231 cases of pulmanary cancer 22 (95 per cent)
showed roentgenologic evidence of abscess of the lung. Such cases are at tunes
diagnosed 1n the roentgenogram by an irregularity of the wall of the abscess
giving evidence of the extension of the neoplastic tissue mto the abscess cavity
Tomographic exammation 1 these cases 1s of particular value because it provides
better visuahzation and sharper delineation of the walls of the cavity. Occasionally
a relatively small lesion 1n the periphery of the lung will produce a large ular
shadow because of mvolvement of the mediastinal nodes, the shadow produced
by the nodes being much larger than that of the onginating lesion
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Fic 19B —Same case as shown n Fig 194 The gross specimen demonstrates tha:
lobe has been practically replaced by the neoplasm,
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A B

Fic 20 —{A) Anteroposterior roentgenogram of the chest, showing m the left Jung a roughly
round area of increased density with a central arez of dimmished density suggestine of Jung
abscess Following failure of intensne atne therapy, lob v was perf d (B
Resected specimen shows the lung abscess Hustologie e ation proved the under]
to be carcinoma of the lung

lesion

Fic. 21A ~Antetopostenor roentgenogram, with a locahzed area of mcreased density 1n the
3t bereul 1

 of the left upper lobe This lesion was first and later
PP eing tmal PP R nloratory th proved it to be bronchiogeme carcimoma,
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In the so-called Pancoast syndrome, produced usually by cancer of the lung
originating in the superior pulmonasy sulcus, the roentgenogram is fairly charac-
teristic, showing a shadow in the apex of the upper lobe with erosion of the first
or second ribs, At this stage the lesion is nonrescetable but in some instances an
carlier stagre of the lesion is observed (Fig. 21).

Bronchography is not an essential or even desirable diagnostic procedure in

reveals the
ild probably
«ain referred

most cases of suspected lung cancer. Occasionally, however, it can provide useful
information n certain forms of the disease For example, in lesions located in

the per}phery of the lung or mvolving the upper lobar bronchi, whtch are beyond
the vision of the t hoscopist, or ional i m which suspicious

it
climcal manifestations exist but ordinary roentgenography discloses no signifi-
cant findings, 1t can be of diagnostic assistance. In such cases bronchograph: gma
permut visualizatton of an obstruction, narrowing, or other abnormflritp gf thy
bronchus and thus provide confirmatory evidence of a primary neo l’lsym e
The most reliable method of establishing a positive diagnosis of brgx;chi(; i
carcinoma 1s by means of bronchoscopic visualization of the tumor and bio gem(f:
the lesion Unfortunately, the procedure is not applicable in a lar psy of
cases, either because the tumor is located so far perpherally ‘as ‘OgZegli?:ﬁ,:é
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the vision of the bronchoscopist or because of 1ts locatton 1n the upper lobes.
Under the latter circumstances, ¥ the tumor is not too far from the opening of
the upper lobar bronchus 1t may be visualized by means of a mirror or a special
bronchoscope which permits periscopic visualization, but biopsy of the growth
is usually not possible Our experience with bronchoscopy, in contrast to some
observers who report incidence of posttive bronchoscopic diagnosis as high as
60 to 75 per cent, suggests that it can provlde a positive diagnosis of carcinoma
of the lung in less than half the cases. In the most recent analysis of our 195 cases
of resection for pnimary pulmonary malignancy it was reported that bronchoscopy
was done 1n 161 (82.6 per cent) and not done in the remaining cases because the
Iesion was Jocated so far peripherally that 1t obviously could not be visualized.
Of the 161 cases submutted to bronchoscopy a biopsy was obtaned in 100
Histologie evammation showed evidence of malignancy in 74. Thus, positive
evidence of malignancy by bronchoscopic biopsy was obtained mn about 46 per
cent of the cases 1n which bronchoscopy was performed, and in only 38 per cent
of the entire series, Careful pathologic examination of the resected lungs pro-
vided a ready explanation for this relatively low incidence. In approximately
half of the cases the lesion was situated peripherally to the lobe bronchi. The
chance of bronchoscopie visualization of the more centrally located tumors 1s
further reduced by the fact that a large proportion onginates in the upper lobe
bronchi beyond easy range of bronchoscopy. It becomes apparent, therefore,
that bronchoscopy has definite limitations as a procedure for establshing a
positive diagnosis of pulmonary cancer and that 2 large proportion of patients
with this disease would be denied proper treatment 1f aperation were hmited to
those 1 which a positive biopsy 1s obtated It should be recalled, however, that
even mn cases in which 1t cannot provide a positive diagnosts, bronchoscopy may
be of considerable value to the surgeon in determiming the extent of the lesion
and the consequent planning of the surgical treatment For example, integrity
or paralysis of the vocal cords, compression, displacement, or fixahon of the
trachea or bronchi, or evidence of marked widening of the canna provide useful
information concernmg the nature and extent of the lesion, operability, and
surgical management,

Cytologic exammation of the sputum or bronchral secretions 1s another valuable
diagnostic procedure and one which, with increasing evpericnee, may prove to
be the most useful of all diagnostic methods It would seem to have particular
value m cases m which the tumor is beyond the range of bronchoscopic visualiza-
tion, Although this diagnostic procedure was proposed as early as 1877, by
Hampeln, 1t received httle serious consideration for almost a half a century
In 1935, Dudgeon and Wrigley directed attention to 1ts practical usefulness Even
after their report, mterest in the method lagged until Papamcolaou published
his studies emphasizing the diagnostic value of the smear test for mahgnant
neoplasms with a free surface Much impetus was gren this method of diagnosis
by these studtes, and numerous observers have since directed attention to its
practical value 1n the diagnosis of carcinoma of the lung. Thus, Herbut and
Clerf reported positive results 1n 82 4 per cent of 57 cases of bronchiogenic carci-
noma, in therr last 27 cases posttive results were obtamned in 925 per cent They
believe that ination of } hoscopically remosed secretions 1s superior to

~
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examination of the sputum, and in addition the former method provides a means
of localizing the source of the malignant cells Positive results of sputum examina-
tion were reported by Papanicolaou m 84 per cent of 25 prorved cases of carci-
noma of the lung, Woalner and MeDonald, i a recent report of their analysis
of 200 cases in which a diagnosis of carcinoma was made by this means, found
that a final diagnosis of lung cancer was established in 190 (95 per cent), and
that of the remaining 10 cases, 4 proved to be cancer of the esophagus, larynx
or trachea, 4 proved to be falsely positive, and 2 remained undetermined. There
can be no doubt from recent reports in the hiterature that the method is proving
increasingly successful and deserves wider appheation.

Although the demonstration of tumor cells m aspirated pleural fluid is of diag-
nostic value, the method has greater prognostic than diagnostic significance.
While it may establish the diagnosis, 1t usually indicates a hopeless prognosis.

Aspiration biopsy has also been suggested as a diagnostic method, but in our
opimon 1t should be himited to patients with bronchiogenic carcinoma in whom
operative mteryention is defimtely contramdicated. Although the procedure may
provide a positive diagnosss, it is undesirable because of the danger of implantation
of tumor cells m the tissues traversed by the biopsy needle. This is not merely
a rare possibility. We have observed 3 patients in whom implants have occurred
along the site of the aspirating needle, a cure being precluded because of the
implanted carcinoma on the thoracic parictes This complication has also been
reported by others

In a certam proportion of cases a positive diagnosis cannot be established
except by exploratory operation A positive diagnosis was established prior to
surgical exploration in 117 (60 per cent) of our 195 cases of resection, and in 208
(678 per cent) of the entire series of 307 cases in which exploration was done.
Thus, 1n approxmately a third of our cases, exploratory thoracotomy was done
in the absence of a posttively established diagnosis. This 15 not greatly different
from the experience recently reported by Johnson, Clagett, and Good who found
that in their operative series of 123 cases of bronchiogenic carcinoma, the drag-
nosis was established by exploratory thoiacotomy in 60 (48 per cent). On the
basis of our expenience we are convineed that in cases in which there is good
suggestine evidence of pulmonary cancer but in which the diagnosis cannot be
established preoperatively despite thorough studies, e,\plom(ory operation is
justified. Exploratory thoracotomy 1s a procedure which now carries a minimum
risk, and if 1t is not appled 1n properly seclected cases many patients with carci-
noma of the lung will be demed the opportunity for cure. Obviously explorator
thoracotomy should be employed under these circumstances only in pro erly
selected cases for, as emphasized by Churchill, 1t is important “to deterI:ninZ
whether the only chance offered by surgical treatment is in truth a reasonable
(Cll(l)z‘ilr};cte; or whether the cancer 1s surgically ‘out of bounds beyond any reasonable

TREATMENT

The only curative treatment for carcimoma of the 1
of the tumor-bearing lung and regronal lymph nod
should be performed before the leston has extended

ung is surgical extirpation
es. Ideally, the procedure
beyond the confines of the
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lung It 15 now generally agiced that irradiation therapy is of little or no value
in the effective control of the disease and should be used only as a palliative
procedure to alleviate symptoms m inoperable cases Similarly nitrogen mustard,
methyl-bis (beta-chloroethyl) amine hydrochloride, has been reported to be of
possible value in alleviating symptems n inoperable cases. Our experience with
this agent i moperable cases of carcinoma of the lung, as well as that of others,
suggests that the comse of the disease is not significantly altered but that in
perhaps half the cases temporary alleviation of symptoms is obtained.

With increasing experience we have come to beheve that there are relatively
few contramdications to exploration As we have broadened the criteria of oper-
abihty, or more accurately, restricted the contraindications, we have increased the
proportion of resectable cases Involvement of the phrenic or recurrent laryngeal
nerves 1s not considered by itself a definite contrandication, for such involvement
was present in several of our patients i whom resection proved possible. At
present our indications of definte moperability are the demonstration of distant
metastasts, obvious involvement of the trachea or carina, and the presence of
malignant cells m the aspirated pleural fluid. In the absence of these findings 1t
15 our practice to consider operation, because exploration frequently reveals
that a lesion which climeally appears to be inoperable 15 actually resectable. A
similar opnion has been recently expressed by Gibbon

Qur experience has also led us to believe that the proportion of resectable cases
may be further increased by the use, in addrtion to resection of the lung, of cer-
tain supplemental procedures in cases m which the growth has extended beyond
the substance of the lung These procedures nclude resection of a portion of the
pencardrure or heart with intrapericardial hgation of the hular vessels and suture
of the auricle, and resection of a part of the diaphragm or thoracic wall In such
cases the resection must be considered palliative, for these supplemental pro-
cedures must be apphed only for extensive growths that have extended beyond
the borders of the lung, Qur justification for performing such palhative resections
whenever the risk entaled 1s not excessive has the following basis: (1) The
rem'undcl‘ of the patient’s hfe 1s more comfortable when involved, necrotic, and

£ y tissue 15 d, b he is spared the sepsis and con-
tinued e‘(udahun which he would otherwxse be obliged to endure. The procedure,
therefore, seems warranted from the humanitarian standpoint alone. (2) There
1s some evidence, as will be shown later, that pallative resection influences
favorably the period of survnal In fact some of these patients have survived
five years with no evidence of recurrence.

Like patients with other forms of cancer, patients with carcinoma of the
lung are frequently not 1n the best condition to withstand an extensive surgical
procedure. To a varying extent they may show evidence of loss of weight,
protemn and vitamin deficiency, secondary anemia, assoctated pulmonary infection
and cardiovascular disturbances For these reasons thewr preoperative manage-
ment is of considerable smportance, and, in so far as possible, these factors should
be controlled or corrected m order to reduce the risk of operation Associated
pul y mfection may be satisfactorily controlled with pemeilin although in
some instances the use of bined ch therapy with penicill i)
and streptomycin may be desirable. Because of the assocmted infection and
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nutritional depletion, these patients often have vitamin deficiency, particularly
of vitamin C; preoperative vitamin therapy is, therefore, usually indicated.
Of particular importance in the preoperative care of these patients is the restora-
tion of hemoglobin and protein deficiency. Because of their chronic debilitating
illness these patients often show pronounced reduction of total blood velume and
serum proteins with significant degrees of anemia. Our experience has led us to
Dbelieve that these deficiencies are best corrected, in so far as preparation for
operation is concerned, Dy the ample use of whole blood transfusions. The
average amount of blood required for this purpose in our series of cases was
1500 ce. As might be expected in patients in the age group in which lung cancer
is most frequent, cardiovasenlar disturbances are not uncommon. As will be
indicated later, our experience has shown that these disturbances may contribute
sigmficantly to the operative mortality For this reason we were prompted to
include a cardiologist in our thoracic team in order better to control these dis-
turbances both preoperatively and postoperatively.

TecunicaL CoNSIDERATIONS

In our experience, closed intratracheal anesthesia with cyclopropane for
induction followed by cther-onygen has proved generally satisfactory. Ample
amounts of whole blood, at least 1500 cc., should be available in the operating
room. Venoclyses should be started at the beginning of the operation in two
separate \veins using large bore needles or trocars, for it 1s sometimes desirable
to administer blood rapidly durmg the operation.

We are still of the opinion, as expressed in previous publications, that pneu-
monectomy 1s the procedure of choice because 1t permits more thomugh extirpa-
tion of the involved tissue and the possibly mvolved hilar nodes. Simple Iobectomy
is reserved as a palliative procedure and for the occasional patient in whom
preumonectomy cannot be tolerated.

Both the anterior and the posterolateral approaches are employed by us, the
former being preferred in certam elderly patients with diminished cardiovascular
reserve because it has seemed to us that this position is better tolerated, The
posterolateral approach is used if the diagnosis 15 in doubt and a lobectomy may
be indicated, if there is evidence of dense adhesions, or if there is peripheral
extension of a posterior or lateral lesion. In the anterior approach, as proposed
by Reinhoff, the patient is placed 1n the supine position with the operative side
shghtly elevated by placing sandbags beneath the shoulder and hip of the
affected side, and the arm on this side 15 supported anteriorly over the face. A
lateral cutaneous incision is made over the third mtercostal space, extending from
the midportion of the sternum to the mdaxillary line, The pectoral muscles
are divided and the intercostal muscles and pleura are incised close to the upper
border of the fourth mb. The third and fourth costal cartilages are divided
subchondrally at their sternal junction The internal mammary vessels are then
divided between hgatures of crochet cotton { Number 20) or heavy silk, The
thoracic wound may then be opened by separating the third and fourt}; ribs
with a rib spreader. In some cases we prefer a slight modification of this

anterior approach by entering the thorax through the bed of th
e sub ;
resected third rib and its adiammng costal rarbilama T e —oee v ! p‘erlosteall}
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the patient 15 placed in the lateral decubitus position, The classical posterolateral
meision is employed, beginming about the level of the fourth interspace
posteriorly midway between the scapula and the vertebrae, and extendimg down-
ward and anteriorly to curve around the tip of the scapula to or just beyond the
antertor axillary line. The inaision 1s deepened through the muscular structures
overlying the nbs and the pleural cavity entered through the bed of the sub-
peniosteally resected fifth or sith ribs depending upon the position of the lesion
in the lung.

After the pleural cavity has been opened, the lung is mobilized by division
of any adhesions which may be present by sharp dissection, and resectability
of the lesion determmed. A longitudinal incision is then made 1 the mediastinal
pleura immediately posterior to the phrenic nerve and extended above and
below around the hilum A flap of mediastinal pleura 1s thus formed, which is
elevated to expose the mediastinal and hilar structures. Care is taken in mobihzing
this flap to avoid injury to the phrenic nerve and pericardiophrenic vessels.
The individual Inlar vessels, beginming with the pul y artery, are isolated
by careful blunt dissection with small pledgets of cotton or gauze on the end
of forceps and with the index finger Each of these vessels is doubly ligated
and doubly transfived with heavy cotton (Number 20) or with heavy silk, The
two transfixation higatures hie between the two plain ligatures, and the vessels
are divided between the two transfivation ligatuies. It 1s desirable to secure
a relatively long length of the pulmonary vessels and for this purpose a special
techme of “walking the igature” has been used This consists of placing he
thumb and forefinger around the vessel distal to the ligature and then miking
the hgature medially as far as possible by “creeping” or “walking” with the
thumb and forefinger The operator holds s fingers m this position as the
higature 15 tied by the t In some where, of encroacl
of the tumor, 1t 15 not possible to secure an adequate length of the vessel to permit
the application of quadruple higation, a clamp 1s substituted for the two distal
hgatures on the pulmonary side of the vessel and the vessel is divided immediately
adjacent and proximal to the clamp so that a relately long portion of the vessel
remains on the proumal stump After the pulmonary artery and the superior
and inferior pulmonary veins have been sceured and divided in this manner,
the bronchus 1s freed and isolated close to the carna and divided between clamps
The lung 15 removed after division of the posterior reflection of the pleura, A
series of end-on interrupted cotton or silk sutures 1s used to close the bronchus,
care bemg taken to assure complete sealing of the cut ends After thorough
dissection and extirpation of all available mediastinal lymph nodes, careful
pleuralization of the mediastinum 1s highly desirable. Whenever possible, the
edges of the divided mediastinal pleura are approumated to cover the stumps
of the hgated vessels and bronchus If there is an msufficient amount of pleura to
cover the hilar stump satisfactonily, a free plewal graft o1 a pleural flap from
the pericardium or from the lower part of the mediastinum may be used. The
thoracic wound is then closed without drainage by approximation of the layers
with interrupted cotton or silk sutures

Immediately followmg the operahon every effort 1s made to remove rchmed
secretions from the remaining & hial tree, bronchoscopy being per-
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formed for this purpose if necessary. Ovygen is usually administered by means
of a nasal catheter during the first 21 hours postoperatively. Until the patient has
completely recovered from the anesthetic, he is kept in the supine position; then
hie is placed on a back rest, Coughing and active movement are encouraged carly,
Intravenous fluids and blood are admimstered as required. Usually by the second
or third day the patient is permitted out of bed and generally leaves the hospital
between the seventh and tenth days.

MORTALITY

During the past 16 years since the first successful pneumoncetomy for cancer
of the lung was performed by Evarts Graham, there has been a steady reduction
in the operative mortality. This 15 demonstrated by our own experience. For
example, during the first fisc-year period, 1936 to 1940 inclusive, the hospital
death rate following resection was 545 per cent, whereas during the last year
(1918) 1t was only 15 per cent. It may reasonably be assumed that this progressive
reduction is a reflection of ymprovements in surgical technic, in anesthesia, and
in preoperative and postoperative care,

Although the present operatise mortality still seems relatively high, an analysis
of the causes of death leaves some doubt that it can be materially reduced without
restricting the critena of operation. Among the 45 deaths (23 per cent) in our
reseeted series of 195 cases, 20 were caused by cardiovascular disturbances, 13 by
respiratory infections, 7 by hemorrhage, and 5 by muscellaneous complications
such as peritonitis, septicemia, pneumothoray, and anesthesia. These latter causes
are chiefly due to technical errors and are, therefore, preventable. Those resulting
from mfection may also be considerably reduced with more effective chemo-
therapy. But among the recent cases these causes account for only a small part
of the mortality while the major cause of death following operation 15 a conse-
quence of cardiovascular disturbances. These distorbances are frequently present,
together with other constitutional diseases, in many patients in the age group
m which pulmonary malignancy is most common. They represent an unavoidable
element of risk which must be assumed 1n the surgical treatment of this condi-
tion unless the criteria of operability are so strictly imited that patients in whom
this complication 1s hable to occur are excluded from surgical treatment and are
thus denied their only chance of life While this might permit a reduction in the
postoperative mortality of the disease, it would not reduce but rather tend to
increase the final mortality of the disease. As already mdicated, a cardologist
was added to our thoracic team 1n the hope that with greater care in the prep-
aration of these patients for operation the risk of cardiovascular deaths could be
reduced

Another factor which tends to mcerease the operative mortality is the effort
to extend resectabihity to cases with extensive growths This is shown
experience with palliative and curative resections. In our most recent anal
195 cases of resection the procedure was considered palliative
cent) and curative i 57 (292 per cent),
extension of the lesion beyond the borders
histologic demonstration of regional lymph no

by our
lysis of
e in 138 (70.8 per
the former being determined Pby
of the lung either grossly or by
de metastasis, and the latter by the
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the patient 1s placed in the lateral decubitus position, The classical posterolateral
masion 15 employed, beginmng about the level of the fourth interspace
posteriorly midway between the scapula and the vertebrae, and extending down-
ward and anteriorly to curie around the tip of the scapula to or just beyond the
anterior axillary line. The incision is decpened through the muscular structures
overlying the ribs and the pleural cavity entered through the bed of the sub-
periosteally resected fifth or snth ribs depending upon the position of the lesion
in the lung.

After the pleural cavity has been opened, the lung 1s mobilized by division
of any adhesions which may be present by sharp dissection, and resectability
of the lesion determined A longitudinal incision 15 then made in the mediastinal
pleura immediately postertor to the phrenic nerve and etended above and
below around the hilum. A flap of mediastinal pleura is thus formed, which is
elevated to expose the mediastinal and hilar structures. Care is taken in mobihzing
this flap to avoid mjury to the phremc nerve and pencardiophrenic vessels
The ndividual hilar vessels, begimning with the pulmonary artery, are 1solated
by careful blunt dissection with small pledgets of cotton or gauze on the end
of forceps and with the index finger Each of these vessels 15 doubly hgated
and doubly transfited with heavy cotton (Number 20) or with heavy silk. The
two transfivation higatures Lie between the two plain hgatures, and the vessels
are divided between the two transfixation ligatures It 1s desirable to secure
a relatively long length of the pulmanary vessels and for this purpose a special
techme of “walking the ligature” has been used This consists of placing ihe
thumb and forefinger around the vessel distal to the ligature and then milking
the ligature medially as far as possible by “creeping” or “walking” with the
thumb and forcfinger. The operator holds s fingers in this position as the
higature is tied by the In some i where, because of encroact t
of the tumor, 1t 15 not possible to secure an adequate length of the vessel to permat
the application of quadruple ligation, a clamp is substituted for the two distal
hgatures on the pulmonary side of the vessel and the vessel 15 divided immediately
adjacent and proximal to the clamp so that a relatively long portion of the vessel
remains on the provimal stump After the pulmonary artery and the superior
and mferior pulmonary veins have been sccured and dwvided in this manner,
the bronchus 1s freed and 1solated close to the carina and divided between clamps
The lung is removed after division of the posterior reflection of the pleura, A
sertes of end-on iterrupted cotton or silk sutures is used to close the bronchus,
care being taken to assure complete sealing of the cut ends After thorough
dissection and extirpation of all avalable mediastmal lymph nodes, careful
pleuralization of the mediastinum 1s hughly desirable Whenever possible, the
edges of the divided mediastinal pleura are appiovimated to cover the stumps
of the ligated vessels and bronchus If there 1s an msufficient amount of pleura to
cover the hilar stump satisfactonlly, a frec pleural graft or a pleural flap from
the pericardium or from the lower part of the mediastinum may be used. The
thoracic wound 1s then closed without drainage by approximation of the layers
with interrupted cotton or sitk sutures .

Immediately following the operation every effort 15 made to remove retained
secretions from the remainmg tracheol hial tree, b h py being per-
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Analysis of the data to determine whether the progressive improvement
through increasing eaperience, which has taken place in operability and mortality
might be reflected in the survival rates revealed no significant differences before
and alter 1912, This suggests that although improvements m technical manage-
ment have resulted in a reduction of the hospital mortality they have everted

TABLE 1
Inciener or Oriramum anp Resicramiuim v Priviany Carcivona oF e Lune
Cascs Cases
No. Explored Resceted
of Cases Per Per
Authors Obseried No.  Cent No Cent
Churchill 1910 158 52 3833 27 17.3
Bumnett 1941 102 31 333 12 1.7
Felter 1913 31 6 193 [ 0
Orerholt 1943 165 80 485 41 248
Claggett and Bromdley 1934 493 90 182 45 91
Adaras 1946 157 91 59.8 49 312
Cames et al 1946 107 21 196 12 112
Edwards 1946 1,016 173 170 70 6.8
Reinhoff 1917 327 112
Jones 1947 106 66 336 39 199
Humphreys 1947 125 42 338 29 232
Sellors et al 1817 246 130
Brantigan 1918 63 a7 58.7 20 317
Gagnon 1948 224 86 384 49 219
Wenzl 1918 120 36 300 10 83
Lambert 1948 319 70 200 53 73
Noms 1048 269 30
Leviit 1918 100 18 180 1) 1.0
Lindskog and Bloomer 1948 200 7 360 33 185
Gibbon et al 1918 56 31 535 21 375
Graham 1948 434 251 57.8 101 238
Brock 1948 666 125 18.8 5 1n1
Camblos et al 1949 115 42 36.5 19 165
Total® 4,875 1426t 297 688 141
Authors” senes 548 307 560 195 356

* The figures shown for Rienhoff, Sellors et al, and Norris are not included m the total
t This figure may actually be somewhat higher for it does not include a small proportion of cases m

which operation was refuse
little influence on the survival rate, and that other factors such as the nature
and extent of the growth are of greater importance 1n this connection,

The most significant factor affecting the prognosis is the status of the growth;
1e, whether or not the lesion has extended beyond the borders of the lung
at the time of operation This is clearly shown by a comparison of the survival
rates between patients with palliative and curative resections, the former betng
those in which the lesion had extended beyond the borders of the lung and
the latter being those in which the lesion was still confined to the lung Whereas
the five-year survival rate for palhatne resections was 12.5 per cent, the com-
parable rate for patients with no extrapulmonary extension of the gro’wth at the
time of operation was mncreased almost fourfold (Fig. 23). The fact, too, that
even among patients with palliatine resections there was a ﬁve-yea’r su;vival
rate of somewhat aver 10 per cent 1s particularly significant, for it lends support
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absence of these critena. Incidentally the fact that in 7 out of 10 cases in which
resection was possible the leston was recogmzed as bemg beyond the likelihood
of surgrcal cure emphasizes the need for carlier diagnosis The potentially greater
operative rish 1n palliative than in curative resections is shown by the fact that
therr corresponding operative mortalities were 258 per cent and 17.5 per cent
Of interest 1n this connection and as further evidence of improved management
of poor nisk patients is the fact that the operative mortality among these palliative
resections has been signtficantly reduced in recent years, the actual figures being
61 2 per cent prior to 1942 and 20 per cent since that date.

An analysis of our experience with primary pulmonary malignancy based upon
a series of 548 cases, which has been recently presented, shows that there are
a number of factors influencing the prognosis and survival. Among the most
important of these are early recognition and proper treatment, the nature and
extent of the growth, the degree of malignancy, and the sex and age of the
pattent.

Of the 548 patients with primary pulmonary malignancy, 194 (354 per cent)
had moperable lesions, 47 (6 per cent) refused operation, and 307 (56,1 per cent)
had exploration Of the 307 explorations, the lesion was found to be resectable
m 19535 6 per cent of the total series. In brief, this means that of every 3 patients
with carcinoma of the Iung, one had an obviously moperable lesion, one had a
lesion found to be moperable at exploration (or refused operation), and one
had a resectable lesion. Although these incidences are somewhat higher than
those found in a collected series of 4,875 (297 per cent for exploration and 141
per cent for resection), they are in accord with those appeaing in the more
recent reports wiich reflect an encouraging trend toward higher incidences
(Table I). This 1s particularly well Mlustrated by Byork’s analysis of 996 cases of
bronchiogenic earcinoma treated at the Brompton Hospital for Discases of the
Chest and at the Royal Cancer Hospatal (Free) in London from 1937 to 1946
For the entire series exploration was carried out n 152 (158 per cent) and
resection done 1 75 (75 per cent). Duning the period covered by this study,
however, there was an almost threefold increase in the resectability rate, the
actual figures being 5 1 per cent in 1937 and 135 per cent in 1944, While these
figures, as well as those indicated above, suggest a progressive improvement
in operability, they are still much too low and emphasize the need for wider
recognition of the problem and for earlier diagnosis.

Follow-up studtes were made on every patient in our series in whom resection
was done and the survival rate over a five-year period has been calculated from
these data. The results of this analysis show that a httle more than half (52.9 per
cent) of the patients in whom resection was performed survive the first six
months, somewhat more than a third (363 per cent) the first year, and almost
a fourth (239 per cent) live five years or longer (Fig. 22) Thus, it may be
observed that the distribution curve for the survival rate after resection drops
rather rapidly within the first year after resection for carcinoma of the lung, but
by the second year 1t begins to be stabilized and continues almost as a plateau
from the third to the fifth year. The assumption, therefore, seems warranted that
a patient who hves through the second year after operation has a good chance of
being alive at the end of five years.
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to our conviction that efforts to perform these resections are justified both for
symptomatic relief and prolongation of life
A comparnison of these survival rate figures for the resectable cases with those

b d from the ble cases provides further basis of the value of
P
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Fic 22 —Gross survnal rate after resection 1n the authors’ senes of 212 cases of primary
pulmonary malignancy.

surgical treatment 1 caremoma of the lung, The cases 1n which resection was
not done were dinided into two categories—those in which there was no surgical
treatment at all because the patient refused operation or the growths were
inoperable, and those in winch exploration showed the growth to be nonrescctable.
The respective survival rates of these two groups, however, were practically the

" ok
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Fic. 23 —Comparatne survival rates of curative and palliative resections in the authors’ senes
of 190 cases of pnmary carcinoma of the lung,

same, with over 95 per cent of the patients dying within the first year and
none surviving three years (Fig. 24). A graphic comparison of the results
in these cases with those m which resection was possible both for Jocalized and
nonlocahized growths makes clear these differences 1 survival rates and some
of the factors affecting them (Fig. 25).

On the basis of our present expenience the gross survival rate in carcinoma
of the lung at the end of five years is 75 per cent (Fig. 26). While this is not an
encouragngly high figure, 1t 15 as high or higher than the corresponding figure
for carcinoma of the stomach, which according to our experience as well as
that reported by others does not exceed 6 to 8 per cent at the highest and in some
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series 15 as low as 2 to 4 per cent It should be recalled, however, that the
relative frequency and the general clinical as well as the surgical importance
of gastric cancer have been realized for a Jonger time than lung cancer. This
may be reflected by a comparison of their operability and rescctability rates.
Thus among relatively recent reports in a collected series of 20,235 cases of
carcinoma of the stomach esploration was done in 12,120 (599 per cent) and
resection in 5,439 (269 per cent). It may be observed from Table I that in a
comparable collected senes these corresponding figures are 29.7 per cent and
141 per cent, and for our senes, 56 0 per cent and 856 per cent. Yet the five-
year survival rate in careinoma of the lung 15 as good as, if not better, than that
for carcnoma of the stomach. These observations would seem to justify the
opinion expressed previously that: (1) the rate of cure in carcinoma of the lung
15 now as good, if not better, than that in carcinoma of the stomach, in spite of
the fact that there has been a greater general awareness of the latter, (2) with
greater apprecration by the profession of the problem of carcinoma of the Jung
and a consequent imcrease in the proportion of cases diagnosed early, there
should be further improvement 1n the results of surgical management.

Other factors that may concewvably affect the survival rate are age, sex, and
histologic types and grade of malignancy. Using fatality rates, ie, the number
of deaths per patient year of observation, to determine the influence of age upon
survival 1t was found, as might be expected, that fatality rises with inereasing
age. It was also observed that the greatest increase in fatality which occurred
after the age of 60 was caused principally by early postoperative death, which
fact supports the chimcal mmpression that the hazards of operation are greater
with increasing age.

The predominance of the male sex in carcinoma of the lung and the cwmious
fact that 1n men epidermoid carcinoma occurs more than two and one-half times
more frequently than adenocarcinoma, whereas m women this ratio is com-
pletely reversed, suggest that the sex factor is sigmficant in this form of
mahgnancy, This 1s further supported by the fact that a comparison of the
survival rates following resection m the two sexes revealed a consistently more
favorable prognosts for women than men over a five-year period.

The sigmificance of histologic type and grade of tumor 1n prognosis is demon-
strated by a comparison of their respective survival and fatality rates Thus the
most favorable survival rate was found m patients with epidermoid carcinoma
zmd the poorest in those with undifferentiated carcinoma, wlile 1n those with

it was 1ntermedi: Among both the epidermoid and adenocar-
cinomas there was a progressive rise in fatality rates from Grades I and II to
Grade IV. Among the undifferentiated carcinomas, the small cell and oat cell
tumors carmed the lowest fatality and the large round and clear cell tumors
the highest, with the miscell group intermedi:
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Pancreatitis
VINTON E, SILER, M.D. AND JOHN H. WULSIN, M.D.

HE PANCIIAS WAIANTS special consideration by the physician for several
Trcncons. Its anatomic location deep within the abdomen secludes it from
clinieal examination. The pathologic states which affect the pancreas are dis-
tl“gllish(‘d I)'\' ll‘ysl(‘riﬂlls onsct, \L‘]l(‘"’lL‘n( (IC\'C!OP"\C"(, ﬂ"d gl’ﬂ\(,' CﬂnS(‘qllL‘llCcS-
As a source of powerful digestise enzymes, the pancreas is the seat of peculiar
biochemical and phystologic processes. Finally, the pancreas produces a vital
internal secretion, the hormone insulin, which regulates carbohydrate metab-
olism,

The word “pancreas™ is derned from the Greek words “pan,” meaning “all”
and “kreas”™ meanmg “flesh” and thus s literally translated “all flesh.” The term
mdicates that the argan 1s uniform in composition and consistency, and contains
no bone or cartilage

The chmeal management of acute pancreattrs poses a problem that is an
mtegral part of the larger problem of abdominal surgery. Because of the intimate
association of the pancreas with neighboring organs, inflammatory disease
of the pancreas frequently disturbs the proper functioning of surrounding
structures. The clinical diagnosis of pancreatitis 15 not always easily made,
and pancreatic inflammation 1s often mistaken for other clinical entities of the
upper abdomen A review of the literature reveals that much scientific factual
knowledge concermmng pancreatitis 1s lacking and that there is dispute about
many phases of the disease The present concepts of the physiology and the
pathology of the pancreas do not allow physicians 1n general and surgeons in
parhienlar to approach with diagnostic certainty the treatment of inflammatory
diseases of this organ, The purpose of this monograph is to discuss some of the
problems mvolved 1n the understanding and treatment of pancreatitis.

EMBRYOLOGY

The pancreas arises from two distnct primordia; both are entodermal, one
from the duodenum, and one from the common bile duct The common bile duct
primordium, sometimes bilobular, 15 the ventral pancreas, when 1t is bilobular,
the left member usually atroplies, The duodenal primordium which arise;
mmediately proximal to the junction between the intestine and the common
bile duct becomes the dorsal pancreas. The ventral
common bile duct rotates around the duodenum t
descnibing an are of 270°. In its defimtive position to the left of the duodenum
and just below the duodenal primordium, the ventral pancreas fuses along 1ts
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the other. The islands of Langerhans do not have an exerctory duct system,
and therefore their product is termed an internal secretion or hormone, in this
instance insulin. The islands vary in size from only a few cells or even a single
one to many cells with an aggregate diameter of approximately 8 mm. The
islet cells are arranged in cords with numerous intervening capillarics. Normally
the islands lie between the acini (interacinar) in the parenchymal stroma of the

Stomach Hepatic  Ventral
uct  pancreas

Cystic dud,
Dnlml 2
Call bladder pancress Gall bladder ’é Dorsal pancreas
Common duct

Ventral pancreas

Gall bladder

Anastomosis i
of ducts f,",',;’,’,’,',,
D
Major
popilia

Dorsal pancreas Ducdenum

Ventral pancreas

c

Fic 1 —The vanous stages of embryologic development of the pancreas and ats duct syste:
(Arey, LB Deteloy ! Anatomy, W. B. Company, 1046)

lobules, but some may be located 1n the connective tissue between the lobules
(mnterlobular),

ANATOMY

The pancreas, “the abdomnal salivary gland,” Les molded across the spinal
column, 1ts head on the right 15 enclosed in the loop of the duodenum, and itg h‘il
on the left 15 1n contact with the spleen. It varies between a ]ight’stra\v coior
and a red, according to the amount of blood within the organ It weighs fro)
30 to 150 gm or more, and 1ts speafic gravity is about 1.045 The len 51 in s'tm
1s approxmmately 15 em It consists of an enlarged descendmg part ongthe bal ;1:[
the head, and a long body which extends transversely from right to Iefl-]gtl .
body may be divided mnto neck, body, and tail for descriptive purposes \i/l .
the organ 1s removed from the cadaver and straightened, it reselglbzzs , llen
m shape, 1f the body be considered as the barrel T}’le shape of t? IEV;) nd,
however, 1s so mucl.l influenced by the surrounding parts l‘haiJ 1ts tru]ef gane,
seé;,l or;\y 1dn 1ts undisturbed position, or after hardening in situ beforeerefl:)n lls

he head 1s a rounded but irregular disk lying closely against the first, seco‘::].
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distal border with the mud-portion of the dorsal pancreas The fusion gradually
progresses toward the duodenum, mvolving comaidentally a fusion of the ducts
of the two primordia  Meanwhile, the duct of the dorsal pancreas (duct of
Santorimt) becomes constricted or even stenosed, and remamns as the accessory
pancreatic duct. The duct of Wirsung, the chief pancreatic duct, is in its proximal
or duodenal third derived from the duct of the ventral pancreas and empties
together with the common ble duct mnto the duodenum at the papilla of Vater.
The ventral pancreas of the embryo forms the greater part of the head of the
mature pancreas. The dorsal pancreas becomes the remainder of the head,
the body, and the tml The distal two-thirds of the duct of Wirsung is denved
from the duct of the dorsal pancreas By the invasion of surrounding mesen-
chymal connective tissue the prumtive entodermal pancreas 1s drvided and sub-
drvided into lobules of glandular tissue, some lobules are larger than
others, but functionally they are sumlar

Because the duodenal end of the duct of Santorim usually becomes con-
stricted, the secretion from that portion of the head dramed by the duct of
Santorim empties nto the duct of Wirsung where the two major ducts join,
about a third of the way from the ampulla of Vater. Occasionally there 15
no communication between the duct of Santormi and the duct of Wirsung, Opie
found no commumication 1n 10 of 100 necropsy spccimens Naturally, in such an
mstance, the duct of Santormi must dram mto the duodenum. If the outlet of
the duct of Wirsung 1s obstructed, if the outlet of the duct of Santorini is patent,
and 1f there is communication between the two systems, the secretion from the
whole gland may dramn into the duodenum via the duct of Santonn. Opie
beleved that the duct of Santormi might have served as an outlet for the whole
gland m about half of his 100 cases In a small percentage of human cases
(6 per cent, accordng to Opie), the duct of the ventral pancreas fails to develop
as a major structure, and, therefore, the mam pancreatic duct enters the duo-
denum at the papilla of the duct of Santormt In pigs, sheep, oxen, and ruminants
generally, the duct of the dorsal primordium (Santorini) serves as the chicf
duct, The various stages 1n the development of the pancreas are illustrated n
Fig. 1

%he primordia are origmally simple tubes of entoderm which branch exten-
sively, and by the time the dorsal and the ventral pancreas have fused, each
consists of an intricate duct system The innumerable termimals, or intercalary
ducts, differentiate nto tubular secretory acim which hberate the pancreatic
juice. The acmar or zymogenous parenchyma constitutes the exocrme portion
of the pancreas

The endocrme portion, similarly dernved from entodermal tubes, consists of
numerous (500,000 to 1,500,000) extensively vascularized aggregations of smaller
polygonal cells, the 1slands of Langerhans. They contan three morphologic types
of granular cells, A, B, and D, as described by Bloom. The islands begin to
appear during the third month of fetal life. After they have differentiated from
the distal ends of the terminal intercalary ducts, the 1slands either develop from
these ducts independently, or they lose connectron by obhteration of the original
lumen of the connectng ducts. Though both acinar and sslet cells derive from
the mtercalary ducts, the cells, once differentiated, cannot reconvert one into
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The borders between the surfaces call for no special description. Both inferior
borders are notched by the supenor mesenteric artery, and the superior horder
by the celiac anis as well. The anatomy of the pancreas is illustrated in Fig. 2.
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—Anatomy of the pancreas, showing its regonal relationships

The pancreas has no well defined ca sule, but i
sheath which is continuous with the E')nterlobzltnl: Zg;t::crtli(fveed tli)s);uﬂe tl:ll'[}ll ﬁbli:’.lls
excretory ‘canal in the adult is the duct of Wirsung, which, beginnin N oo
tail, runs in the center of the body toward the right. When th’e dli;t f%’l'n e
reaches the head, 1t bends downyw: he right as Ci( ZPP‘ "s‘]mg
roaches

ard, then turns to ¢
the duodenum Branches originate from the mam duct at right angles and
an
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and third parts of the duodenum It overlaps both the second and third parts
ventrally and tends to msmuate itself dorsally to the duodenum. It may occa-
sionally overlap the fourth part. The shape of the head of the pancreas varies
with the form of the encirching duodenum The diameter of the head from
above downward is rarely less than 7 em and may be greater. Its separation
from the neck is anatomically mdicated by a groove on the front of the gland
which contamns the gastroduodenal branch of the hepatic artery. The head rests
posteniorly on the mfenor vena cava, sometimes on the nght renal vein, and may
approach the right suprarenal body. The head 1s at the level of the first and
second lumbar vertebrae and often part of the third.

The body, mcluding the neck and tail, is trangular in shape with three
surfaces, (1) posterosuperior, (2} anterosuperior, and (8) inferior, Because
of 1ts tortuous course the body seems shorter than it is. Starting to the right
of the spine at the level of the first lJumbar vertcbra, 1t crosses the spine trans-
versely to the left and dorsally and then extends as far as the spleen, where
1t curves ventrally The end of the body, the tail, may continue across the spleen,
m any event the tip turns downward toward the pels.

The neck, 2 to 3 em. 1 length, crosses the portal vein with a forward convexity,
and is deeply grooved on its dorsal surface by that vem. The tail is variable in
form If 1t lies n front of the spleen, the tail 15 more or less pointed, but of 1t
ends against the gastric surface of that organ, it may have a true ternunal
concave surface conforming accurately to the space it occupies.

SURFACES

(1) The posterosupenior surface is deeply grooved by the portal vein, which
may be entirely surrounded by glandular tissue. To the left of the portal vein
the posterosupenor surface faces first the mferior vena cava, then the segment
of the aorta between the celiac avis above and the superior mesenteric artery
below The next portion hes consecutively on the left pillar of the diaphragm,
the left suprarenal capsule, and the left hidney. If the tail is long, 1t may rest on
the gastric surface of the spleen. The splenic artery and vein form horizontal
grooves on the posterior surface. The lower, containing the vein, 1s the longer
and deeper, and extends from the tail of the pancreas to the portal vein, mchmng
toward the lower border of the gland as 1t approaches 1ts termmation The upper
groove contains the splenic artery as 1t progresses from 1its origin at the cehac
axis to the tail of the pancreas

(2) The anterosuperior surface, the largest of the three, slants downward
and forward, presenting a concavity which forms a part of the stomach bed
Tlus surface measures 4 cm 1n breadth but may exceed 5 cm On the lower
margin of this surface, opposite the aorta, a swelling, the omental tuberosity,
15 often found. This lies behind the lesser curvature of the stomach at the lower
end of the vertical part of this curvature.

(3) The nfentor surface, the smallest, rarely as much as 2 em, m breadth,
rests on the lower layer of the transverse mesocolon The infenor surface 1s
rounded and irregular, except for a smooth concave portion above the duo-
denojejunal junction To the right of Trextz's higament the surface is grooved by
the superior mesenteric artery



PANCREATITIS 121

the course of the arteries. They are all tributaries of the portal system, and some
open directly into the portal vem. The pancreas is drained by an estensive
network of lymphatie vessels which lead to the splenic and ccliac lymph nodes.
A small group of lymph nodes lies above and ventral to the head of the pancreas.

The nerve supply of the pancreas consists of nonmedullated fibers from both
the parasympathetic and sympathetic systems. The vagus and splanchnic nerves
send these fibers to the pancreas by way of the celiac, splenic, and superior
mesenterie pleauses.

HISTOLOGY

Histologreally the pancreas is composed of: (1) the acinar cells and the
associated exerctory duct system, (2) the islands of Langerbans, and (3) the
interlobular connective tissue

The secretory parenchyma of the pancreas is embryologically derived from the
ductal epithelium. For descriptive purposes the structure of the parenchyma
is best understood after consideration of the duct system, The ends of the
finest Lranches of the tree-lihe exeretory duct system are surrounded by the
acmar cells of the secretory parenchyma. The lumen of the main pancreatic duct
is lined with a single layer of columnar epithelium, in which an occasional goblet
cell is lodged. Small mucous glands empty into the large ducts, the walls of
which are formed of dense collagenous tissue contaming a few elastic fibers,
In the smaller ducts the columnar epithelium decreases in height. When the
ducts enter the lobules of acimar tissue, the mucosal hining changes to flat
epithelial plates, and the ducts connect directly with the acim. The terminal
epithelium of the intercalary ducts protrudes into the acinus as the centro-
acinous cells, which are spindle-shaped and may be surrounded by the secretory
cells of the acinus

The acini of the pancreas assume a tubular form. The acmar cells appear
blunted and pyramidal in shape, and rest on a well defined membrana propria,
The blunted cellular tips point inward to form the central lumen of the acinus,
The cytoplasm exhibits two well differentiated zones: an inner one, net to the
lumen, which contans many fine granules (zymogen or secretory granules),
and an outer zone, next to the basement membrane, which is homogeneous and
free from granules. The relative breadth of these two zones varies with the
functional activity of the cells During fasting, the secretory granules increase
in number, and the granular zone widens to infringe on the clear basal zone,
When pancreatic secretion flows during digestion, the granular zone diminishes.

In lh.e pancreas which has been “exhausted” by continuous secretion, only
occasional secretory granules are seen in the acinar cells, A period of rest restores
the granular zone to normal proportions.

of'lt‘ll:: :u:]ellls of ﬂ(‘n)e acinar lclell is spherical or ovoid and rests in the basal zone

ytoplasm  Occasionally a small round structure
is seen 1n the cytoplasm close to the nucleus, The par:
with the pr?duction of zymogen granules. Between the acmar cells canaliculi

that empty into the lumen of the acinus occur, but do not reach the b N

membrane. Intracellular secretion vacuoles ma be d : asement

Golgi stains but cannot be regard, Y e Cemonstrated at tmes by

2 garded as constant details of the cell.

termed the paranucleus
anucleus may be concerned



120 MONOGRAPHS ON SURGERY

recave bundles of smaller ramifications. The diameter of the duct near its
end is about 5 mm. It descends to the wall of the duodenum ventral to the
common bile duct The two structures usually enter the duodenal wall separately,
but they join m a common ampully, the ampulla of Vater, where their secretions
mingle before bemng discharged mto the duodenum The term papilla of Vater
refers to the elevated arex 1n the duodenal mucosa, caused by the presence
of the ampulla of Vater

The duct of Santorini mamtamns a vestigial, and in some instances, functional
outlet mto the duodenum at a point about 3 em. above and ventral to the
paptlla of Vater. The onfice may be difficult to locate in the duodenal mucosa
but can often be rdentified by a small raised ring The left end of the duct of
Santorim jomns the main duct at the pont where the duct of Wirsung curves
downward nto the head of the pancreas. Since the duct of Santorim ordmarily
decreases m size as 1t approaches the duodenum, the flow of secretion withm
that duct 1s presumably directed away from the duodenum and toward the duct
of Wirsung In the presence of a patent duodenal outlet for the duct of Santorini
the normal direction of flow may be reversed under three circumstances: (1)
if no communication exists between the duct of Santorini and the duct of
Wirsung, (2) if the duodenal portion of the duct of Wirsung is congenitally
stenosed or atrophie, (3) 1f the outlet of the duct of Wirsung is artificially
obstructed by agents such as tumor or stone.

The relation of the pancreas to the pentoneum is sigmficant The ventral
pancreas was embryologreally suspended in the ventral mesentery of the primitive
gut, while the dorsal pancreas lay free in the dorsal mesentery. The embryologic
rotation of the duodenum to the nght placed that structure agamst the posterior
abdominal wall where 1t lost its mesentery and became a retroperitoneal organ
By the same process the pancreas was bound posteniorly to the retroperitoneal
tissues, and consequently its posterior surface 15 not covered with perntoneum
except at the tip of the tml The pancreas lies at the base of the transverse
mesocolon between the leaves of pentonenm which cover 1its anterosuperior
and infenor surfaces. Because the position of the pancreas between the greater
and lesser perttoneal cavities at thewr separation by the transverse mesocolon
is such that 1ts broad anterosuperior surface faces the lesser cavity, while the
narrow inferior surface presents toward the greater cawity, the major portion
of the pancreas lies mn the base of the lesser pentoneal cavity

The artenial blood supply of the pancreas 1s abundant, and ongmates from
the splenic, hepatic, and superior mesenteric arteries The splemc artery supplies
the greater part of the body and the tail The hepatic artery provides the head
of the pancreas with small branches, but it nounshes the head to a gieater
extent through the gastroduodenal artery and 1ts branch the superor pancreat-
1coduodenal artery The superior pancreaticoduodenal artery follows the inner
curve of the duodenum downward along the ventral aspect of the pancreas
The inferor pancreaticoduodenal artery, after arising from the superior mesen-
teric artery, runs to the right and upward between the third portion of the
duodenum and the pancreas, until 1t anastomoses with the superjor pancreatico-
duodenal artery, O Ily a simlar an, b the two pancreat-
scoduodenal arteries occurs on the dorsal surface of the head. The vens follow
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of Wirsung in dogs. He recognised the three main ferments we hnow today,
protein-splitting, starch-splitting. and fat-splitting, and his attempt to l'nrm.n
permanent fistula between the main panereatic duct and the uhd.mnhml skin
suggested methods for the study of pancreatic secretion under relatisely normal
conditions.

Heidenhain and co-workers it Breslau dueing the 1870°s were especially inter-
ested in all phases of pancreatic physiology, and among the many reports from
his laboratory are those concerning the histologic mechanism of cellular seere-
tion, the measurements of seeretory pressure, and a method of ereating a per-
manent pancreatic fistula which was almost identical to that used by Pavlov,

Of all the imestigators in this field Pavlov springs fiest to mind. The results
of a vast number of evperiments, performed in his laboratory during the last
three decades of the 19th century, clearly defined the role of pancreatic juice
in intestinal digestion Pavlov clucidated the importance of the vagus nerve
m controlling and stimulating secretion, and he emphasized the extreme sensi-
tivity of the pancreas to various stimuh, such as anesthesia, operative manipula-
tion, emotional upset, or agents producing vasoconstriction within the gland,
all of which result in ready mhibition of the secretory process. Pavlov, as well
as all subsequent i estigators, found that, in order to sludy the panereas under
conditions of relatively normal function, he was faced with the problem of
developing a satisfactory and comparatively permanent source of pancreatic
Juice in the hiving, normal antmal, He accomplished this by creating an operative
fistula between the main pancreatic duct and the abdominal skin; this fistula,
when lealed, would produce pancreatic juice over a period of days or weeks,
This technie, first deseribed mn 1879, mvolved exeising a circular portion of the
duodenal wall and mucosa with the papilia of the main pancreatic duct at its
center, and transplanting the duodenal mucosa and duct orifice onto the skin
surface of the abdomumal wall Although simple in theory, the operation invites
many complications, such as infection, scarring of the fistula, or retraction of
the delicate duct from intra-abdominal tension. Even when the investigator
succeeds m creating a functioning, well healed fistula, he is burdened with
grave physiologic difficulties because of the continuous loss of large quantities
of pancreatic juice, which imtates the abdominal wall and drains the subject
of electrolytes, fluids, and d!gc:tivc ferments, Nevertheless, Pavlov's panereatic
fistula has been and still is widely used for the collection and study of pancreatic
jurce under varying conditions and in response to various stimuli,

Bayliss and Starling, English physiologists, added the next important chapter
to the story of pancreatic digestive function when in 1901 they deseribed the
formation of secretin Secretm, formed mn the duodenum and carried by the
blood to the pancreas where 1t cxcites digestive seeretion, provided the first
recorded nstance of hormone action 1 the bady and thus indirectly set the
stage for the general 1'mderstanding of the endocrine glands,

Clmeians and physu.)logfsts during the 19th century were aware of a connee-
tion between pancreatic disease and diabetes, hut no conerete knowledge was
available until von Menng and Minkowski in 1889 succeeded in ¢ ([4] was
removmg the pancreas of dogs and producing a cons. . completely
of this remarkable fact stimulated mucl 5 equent diahetes. Discovery

uch work, Alllmugh most invcs‘ﬁgator;




122 MONOGRAPHS ON SURGERY

The islands of Langerhans appear as small collections of cells, 08 mm. n
diameter, which lie between the tubular acini. These cell arcas arc constant
features of the panereas 1 man and other mammals, as well as in birds, reptiles,
and amplubians. Therr distribution within the pancereas varies. Opie has shown
that they are almost twice as numerous in the tail as i the remainder of the
gland, The slands are enclosed by a delicate envelope of connective tissue.
The islet cells, despite a common origin with the acmar cells, differ marhedly.
The 1slet cells are small, pale, polygonal rather than pyramidal in form, and
show no granules when stamed with hematoxylin and eosin. Special stams,
however, reveal mtracellular granules that differ from the zymogen granules
i the acinar cells The islet cells are arranged as a network consisting of solid
cords or trabeculae, the meshes of which are occupied by blood capillanies of
large size, the whole recalls the arrangement of hepatic tissue, Extension of the
system of cxcretory ducts has not been demonstrated to enter islands of
Langerhans. The secretion of the islet cells must enter the blood stream through
the extensive capillary bed which 1s present.

The mterlobular connective tissue of the pancreas surrounds the Iobules of
glandular tissue and supports numerous blood vessels, nerves, and ducts
Fat cells me promment features in the mterlobular stroma. The acinar and
islet cells have a stroma of theirr own, which consists of a network of fine
reticular fibrils The interlobular fibrous tissue does not normally extend into
the lobules.

PHYSIOLOGY

The pancreas serves the body m two important ways, first, in aiding the digestion
of assimilated foodstuffs within the mtestine by the production of pancreatic
juice, second, by regulating carbohydrate metabolism in the body by the
formation of 1nsulin within the islands of Langerhans. Thus, the general coneept
of pancreatic function 15 a simple one, but 1t is important to state that a great
deal remams to be known both about pancreatic ferments and about msulin,
and it is entirely possible that the pancreas regulates human physiology in
important ways not yet known For the present the subject can be discussed briefly
by describing the function of external pancreatic secretion (the digestive secre-
tion which reaches the duodenum by the pancreatic ducts) and by mentioning
the role of mternal pancreatic secretton (the hormone insultn, which passes
directly from the 1slands of Langerhans mto the blood stream to be conveyed to
distant patts of the body). Because the physwology of diabetes 1s a complicated
and unsettled subject, we shall not attempt to review 1t systematically, masmuch
as it 1s not essential to an understanding of the problem of pancreatitis Because
diabetes may secondanly appear m chromic pancreatitts when the organ is
severely damaged, we cannot rgnore 1t altogether

HistoricaL

The growth of knowledge about the pancieas drew its imtial impetus from the
work of physwologists rather than from clinical observation Claude Bernard
prcsented the first detailed reports on pancreatic ph);s;)ology in 1849, when he

described the properties of f tic juice ob y ) the duct

RN
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in a fasting dog to about 18 ce. per hour, or 240 to 450 ce. during 24 hours.
Babkin, who has worked on the physiology of digestive glands for many years,
has stated that, when the dog's pancreas is protected from the influence of
sccretin by diverting all gastric and biliary juice from the duodenum, the pan-
creatic seerction is much lower, varying between 1 and 2 cc. per hour,

Secretion of pancreatic juice in man is likewise continuous. Information on
this score has come from clinical sonrces, which can give only suggestive and
nat exact figures. Individuals may develop pancreatic Rstulas following operation
on or near the panereas, and the panereatic juice which is lost onto the skin
can be collected and studied, Although such individuals cannot be considered
to have a completely normal pancreas, and although the observer has no way
of know ing in these mdiiduals how much panereatic juice still enters the intestine
normally by the duct system, the information so gathered has definite value,
inasmuch as persons with pancreatic fistulas frequently drain secretion for several
months, during which penod they may be in relatively good health except for
the presence of the fistula, Many authors have reported on this matter, giving
figures for daily pancreatic secretion during normal feeding that vary widely
{{rom 30 to 1770 cc.) with an average of 400 to 600 cc. Miller and Wiper (1944)
reported the highest daily volume yet recorded, 1770 ce,, in a 26-year-old soldier
who developed a pancreatic fistula 13 days following an emergency laparotomy
for a perforating gunshot wound of the epigastrium. Their observations, as well
as those of others, support the belief of physiologists that pancreatic secretion
in humans is continuous,

The pancreatic secretion in a normal person can be collected and examined
for presumptive daily volume and other characteristics by inserting a tube into
the duodenum via the mouth and by aspirating the fasting contents of the
duodenum, when the flow of bile 1s at a mimmum. Another tube, opening into
the stomach, 15 attached to a suction apparatus in an attempt to prevent gastric
Juice from entering the duodenum Despite these precautions, the juice collected
from the duodenum only approximates total pancreatic secretion, since there is
imarjably some contamination with bile and gastric secretion, Agren and
Lagerlof (1936) reported by this method an average of 36 cc. of fasting secretion
per hour or 864 ce. for 24 hours.

Paxcreatic Exzyaes
The protein fraction of pancreatic juice 1s by far the most important since it
contains the digestive enzymes These can be grouped in three classes: the
proteolytic enzymes which digest protein, the amylolytic enzymes which digest
starch and 1ts components, and the lipolytic enzymes which digest fat. External
ancreatic secretion, 1n contrast to gastric juice or bi i
Fhrce classes of food stuffs. 8 ! v bile has the abihty to digest all
Protcolytic Enzymes. (1) Trypsin is the chief ferment, Furst described b
Kuhne n 1867, it was finally isolated chcmically by Northrop and Kunitz .)’
1932 Trypsin works most efficiently i an alkaline medium corresponding to t}:n
normal pll of pancreatic secretion, and is a more powesful ferment th.uf; ast e
pepsin It acts on native, unaltered protein or on peptones and proteoses, %h'“[:
arc the end products of peptic digestion of Pprotein in the stomach, Ityb‘;e:j;s
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believed that the islands of Langerhans were intimately connected with the
pathologic physiology of dibetes, two major obstacles prevented a prompt
solutton of the problem In the first place, if an insufficiency of normal islet
tissue was the cause of diabetes, then logically the administration of pancreatic
extract should correct the deficiency and correct the diabetes; yet all attempts
in this hne were unsuccessful for over 30 years following von Mering and
Munkowskr's experiments, until Banting and Best in 1921 succeeded in preparing
an extract of pancreatic tissue that did correct the deficency of islet cell
activity m diabetes, § dly, pathologists were quick to note in the 18907,
as well as later (Warren, 1938), that, although one would expect pathologic
changes 1n the 1slands of Langerhans in all cases of diabetes, such were found
at best m only 50 per cent of the cases studied. From an anatomic standpoint,
therefore, 1t was difficult for physicians to agree that diabetes was caused only
by a derangement of islet cells. This difficulty still confronts us today, but may
well be resolved by recent researches, which indicate that structures other than
the pancreas, especially the pitmitary, thyroid, and adrenal glands, play important
roles in the causation of diabetes.

DIGESTIVE FUNCTIONS OF THE PANCREAS

GenenraL Craractenistics ofF EXTERNAL PANCREATIC SKCRETION

The contribution of the pancreas to alimentary digestion consists of a clear,
watery secretion, the pancreatic Juice, which flows into the duodenum from the
duct of Wirsung The secretion is colorless and slightly mucoid, resembling
saliva, Water comprises about 98 per cent of the juice, the rest being protein
and orgame matter The specific gravity of juice from a fistula has varied from
1005 to as high as 1019, depending on a fluctuation in solid content, which
changes according to the nature of the secretory stimulus. A more detailed
explanation of this change will be given later. The juice 15 always alkaline, but
varies from pH 7.10, shightly acid to the body, to pH 865, strongly alkaline.
The vanation m pH is controlled to some extent by the type of sccretory stimulus,
but from a chemrcal standpomt the pH 1s dependent on the relative proportion
m the jutce between the two negative ions, chloride and bicarbonate, the
sum of which balances the positive sodium 1ons. When the proportion of
bicarbonate 1ons 15 high with respect to the chloride, the pH nises and vice versa
The solid content of the jurce, averaging a httle less than 2 per cent by weight,
1s about one quarter protein and the rest organic compounds. Miller and Wiper
(1944) reported a case with a pancreatic fistula which secreted juice contaming
190 to 840 mg per cent of total protemn. Thus, their patient with a maximum
recorded daily secretion (1770 cc.) and a mavimum protemn concentration {340
mg per cent) would lose about 6 gm of protemn a day in the secretion, This loss,
though small, is continuous, and therefore is important to the poorly nourished
patent.

The total daily volume of secretion 1s not accurately known, but physiologists
in the past have estimated it at about 700 cc a day. Formerly 1t was thought
that pancreatic juice flowed only during periods of digestion, but observations on
dogs with pancreatic fistulas suggest that secretion is continuous and amounts
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juice. Cowgill, in Howell's Texthook of Plysiology, lists the following enzymes
a5 accurring, in pancreatie secretion or m the panereas itself, carboxypeptidase,
aminopeptidase, erepsin, nuelease, guanase, adenase. Others, still unidentified,
are also undoubtedly present.

Amglolytic Enzypmes. (1) Amylase (dwstase, amylopsin): This starch-splitting
enzyme is similar to the amylase that occurs widely throughout the Diologic
Hni{dum. According to Swmner aud Somers, it can be found in practically all
plants, animals, and micro-orgamsms Withim the human, amylase also oceurs in
the saliva (there called ptyalin), in leukocytes, in blood plasma, and in urine,
It hydrolyzes native starchies at an optimum pll of 7, producing maltose, a
disaccharide, The final breakdown mto monosaccharides takes place further
along in the small intestine, The amylase, normally found in human blood
serum and urine, can be reathly demonstrated by laboratory tests. This enzymne
is increased in amount during acute inflammation of the pancreas. Afthough the
mechantsm of this increase is nat understoad, it 15 commonly presumed that the
damaged seerctory cells allow the escape of an abnormal amount of the digestive
enzymes into the hlood stream. However, the supply of amylase in the blood
probably comes m part from sources other than the pancreas, since after total
panereatectomy the enzyme ss still present in blood samples (Falhs and Szilagyi).
Dozzi Delieved that there is good evidence to suggest that blood amylase is
partly formed m the liver. Liner damage may cause a fall in blood amylase.

(2) Maltase. A small amount of this enzyme can be found in pancreatic
sceretion 1t hiydrolyzes maltose mto glucose, thus producing a trace of glucose
during pancreatic digestion of starch

Lipolytic Enzymes (Estcrases). Pancreatic Lipase (Steapsin): Like the other
pancreatic ferments this one works best at an allaline pII (optimum pH 8)
but is also active m faintly acid juces it is casily destroyed hy strong acid
solutions and by trypsin  Like amylase, 1t can be detected in blood serum of
normal individuals; also like amylase, 1t tends to rise in acute inflammation of
the pancreas

This lipase is a powerful fat-splittmg enzyme, ovcrslmdowing gastric lipase in
importance It bears the burden of fat digestion. It changes insoluble neutral
fats mto fatty acids and glycerol, substances which the intestnal epithelium
can absorb. A second charactenstic of lipase is its ability to emulsify liquid
fats For mstance, if pancreatic juice 1s added to olive o1, after a number of hours
emulsification of the misture occurs The process of emulsification follows partial
digestion of the oil, and it 1s 1mtiated by the formation of a soap from the
umon of a fatty acid with onc of the alkaline 10ns present in pancreatic Juice,
usually a sodium 1on. Once a hittle soap has been made, the rest of the neutral

f«?t is easily emulsified Emulsification of fat is highly important to its digestion,

since finely dispersed fat particles offer a much greater surface on which the

\Vﬂ‘el"h(\r‘\c Emzymes can work.

Thr‘carlf’r;:lx)lli‘:“llignse} however, n(?rmnlly works m close co-operation with bile,

‘bination of the two juices digests fat four to five times faster than
pancreatic juice alone. The bile salts appear to be the agents responsible for
this mereased efficiency by exerting their influence in three ways: (1) they enhance
the activity of lipase, possibly m the réle of a coferment, (2) they are excellent
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down large molecules to the last step before the release of the basic amino acids,
the polypeptide and peptide stage

Trypsin is, strangely enough, mactive in pure pancreatic juice collected directly
fiom the pancreatic duct. A puptl of Pavlov, Shepovalnikov, showed how the
body activates this powerful enzyme. By adding a small amount of duodenal
Juice to the pancreatic juice, he noted that the trypsin immediately gained full
power, He called the activating substance that is present 1 duodenal mucosa
as well as m duodenal juice enteroki B of this distinction from the
active form, mactive trypsin has been given a special name, trypsinogen Tryp-
sinogen, then, 1s the form in wiich the ferment 1s secreted by the acinar cells
and carried to the duodenum within the ducts As soon as the pancreatic juice
enters the duodenum, the sequence of events takes place m the following
manne:

Trypsinogen + enterokinase ———> trypsin,

Other agents may also activate trypsmogen, as observation of a pancieatic
fistula reveals. When active pancreatic juice remams in contact with normal
skin, exconation develops within several days. Tissue juices, pus, raw surfaces
speedily activate the tryptic power of the pancreatic juice Caleium ions aie
supposed to activate trypsinogen in concentrations above 002 molar, and yet,
according to Miller and Wiper, a certain amount of romzable calelum is normally
present in pure fistula secretion (220 to 324 mg per cent). Trypsin also has
the power of activating trypsmogen, so that once a small amount of trypsin is
formed, it can change the remamung trypsmogen mnto a potent form It is inter-
estmg to speculate about the fact that the body keeps the proteolytic enzymes
of the pancreas i an mactive, harmless state until they are m actual contact

with the food i the duod Is this I y i order to protect
the pancreas from antodigestion? What would happen if trypsmogen became
ivated within the 1 ? As yet answers to these questions are not known.

In 1900 Landsteiner concluded that the albumm fraction of blood plasma contams
a substance that protects the lving cells of the body agamst tryptic activity.
According to Northrop and Kunitz, this antitsyptic substance is also present
in the pancreas, thus perhaps affording the organ protection agamst 1ts own
sceretion It may be that all Iiving cells have such a protective device. In all
cvents, trypsm disappears i the process of completing its work i the duodenum
and small intestme, and only mmute traces can be found mn the lower ileum.

(2) Chymotrypsm Thus proteolytic enzyme closely resembles tiypsin, differmg
m that chymotrypsm specifically curdles and digests milk 1n a manner smlar
to that of gastric renmin, In pure pancreatic juice 1t likewise eusts in an inactive
form, chymotrypsinogen Chymotrypsinogen becomes active only 1n the presence
of trypsin Enterohinase does not cause activation of chymotrypsinogen.

(8) Miscellaneous Proteolytic Enzymes The proteolytic power of pancreatic
jurce was ongmally thought to be the work of one enzyme, “trypsin™ Actually
a variety of enzymes has been discovered m addition to pure trypsin. These
enzymes split the intermediate products of protein digestion to simple cnd
products. Individually they are not important for the purpose of this discussion
except to emphasize the compleuty of the enzymatic properties of pancreatic
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obtained in pure crystalline form by Agren. It can he purchased commercially for
clinical purposes Itis a protein-like substance of low molecular weight (5,000},
resembling poly peptides in nature

Once seeretin has been formed m the duodenal epithelium, it passes into the
blood stream and reaches the seeretory cells of the pancreas, where without the
agency of nenve endings it directly provokes a profuse, watery, alkaline secretion,
relatively poor in ferments but rich i morgame salts. Whereas atropine inhibits
pancreatic secretion following vagal stunulation, it has no effect on the flow fol-
fowing administration of secretin (usnally given intravenously). Thus secretin is
a true hormone which performs its tash mdependently of the nervous system.

The hormonal control of the pancreas 15 m delicate balance. As soon as the
alkaline pancreatic jmce enters the duodenum, the hydrochloric acid from the
stomach is neutralized, and seeretin 1s no Jonger formed in the duodenum. If the
stomach sends more acid chvme, more secretin is formed until the pancreatic
juice again neutralizes and destroys the stunulus,

The difference in the effects produced by vagal stimulation and sceretin stimu-
lation is worth emphasizing. As noted above, nervous stumuli bring forth a juice
which is rich n ferments but small i volume, whercas hormonal stimuli proyoke
a profuse secretion, relatively poor n ferments and high in alkalinity. These facts
appear to correlate with the normal physiologic sequence of eating. When food
is swallow ed and collected in the stomach, reflex vagal impulses cause the pancre-
atic acinar cells to produce the digestive ferments that will be needed shortly.
Because the volume of juice 1s small, very little is lost into the duodenum until the
stomach espels its acidified digest mto the duodenum. When this happens,
secretin begins its task at once by initiating a profuse alkaline juice which washes
the ferments from the ducts into the duodenum. The two types of stimuli are
complementary and work together to achieve a most efficient result Some British
workers ( Harper and Raper) believe that in addition to the effects of secretin and
the vagus nenve there 1s another hormone, called pancreozymin, which, although
similar to secretin, like the vagus, exaites, a rich flow of enzymes. Its presence,
however, does not detract from the importance of vagal stimuli in the secretory
process

Another mteresting way of differentiating the effects of hormonal from nervous
stimuli is to examune the pancreas histologically Heidenhain, over 70 years ago,
noted that the zymogen granules in the acinar cells decreased after the animal had
been fed, and he presumed that these granules represented precursors of
tmportant elements 1n pancreatic juice It is now known that vagal stimulation of
the pancreas will also dimumsh the number of granules, whereas administration
of secretn hardly changes 1t at all. Therefore the granules probably represent
products which are secreted as digestive enzymes

Secrctogogues This group of pancreatic stmulants includes a diversity of
%flgents, among which are protein denvatives such as peptones and proteoses, acids,
‘?‘fyazgcfl‘tl;ty :"\:C(::,‘:lmps, m)td everlr:l water. }\]Vhyn introduced into t_he duodenum,
clear, but it I: ea\:s lch:: the lo:nrk‘?nzr:cer;‘dmsrt[ll Off thew e‘ﬂeCt o Dot entirely
seems to be s[t)llznulated b t}):e pf fen vl SECl'etm.. The vagus nerve

y presence of fat and peptone in the duodenum.

The secretogogues produce a secretion nch m enzymes and when the vagus is
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emulsifiers of fat, thus permitting more cfficient digestion of fat m the aqueous
suspenston of the duodenum, (3) they form water-soluble complexes with fatty
aads, which can then be absorbed by the intestinal epithelium. Although pan-
creatic hipase can split fat without the help of bile, the process is greatly
speeded when both are working together.

ControL oF PANCREATIC SECRETION

The pancreas i 1ts capacity as a producer of digestive ferments puts forth
juice m response to the mtake of food. It has already been stated that cxternal
pancreatic secretion flows continuously mn small amounts, but over and above
this basie flow the quantity and qualtty of secretion change to meet the additional
work of digesting a meal This adaptive mechanism has intrigued physiologusts,
and a great many evperiments have been done to elucidate its nature In general,
there are three classes of stimuli to which the external sccretion reacts. (1)
nersous shmulation, especially from the vagus, (2) hormonal stimulation, notably
from secretin, (8) an ill-defined group of stimulants, called secretogogues,
among which are meat extracts Their mode of action 1s not always clearly
understood.

Nervous Stunulation In a series of bnihant experiments Pavlov and co-workers
established the importance of vagus contro! over pancreatic juice. He divided
the vagus nerve mn the neck and exposed 1t onto the skin surface. After an
interval of four days he electrcally excited the lower segment leading to the
abdominal viscera A slow flow of thick concentrated juice, especially rich in
digestne fexments, followed promptly The same type of juice can be produced
by more normal sttmul which also are probably transmitted mn reflex fashion
via the vagt. For instance, sham feedmng in a dog whose esophagus empties onto
the chest instead of into the stomach, will produce thick secretion, high in
enzymatic content The effect of vagal strmulation can be abolished by giving
atropine, and this drug has been used 1n attempts to reduce the loss of secretion
in human pancreatic fistulas Conversely, pilocarpine will stimulate pancreatic
flow in 2 manner sumlar to vagal simulation, and pilocarpine 1s frequently used
experimentally as a substitute for electrical stimulation of the vagus nerve.
The sympathetic nerves apparently do not exert an important nfluence over
pancreatic secretion, yet ephedrme scems to reduce pancreatic flow through its
vasoconstricting  powers. It has been used clinically with success on several
occasions to lower the amount of pancreatic secretion lost in human fistulas
Doses used have been 0.048 gm every two hours (Craft). Reflex nervous path-
ways which do not traverse the central nervous system run between the jejunum
and pancreas of the cat and cause inhubition of pancreatic secretion, according to
Kuntz and Richins (1949)

Hormonal Stimulation Pavlov had already established the power of the vagus
nerve over the pancreas when m 1901 Bayhss and Starling announced the discov-
ery of a substance, later called secretm, which produced a greater flow of pancre-
atie juice than ever achieved with vagal st lation. When hydrochlonic aaid
from the stomach runs into the duodenum, it combines or acts upon a substance
m the duodenal epithelium to form secretin, This substance can be extracted from
duodenal mucosa which has been treated with hydrochloric acid, and 1t has been
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Dremssion on Anst 1 or Exri nsan Paneniatic Sranrmios

Despite its undisputed importance m the process of digestion, pancreatic juice
probably is not essential to Wfe, Deprvation of pancreatic juice in humans may
occur in condhitions which cause total obstruction to the outlet of the pancreatic
ducts, such as tumor of the head of the pancreas, sclerosis from chronic pan-
creatitis, pancreatic lithiasis or, most clearly, following total pancreatectomy. As
surgeons hecome more shillfat in therr technies, this operation is becoming more
frequent Tt usually 15 performed for caremoma of the pancreas and occasionally to
relieve the pain of diffuse calerfication of the pancreas.

The important factors m pancreatic juice, as already noted, are the three types
of digestive enzymes, the proteolytic, the amylolytic and the lipolytic; finally, there
is the possilnlity of an cssential lipotropic factor, which because of its controversial
nature will be distegarded for the moment Tt is worth hnowing what effects can
be expected in the absence or m marked depression of the digestive enzymes.

Ansexce oF Protrovymic Exzyars
Despite the presence of pepsin i the stomach and erepsin in the small bowel,
protein foods do not usually digest well when pancreatic juice 1s absent. In
instances of markedly poor protemn digestion one may sce grossly undigested meat
fibers 1n the stool or find microscopically striated muscle fibers. This condition
1s often called creatorrhea (azotorrhea) Aside from the gross and mieroscopie
appearance of the stool, the presence of extra undigested food usually causes the
stool to be bulkier n size than normal and often may cause a mild diarrhea. The
amount of unabsorbed protein can be more accurately determined by measuring
the nitrogen content Normally 1 to 3 gm. of mitrogen are lost in the daily feces.
During creatorthea the value may nise to 6 gm or more a day. The presence of
such large amounts of unabsorbed nitrogen mn the stool is practically diagnostic of
diminished or absent pancreatic secretion

The presence of undigested meat in the stool has been recognized as a symptom
of chronic pancreatic disease since the middle of the nineteenth century, but
unfortunately 1t 1s not a speaific finding that is always present. For some reason,
individual intestinal tracts vary in their ability to digest and absorb protein in the
absence of pancreatic juice. Some individuals have maintained good digestion
and absorption of protemn after pancreatectomy without taking pancreatic substi-
tutes, whereas other individuals with merely diminished pancreatic flow, as in
chironie pancreatitis, may develop marked creatorrhea. This same variability has
been seen evperimentally in dogs whose pancreatic juice has been excluded from
the duodenum. In practice, however, as emphasized by Pratt, who believes that
n the complete absence of pancreatic juice there 15 always some decrease in
protemn absorphon m the intestine, 1t 15 wise to gi\'e pancreatic extract to all
Ppatients who show evidence of imparred pancreatic secretion. This treatment will
mmnprove the efficiency of digestion and allow patients to gan weight. The dosage
of pancreatc extract as reported 1n the literature varies greatly, but between 4 %0

15 gm daily in divided doses of pancreatin has been efficient, Although the effe,
tive amount vanes with each patient, about 10 gm daily is usuall fRei N
According to Dragstedt, a standard preparation of J suficient.
> Ppancreatic extract al:

s -
tamns a sufficient amount of the hormone lipocaie to be active in the body. o on



130 MONOGRAPHS ON SURGERY

paralyzed their effect is for the most part lost, Babkin (1944) gives a summary
with references of the work done on this somewhat confusing problem. In all
events, these secretogogues provide another form of stimulus of broad scope for the
production of pancreatic ymee Their action may be especially important in those
instances when the gastric chyme 1s not acid, as n gastric anacidity,

Tue Pancreas axp Fatty INFILTRATION OF THE Liven

While studying diabetes m depancreatized dogs, workers in MacLeod's labora-
tory in Toronto noticed that even though the ammals were adequately treated
with insulm, they almost imvartably developed massive enlargement of the liver
from imfiltration with fat Following pancreatectomy the hver increases three to
four times normal weight, and the per cent of total fat content may rise to 12
times normal This change 1s not fatal, according to Chmkoff and Entenman,
who have mamntamed 3 depancreatized dogs for more than four years without
feeding them any pancreatic substitute, though the amimals fall off i weight and
show abnormally low concentrations of blood lipids,

This fatty change in the liver of dogs can be prevented by feeding them raw
pancreas The question then anises as to what element mn the pancreas prevents
the liver damage Smce insulin obviously has no effect, a substance elaborated
by the aciar cells has been presumed to be the active agent One group of
workers, headed by Dragstedt, has extracted a substance from the glandular tissue
of the pancreas, which they call lipocaic. It 15 considered to be a true hormone, an
internal secretion of the pancreas which, groen orally or parenterally, will prevent
fatty change m livers of depancreatized dogs Another group of investigators, led
by Montgomery, has extracted from the pancreas a substance which, although
different from lipocaic, also protects the lvers of depancreatized dogs. As opposed
to lipocaic, 1t 15 excreted m the pancreatic juice mto the duodenum, and, there-
fore, Montgomery considers 1t a product of external pancreatic secretion. Both of
the lipotropic factors are claimed to be efficient in preventing the fatty change m
the hiver Substances which so regulate metabolism of fat that excess lipids are
not deposited m the liver are frequently termed Iipotropic factors

Another simpler substance, choline, will easily prevent fatty changes in the
Liver of depancreatized dags 1f given m larger amounts than normally present mn
the ordmary kennel diet (that 15, n doses of 30 mg per kiogram per day}
Although netther of the two extracted fractions mentianed above exerts 1ts action
by virtue of containing choline, 1t 15 equally efficient if given 1n sufficient amounts,
and 1s considerably easter to obtain

The problem of the hpotropic factor 1n the pancreas 1s still lighly controverstal
and must be decided on the basis of further experimental work, but the clinician
can no longer entirely ignore 1t 1if surgeons continue to do total pancreatectormies
One of the human cases reported by Fallis and Szilagyi survived 14 months after
pancreatectomy, during which mterval the patient received no choline and only
sporadic doses of pancreatic extract Because at necropsy the Iner showed
po invasion of fat, they concluded that with a normal diet 2 supplementary
lipotropic factor 1s probably y for the dep wzed patient. To
another patient they admimstered choline chloride 1n doses of 1.3 gm threc times
a day.
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follows exclusion of pancreatic juice from the duodenum, there may be sites of
aberrant pancreatic tissue within the gastro-mtestinal tract which still produce
some pancreatic juice.

Loss or PaxcreaTic Juter ny Exmrnsar Fismvna
In addition to replacing the lost pancreatic enzymes with pancreatic extracts
one must realize that the patient wath an external pancreatie fistula is losing large
quantities of fluid daily, and that even more disastrous to his economy is the daily
Toss of sodium and chloride ious. The blood chemistry in such a case will reveal
dinunished values for both sodimm and chloride ions. The depleted sodium
reserves in the body mean loss of extracellular flmd and marked dehydration.
One must nat be misled by a normal or only shghtly diminished carbon diovide
combming power, which does not mean that the body has a normal amount of
alkall. Gamble has shown that wn pancreatic fistula, as in high obstruction of the
gastro-intestinal tract with vommiting, the loss of chloride as well as sodum causes
the blood carbon diovide combmmg power to be maintained at near relatively
normal lesels, in order that the sum of bicarbonate plus chloride may equal the
total value for sodium One can thus visualize that even with a diminished amount
of sodium ions, with a corresponding decrease mn chloride 1ons the carbon dioxide
combiming power might be normal. Figure 3 represents graphically, after the
manner of Gamble, the alterations in the various constituents in the acid-base
structure of the blood plasma after a period of continuous loss of pancreatic
juice through an external fistula. In all events. the parenteral administration of
saline jn amounts shghtly greater than the volume of juice lost by the fistula will
restore the clectrolyte pattern to normal and correct dehydration. Any excess
chloride son so given will be elimnated in the unne. The relatively healthy
patient with a fistula who loses only a small amount of pancreatic juice daily will
naturally be able to make good his deficit by an added oral intake of salt and
water But loss of weight and dehydration in a patient with an external pancreatic
fistula should arouse suspicion of a sodum deficiency, and until this has been
corrected recovery cannot be expected Dehydration in a patient with a pancreatic
fistula may also be misleading in that the blood of such a patient may reveal
normal counts for hemoglobin and red cells, whereas actually, because of dimin-
ished blood volume from dehydration, the patient 1s markedly anemie. Once dehy-
dration has been corrected, the blood should be rechecked for the presence of
anemia and hypoprotememia. Both of these conditions are frequently present n
such patients because of prolonged malnutrition and frequent anorexia,

CARBOIYDRATE-REGULATING MECHANISM OF THE PANCREAS

No attempt will be made to discuss fully the physiology of diabetes. For a
a brief and readable account the reader can consult Best and Taylor: The Physio-
logical Basis of Medical Practice. Destruction of pancreatic parenchyma by disjense
usually imolves the 1slands of Langerhans as well as acinar tissue, and diabetes
may complcate any type of pancreatic allment, although, in general, diabetes
1s surprisingly infrequent followmg pancreatic damage. Shumacker (1’940) say:
that 3 to 10 per cent of patients surviving acute pancreatitis develop diab, A
For this reason one must be concerned, when considering the funcgon ofeiise'
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ABSENCE OF Lirorytic ENzyMES

Pancreatic lipase 15 the most mportant fat-splitting enzyme of the gastro-
intestinal tract, and when 1t 1s absent, the stool usually shows an abnormal amount
of unabsorbed fat, a condition called steatorrhea In such instances, the stool is
bulky and greasy, and o1l droplets may be seen on 1ts surface. The color is usually
light because bile pigments have been masked by the abnormal constituents, A
foul odor charactensstically arises from rancid breakdown products of the un-
absorbed fats and fatty acids Typically, drarrhea and excess gas formation are
present because of the ncreased bulk of the stool and because of the abnormal
products of mcomplete digestion Microscopically, many oil droplets can be seen
after stamning a smear of feces with a fat stan, such as Sudan IV. For additional
informatton one can chemically analyze a 24-hour stool specimen, a laborious
task, Whereas total fat content of normal feces averages 18 per cent of the dry
weight, in steatorrhea it may reach 60 to 70 per cent. An index of the efficiency of
fat chgestion supposedly can be found m the proportion of unspht fat (neutral
fat) to digested fat (fatty acds). Normally from 20 to 60 per cent of the fat of the
stool 1s undigested (neutral fat), and for some unknown reason lack of pancreatic
Lipase does not alter that relationship. As m the case of protein digestion and
absorption m the absence of pancreatic juice, there 1s great vanation from
individual to individual 1n the efficency of assimilation of fat under sumilar
circumstances Some show slight and others marked impairment, as evidenced by
g10ss steatorrhea. One must remember that steatorrhea also occurs in tropical
sprue, and the treatment of that syndrome differs from that of the case of
msufficient pancreatic juice (pancreatic nsufficiency). In sprue or in idiopathic
steatorrhea the nitrogen content of the stool 1s relatively normal, whereas in pan-
aeatic msufficiency the mtrogen content of the stool is greatly elevated The
steatorrhea of pancreatic isufficiency will, like creatorrhea, respond to the oral
mtake of pancreatic extract n doses already discussed One promment benefit
of pancreattc estract, which cannot be completely accounted for, comes from
its occasionally dramatic abihty to relieve the profound anorexia which may
affict patients following pancreatectomy. If either steatorrhea or creatorrhea 1s
present, the other condition will frequently, but not always, be found

ABSENCE OF AMYLOLYTIC ENZYAIES

The digestion and absorption of carbohydrates is about as efficient n the
absence of pancreatic amylase as n 1ts presence; hence, no particular step need
be taken toward replacing 1t when 1t 1s lacking Pratt beheved that 1 such a case
carbohydrate absorption 15 1mpaired, but that bactenial fermentation of the
unabsorbed portion prevents 1t from being found 1n the feces.

In a general discussion of the importance of external pancreatic secretion,
Brunschwig (1947), who has had wide expenience with resections of part or the
whole of the pancreas for carcinoma, has recently stated: “The problem of
prolonged survival m adequate nutrition without external pancreatic secretion 1s
not as yet fully cluaidated Following resection of the head of the pancreas and the
duodenum one of three situations may obtamn, (1) there may be normal stools,
(2) stools may be bulky, pale, foul, pasty, but not abnormally frequent; (3) there
may be frank steatorrhen.” He further suggested that where no alteration 1n stool
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islands. The next most common lesion, sclerosis or fibrosis of the islands, occurred
in 20 per cent of his cases. From the gross or microscopic anatomic examination
of a pancreas, therefore, one cannot be certain whether or not it came from the
body of a diabetie patient,

One may pose a converse situation. What pancreatic lesion invariably leads
to diabetes? The answer is, none exeept for total destruction or extirpation of the
organ. Fortunately, the supply of wslet tissue in the normal pancreas is extremely
abundant. This organ, even when severely damaged, can carry on efficiently its
function of regulating casbohydrate metabolism. Karsner in his Texthook of
Pathology has stated that diabetes is found i “, . . fibrosis, fat infiltration, arterio-
sclerosis, acute pancreatic necrosis, abscess, carcmoma, and others . . . but destruc-
tion of the organ must be extensive imolving approvimately seven-cighths of the
gland in order to be significant.” In his work on the pancreas Opie first stressed
the fact that scarring of the pancreas which imvolved the individual seeretory
acni (interacinar) is much more likely to produce diabetes than interlobular
fibrosis, which does not invade the pancreatic Tobules but remains confined to the
interlobular tissuc. This observation has been confirmed, though many glands with
interacmar fibrosis aceur without associated diabetes,

It appears fairly clear that diabetes is not dependent alone on the failure of
the islands of Langerhans to function. The roles of the pitmtary, adrenals, and
thyroid have not been fully elucidated, but these glands undoubtedly are imph-
cated in the altered phystology of the discase. An interesting piece of evidence
confirming this view is that patients who have had the pancreas surgically removed
require only moderate amounts of msulin, 30 to 40 units of protamine a day, which
is well below the amount frequently required to control the usual diabetes
Furthermore, thesc patients, even f deprived of insulin for three days, show only
a slight tendency to develop ketosis (Dixon et al; Fallis and Szilagyi).

When pancreatic ducts are obstructed by disease or by ligation, the acinar
tissue beyond the point of obstruction becomes atrophied over a period of several
months, because its secretion cannot escape. The islands of Langerhans in the
affected area usually are not mfluenced by the destruction of acinar tissue, and
they continue in an unaltered state to form insulin and regulate carbohydrate
metabolism. Banting made use of this fact in order to prepare his first extract of
insulin The survival of the islands serves to emphasize that even in the complete
absence of pancreatic juice with marked atrophy of the gland, carbohydrate
metabolism may still be perfectly normal

In summary, 1t 15 safe to say that the pancreas can sustain much damage without
the advent of diabetes, but n all diseases of that organ one must look for the
presence of diabetes and be aware that 1t may develop in the future if there is
further involvement of the pancreas. If 1t does develop, 1t must be handled and
freated as 15 diabetes n 1ts usual form Once developed, it tends to remain mild
or only moderately severe
St geners ety o poogy oo o g B s one may co
Howell's Textbook o?l’);x o oet andl Taore prales of Hunman Physiology,

ysiology, Best and Taylor’s Physiological Basis of Medical
Practice. Precise technical data on the dy

gestive enzymes may be found 1n §
and Somers’ Chemustry and Methods of Enzymes. Babkin’s gecretary Mechuar:il.;:
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diseased pancreas, with the mternal as well as the external secretion of that
gland ,

The islands of Langerhans produce a hormone msubin, which, when it enters
the blood stream, 15 followed by a lowering of blood sugar Since diabetie patients
suffer from an madequate supply of insulin, one might expect to find that such
patients have a reduced number of normal 1slands of Langerhans. On the con-

CHANGES N ACID~BASE CONSTITUENTS OF
BLOOD PLASMA FOLLOWING CONTINUAL LOSS
OF EXTERNAL PANCREATIC SECRETION FROM AN
ARTIFICIAL  FISTULA IN A DOG

_""'Fr orn 8
‘ PER 100 CC
Hcoa 9 PLASMA

R

PRE -OPERATIVE

12 DAYS
POST-OPERATIVE

Fic 3 —The columns represent comparative amounts of 1onic constituents m the blood plasma
The total basic tons are represente(r by B', the total aadic 1ons consist of the sum of HCO'
(bicarbonate 10n), CI' (chloride 10n), and R {orgamc acid 1on)

{Condensation of a table by ] L Gamble and M A Meclver, 1928 )

trary, only about half of the patients with diabetes show Iustologic evidence of
inadequate islet tissue

Warren (1938) has recently investigated this problem thoroughly In a smvey
of 484 pancreases from diabetic patients of all ages he found 26 per cent with
completely normal islands of Langerhans He estimated, in absence of an accurate
count, that 95 per cent of his cases showed a decreased number of 1slands, but
other authors have reported only 20 per cent with dummished quantity. No par-
ticular pathologze lesion 1 the pancreas accompanies diabetes The most frequent
change according to Warren m hyahnization of the slands, but this was found in
-41 per cent of the 484 cases and, when present, did not mvolve all of the

N

only
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the passage of hile into the duodenum and diverts the bile into the duct of
Wirsung, but necropsies on cases of acute pancreatitis only occasionally disclose
an impacted stone in the ampulla, Spasm of the sphincter of Oddi can without
question be associated with the reflu of fluid from the common duct into the duct
of Wirsung, s proved by cholangiography. The relation of sphincter spasm to
panereatitis has not been well defined. It is nndecided whether the presence of
bile in the pancreatic ducts at physiologic pressures s harmful or innocuous.
In the majority of postmortem specimens, the terminal orifices of the common bile
duct and the duct of Wirsung enter the ampulla of Vater in such & manner that
reflux of fluid from one duct to the other is possible when the outlet of the ampulla

TABLE I

A Crsssairicatiox o1 PossinLe Kmiorocic
Factons 1v Acute: Panceneanimis

[

. Reflux of Iule into pnereatic duct resulting from obstruction of ampulla of Vater by:
a Caleulus
T Spasm of spluncter of Oddi
Obstrction of pancreatic duets by
a, Pancreatic caleulus or ampullary caleulus
b Tumor, inflammation (edema or bross)
¢. Lpithehal metaplasia m small ducts
d. Surgical higature
¢ Duodenal dnerticulum
Infection
. Vascular factors
. Trauma
a. Accidental
L. Surgical
Miscellancous
a Reflux of duodenal contents into the pancreatic ducts
b. Alcoholism
¢ Anaphylaus

t2

ot e

e

1s obstructed, Variations from the normal anatomic structure may prevent com-
munication between the pancreatic and biliary ducts

it Obstruction of the pancreatic ducts and autodigestion of the pancreas. Experi-
mental obstruction of the pancreatic ducts produces fat necrosis and acute edema
of the pancreas with subsequent parenchymal atrophy and fibrosis, but acute
pancreatitis with hemorrhage and necrosis rarely develops, even though the gland
is actively secreting at the time of obstruction Rich and Duff claim that obstruc-
tion to the outflow of pancreatic juice by gross lesions, such as tumor and stone,
or by the microscoprc lesion, metaplasia of the epithelum in the small ducts.
ruptures the duct system and allows pancreatic secretion to esca .
parenchyma, where trypsim becomes active and intiates necrosis. The concept
of autodigestion of the pancreas assumes that trypsin is activated withi; Cf}{’
gland A mechansm for the activation of trypsin in acute Ppancreatitis h ot 20
yet been clearly demonstrated Acute obstruction of the s pot o
lowed by a nse 1n serum amylase,
and necrosis does not develop

ui Infection Experimentally
not produce

pe into the

pancreatic duets is fol-
even though acute pancreatitis with hemorrhage

the injection of bacteria i
I into the pancr
acute pancreatitis, Chronic inflammation of the extra}ipatize:alsaig;re;
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of the Digestive Glands 15 devoted to explainig the physiologic functioning of
the digestive process.

ETIOLOGY OF PANCREATITIS

Although the cause of pancreatitis either in its acute or chronie form is not
known, numerous attempts have been made to solve the mystery of 1ts etiolog;
both 1n the laboratory and at the bedside, but nonpartisan observers, cven today,
generally agree that a wholly satisfactory answer has not yet been given. The
difficulty m obtaining that answer may well rest in the fact that workers are
individually talking about different phases of panereatitis without so realizing.
Each hypothesis may be true for the small segment of facts that it covers without
actually contradicting other theones, which also are only valid for other segments
of facts If observers, instead of offering a comprchensive explanation of pan-
creatitis, would restrict their conclusions to the evidence they have accumulated,
we mught one day find that the assorted theories, when pieced together mnto a larger
prcture, would, like the umted parts of a jigsaw puzzle, create a clear mtelligible
whole

In this light each of the theories and assorted facts bears equal importance
until more 1s known, and while a brief summary may seem confusing and incon-
clusive, 1t will emphasize that no one theory 1n 1ts present stage 15 adequate to
account for all facts The reader will notice that most of the discussion is concerned
with acute pancreatiis This 15 almost mevitable, if one presents work based on
experimental data, since acute pancreatitss is a dramatic, abrupt entity, reproduc-
1ble in the laboratory, whereas chronic pancreatitis 1s more 1ll-defined, less well
controlled, and, therefore, more resistant to etiologic analyss.

A number of more or less complete reviews of the literature bearing on etiology
are available in English Dragstedt, Haymond, and Ellis (1934), Rich and Duff
(1936), Jones (1943), Rienhoff and Pickrell (1945) note most of the important
1deas and references The discussion that follows does not pretend to be all-
inclusive. It will attempt to indicate the significant pomts and select work 1llus-
trating those points, without cataloguing the vast amount of experimental and
clinteal papers on this subject. Since our ultimate ignorance precludes an accurate
description of the early stages of the pathogenesis of this disease, varous authors
usually tailor a theoretical explanation of pathogenesis to fit the particular etiologic
concept in question Therefore, in treating the origm of pancreatitis we shall not
draw a sharp line between cticlogy and pathogenesis, and we shall call on any
facts that may help to substantiate or clanfy the theory at hand A brief summary
of the theories discussed 1 this monograph follows:

CAUSES OF PANCREATITIS

i Bile flows into the pancreatic duct because an obstruction at the ampulla of
Vater creates a common channcl between the common bile duct and the duct of
Wirsung. The experimental mjection of bile mto the pancreatic duct usually
produces acute pancreatitis. The high incidence of cholelithiasis in acute pan-
creatitis favors the supposition that a gall stone, impacted 1 the ampulla, blocks
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grenous Pancreatitis, and of Dissemmated Fat Necrosis.” The opening portion
of the lecture dealt with the extent of clinical knowledge until that date. To
emplasize the importance of Fitz's contribution we shall briefly summarize the
significant work prior to 1859,

Clissentin 1812, on the basis of 6 collected cases and one of his own, established
that acute inflammation of the pancreas could occur, although Fitz believed that
none of these cases had been proved to be inflammatary i nature. However,
Classen probably did see the disease, since he also deseribed symptoms that fit
our present coneept of acute pancreatitis, such as deep-seated epigastric pain
unrehesed by vomuting, and frequent fainting.

The next important review of pancreatitis was that of Friedreich (1875) whose
report, accordng to QOpie, was the first significant one. From anatomic studies
in 4 cases, including one of Ius own, he offered a description of the pathologic
process in pancreatitys. Prisnary acute pancreatitis tended to cause hemorrhage
in or about the pancreas and ended m gangrene, m ichorous peripancreatitis,
or in suppurative confluent abscesses. Secondary acute pancreatitis consisted of
either a “granular degeneration,” as found in infectious disease, or circumsenbed,
metastatic abscesses from a purulent focus clsewhiere in the body. Friedreich did
not define a precise symptomatology for the dhisease, Large eysts and abscesses
molving the pancreas, sometimes even separating it from its surroundings (se-
Guestration), were considered by Klebs (1876) to have arisen from inflamed
lymph nodes m that area This concept grew into what became essentially the
bacterial explanation of the ongm of pancreatitis. Klebs also suggested that in
the absence of inflammation pancreatic hemorrhage might be due to a corrosive
action of pancreatic scerction.

Balser m 1852 added the final ok to the chain of pathologic lesions in acute
pancreatic disease by describing fat necrosis and associating this peculiar nodule
with pancreatic inflammation.

We can sce that by 1889 all the important factors in the pathologic anatomy of
acute pancreatitis had been descnibed. hemorrhage, hemorrhagic necrosis, gan-
grene, suppuration, abscess, cyst, and fat necrosis, but these clearly called for
correlation nto a systematic whole with a consistent clinical picture before a
rational basis of treatment could be evolved. Reginald Fitz performed this invalu-
able task for the medical profession On the basis of 70 collected cases of the
acute disease, over a dozen of which he had personally observed, he defined a
sequence of pathologic events and established a definite clinical picture, for the
most part unaltered today. M:}S&u'e pancreatic hemorrlmge, causing death in
one-half to 36 hours, was considered to be a specal entity, resulting from the

rupture of an artery from an unknown cause. Hemorrhagic pancreatitis with
bloody evudate m the wterstitial tissue and with necrotic parenchyma was gen-
erally fatal m two to four days; but if the disease was proloriged gan, rex%ous
pancreatiis formed which usually caused death in 10 to 18 days ﬁo\h Ef thes:
forms were frequently accompanied by fat necroses, . ese

Under the category of suppurative pancreatitis,
subacute or chronic nature 1 which the pancreas wa
abscess, accompanied by progressivi
swelling, Fetid, pale stools and diab

Fitz placed those cases of
X s usually the seat of a large
e emaciation, chills, and upper abdomingl
ctes (one case) appeared in prolonged cases.
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tract commonly accompanies pancreatitis, but specific bacteria are not regularly
found in chmical cases of acute pancreatitis. Experimental acute cholecystitis in
cats does not cause acute pancreatitis with necrosis The presence of suppuration
in the pancreas implies a bacterial mfection, cither pnmary or secondary.

w. Vascular Factors. Because of the rich blood supply of the pancreas experi-
mental mfaiction is not easily produced. The experimental production of embolus
or thrombosis in the pancreatic vessels does not cause a spreading hemorrhagic
necrosis, sunilar to that m acute pancreatitis. It has been suggested that vaso-
constriction 1n the pancreatic vessels may initiate 1schemic necrosis, Necropsy
studies of acute pancreatitis have failed to reveal a consistent primary lesion of
the pancreatic blood vessels.

v Trauma Acute pancreatitis occasionally follows mechanical injury to the
pancieas from contusions and perforating wounds of the upper abdomen or from
surgical procedures on or near the organ. After pancreatic injury the serum
amylase frequently nses although acute pancreatitis does not develop clinically.

vi. Miscellaneous (a) Reflux of duodenal contents mto the pancreatic ducts:
The passage of duodenal into the pancreatic ducts may occur on rare
occasions, but it 1s mfrequently associated with acute pancreatitis,

(b) Alcohol Clintcal observations indrcate that alcoholism 1s frequently asso-
crated with acute pancreatiis An experimental explanation of this association 15
lacking,

(¢) Anmaphylaxis The concept of an anaphylactic orig of acute pancreatitis
1s for the most part still theoretical,

Sunvey ofF EanLy KNOWLEDGE ABOUT PANCREATITIS
During most of the 19th century practicing physicians considered the pancreas
somewhat of a medrcal curiosity The brilhant contribution of Bernard on pan-
creatic physiology may have stimulated fellow physiologists, but chimeians were
apparently sublimely mdifferent to the new concepts Even though Claude
Bernard produced acute pancreatitis by mjecting a1l and bile mto the pancreatic
duct, no one knew enough about diseases of that organ to appreciate what he
had done. By the 1880's a few crudite professors in Germany displayed ther vast
clinieal hnowledge by crting an occasional rare case of acute wflammation of the
pancreas, which they had seen, Senn, a Chieago surgeon, wishing to place the
treatment of mjuries to the pancreas on a rational basis, 1n 1856 reported quite a
remarkable series of expeniments on the dog’s pancreas, which he subjected to
a vanety of mjunes, but hke lus German contemporarnes he stated, “ . . . acute
idiopathic pancreatitis 1s an exceedingly rare affection, only a few well-authenti-
cated cases of the disease have been reported.” Although nterest was quickening
and the forces were rallying for an attack on pancreatic disease, it was not untl
1889, when Fitz sounded the battle cry, that the charge began. Then, within the
space of the next 12 years the bulk of our knowledge about pancreatitis and the
basis of all our theories regarding 1ts etiology were achieved
Tatz’s communication on the subject took the form of a lecture before the New
York Pathological Society on February 16, 1889, and is reproduced in complete
form in the Medical Record of that year, under the title, “Acute Pancreatitis: A
Constderation of Pancreatic Hemorrhage, Hemorrhagic, Suppurative, and Gan-
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of Kirte (1899), Lanceraun (1899), Oser (1898). All 8 authors were aware of
a connection hetween gallbladder disease and pancreatitis and particularly of
the role of gallstones in this discase, They believed that gallstones, when lodged
m the terminal portion of the common duct, might obstruct the outflow of pan-
ereatic juice and allow bactersa from the inflamed area surrounding the gallstones
to penetrate into the pancreatic ducts, where rapid proliferation would occur in
the static seeretion. They also noted that in the case of pancreatic stone with
obstruction a simlar mechanism muight arise from organisms migrating up the
pancreatic duct from the duodenum, The clinical observation of the coincidence
of pancreatitis and gallstones has had perhaps more influence on the subsequent
interpretation of the discase from an experimental, clinical, and therapeutic view
than any other factor, and any scrious attempt to explain the lesion must take
account of this observation. Opie, it must be remembered, had full benefit of
these climeal views, With this introduction we can proceed to a discussion of
current theories of the etiology of pancreatits,

RerLux or Biee ivro Paxcrearic Ducts

The most popular theory about the etiology of acute pancreatitis states that
bile, when it flows into the pancreatic ducts, damages the pancreas and initiates
acute pancreatic necrosis.

Opic’s Common Channel Theory Opie was the first to propound the theory
of bihary reflux mto the pancreatic ducts when in 1901 he performed a necropsy
on a man who had died of acute hemorrhagic and neerotic pancreatitis with fat
necrosis. He found a small gallstone obstructing the papilla of Vater, and noted
also bile 1 the duodenal end of the pancreatic duct. Working from this evidence,
he brlliantly conceived that bile 1n this instance had been unnaturally forced
mto the pancreas, and to test this hypothesis he injected bile into the duct of
Wirsung of 6 dogs. He found hemorrhagic pancreatitis and fat necrosis in almost
every mstance. The proof seemed complete. For the first time an experimental
method of producing n a physiologic way hemorrhagie necrosis and fat necrosis
practieally at will had been found, for bile appeared to be more efficient in this
regard than any of the large number of agents hitherto tried He had clinically
demaonstrated a mecharusm whereby bile might be injected into the human pan-
creas by the inner bodily processes This mechanism consisted of: (1) the fox?ma-
tion of a “common channel” between the choledochus and the main pancreatic
duct, when the proper outflow of bile was blocked by an obstructing calculus
at the papilla of Vater, (2) a propulsive pressure, derived from the con;nchle
power of the gallbladder superimposed upon the secretory pressure of the ‘li\'cr
which forced bile mto the pancreas. ’

Opie’s explanation seemed so plausible and well proved that it w:
accepted in all lands and in a modified form has remained to
of cimcians Within a few years numerous nvestigators had
;iat bﬂi tmjectf]d{ }:nt(; tllehpm;)crealicdduct could experime

ancreatitis, an 1s fact has cen an is generally accepted by those in

m the problem We shall later point out why some ﬂuthgrities ielie&e lh::rtelsl:;(:

experimental findings m dogs should not by
e transpos :
acute pancreatitis 1 humans. posed as an explanation of
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Strangely enough, fat nccrosis was conspicuously infrequent within this group.
He believed that the hemorrhagic and gang forms were phications of
“a relatively simple affection, viz., gastroduodenitis,” In discussing treatment he
advised dramning lesser omental abscesses, but warned against laparotomy in the
eatly stages of the disease. "It [acute pancreatitis] has been repcatedly con-
founded with acute intestinal obstruction, and has thus led, in several instances,
to an neffective laparotomy, an operation which, in the early stages of this disease,
1s extremely hazardous.”

Once Fitz had properly classified the pathology of acute pancreatitss, charac-
terized 1ts clinical course and stressed its frequency, then succeeding worhas,
confident of a secure foundation, could turn their talents toward uncovermng its
ctiology Thus search began almost immediately and was pursued with great vigor
by a number of mvestigators, first in Europe and later m this country. We shall
mdicate the lines of this research i general terms. Opie’s book provides many
references to the authors of this period The first efforts were directed toward
the lesion, fat necrosis. R, Langerhans m 1891 showed that fat necrosis could be
produced by injecting pancreatic juice into fatty tissue He presumed that lipase
rather than bacteria or degenerative processes was responsible for the lesion
Flexner (1897) agreed and demonstrated the presence of a fat-splitting enzyme
1n the fat necroses from human cases.

The next step was to produce fat necrosis or hemorrhagie pancreatitts m the
experimental anmal. In general, the cfforts, none of them wholly successful,
involved the following groups of experiments: those using trauma to the gland,
such as transection, crushing, hgature; those with ligation of the pancreatic ducts
alone or in combination with occlusion of pancreatic blood vessels, those with
occlusion of the vascular supply of the gland 1 order to allow the onset of auto-
digestion, those with mjection of bactena into the pancreatic ducts or glandular
substance, those with injection of mritating chemicals into the pancreatic ducts
with or without ligature, and those with mjection of duodenal juice or hydro-
chloric acid mn concentrations similar to gastric juice By each of these methods
fat necrosis and less hrequently hemorrhagic lesions m the pancreas weie formed
in a certain number of ammals It was generally beliesed that the damage so
induced allowed the enzymes in the secretion to escape their natural boundares
and then digest normal tissues The damage supposedly followed from direct
extension of these agents to adjacent tissues, although an occasional case of
pericardial fat necrosis suggested a blood- or lymph-borne extension Without
examining this expenimental evidence further at present, we wish to emphasize
the extensive and varied nature of the expenimental approach to pancreatitis even
before 1900. With such a nch background of known facts, Opie was able to
direct his thoughts along slightly different lines, and he produced a fruitful
source of mvestigation that still thrives On the basis of an observation at necropsy
he injected bile into the pancreatic duct and promptly obtained hemorrhagic
necrosis and fat necross,

During this period of extensive expenmentation clinical knowledge of pan-
creatic disease increased correspondmgly. In addition to a greater experience
1 acute pancreatitis, the climelan achieved some 1dea of what to expect in chronic
pancreatitis. The extent of this knowledge can be observed in the monographs
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Archibald repeated and confirmed Oddi's original observation that hydrochloric
acid when placed in the duodenum will cause spasm of the sphincter. In several
cats he observed the onset of acute pancreatitis when he injected infected bile
into the galibladder and at the same time induced spasm of the sphincter by the
use of hydrochloric acid. He postulated that the contracted muscle acted on the
outlet of the common duct in the same way as an impacted caleulus and thus
created a common channel hetween the pancreatic and common ducts which
would allow biliary reflox and ity attendant damage, On the basis of this hy-
pothesis he advised cutting of the sphincter (sphincterotomy) as treatment for
patients with recurrent bouts of pancreatitis, Smee hydrochloric acid can definitely
provoke spasm of the sphincter, he presumed that hyperacidity in the stomach
might cause clinical spasm, which, when coupled with infected bile, would pre-
pare the ground for the onset of acute pancreatic neerosis.

Although Archibald’s demonstration of sphincter spasm has been repeatedly
observed since that time, no one has been able to produce acute pancreatitis in
a convincing number of cxperiments merely by inducing spastie obstruction of
the papilla. For instance, Wang, and his i (1931), working with
a large number of cats, were unable to obtan reflux of bile or pancreatitis unless
they obstructed the papilla mechameally with a ligature.

Inflammatory Obstruction of the Ampulla of Vater. A third and probably in-
frequent cause of obstruction at the ampulla of Vater follows inflammatory
swelling of that structure, as emphasized by Balo and Ballon. The inflammation
may be “catarrhal” m type, with marked swelling of the mucous membrane in
response to infectious agents Following surgical exploration of the common duct,
trauma to the ampulla may induce transient swelling and blockage of that struc-
ture. Theoretically, any such edematous obstruction may divert bile into the
pancreatic duct,

The Manometrics of Sphincter Spasm. The truest way of determining the
presence or absence of sphincteral spasm consists i observing the behavior of
fluid pressure within the common duct This may be done by connecting a grad-
uated hollow tube to a catheter in the common duct or, if the cystic duct 1s
patent, in the gallbladder, obviously, the procedure can be carried out only at
operation or postoperatively on patients who have had common duct or chole-
cystic dramage. In evaluating the presence of sphincteral spasm one must con-
sider the possibility of fixed obstruction at the papilla such as occurs ampullary
stone or tumor, or 1n constriction from a fibrotic pancreatic head. The readings
which will be obtained with the biliary manometer may help to differentiate fixed
obstruction from spastic obstruction of the papilla Under normal circumstances
bile enters the duodenum m peniodic spurts under the control of the sphincter.
Charactenistically, the pressure m the choledochus mounts until 1t reaches a
threshold range, normally 50 to 150 mm of water, under this nfluence the

sphuncter relaxes, and bile 15 expelled mto the duodenum The pressure at which
the sphincter opens gwves some mdication of 1ts function, With a “breakin omnt”
above 150 mm. it 15 considered spastic or hypertonic (Colp and DogutI,)‘l t
below 50 mm, unduly relaxed or hypotonic Although the breakin, R
be measured with a single manometer whe th g point can
built up the requistt 4 ) n the continuous secretton of bile has
quisite pressure, most investigators advise the use of a perfusion
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Irritant Effect of Bile Salts. The mechanism of the injurious effect of bile on
the pancreas is not entirely obvious, and should be better understood. Simon
Flexner's work in 1906 on a dozen dogs seems to be the basis for the statement
1 the hterature that the bile salts, sodm glycocholate and sodium taurocholate,
are the ijurious agents in the bile, whercas the colloidal matter of bile is pro-
tective  Although this may be true, his conclusions appeared to rest on the
results obtaned from only a few dogs. Bile salts will, however, eause cellular
damage and edema when mtroduced into tissues foreign to these salts As a rule,
as Rich and Duff pointed out, the irritating effect of bile mnjected subcutaneously
does not produce the hemorrhage so characteristic of acute fulminating pancrea-
titis, but Dragstedt and his collaborators (1934) were quite convinced that the
cytolytic and necrotizing properties of bile salts could account for any damage
to the pancreas that followed the mjection of bile into the pancreatic duct. They
quahfied that statement by suggesting that bile is probably more touc in the
presence of pancreatic enzymes, though they would not admt that the activation
of trypsinogen by bile 15 the cause of the pancreatic damage. We are left with
the impression that bile salts, despite their recognized cytolytic properties, re-
quure the help of pancreatic enzymes to wreak their full havoc on the pancreas.

Nonspecific Irritants Producing Pancreatitis It has been shown that a wide
variety of wntating substances (acids, alkals, oils, formaldehyde and others),
when injected mto the pancreatic duct, will also produce hemorrhagic pancreatitis,
although not as uniformly and spectacularly as will bile, The manner in which
they accomplish therr mission also 1s not clear Usually the explanation points
to their imtating effect on protoplasm and stops without revealing why the
pancreas should react with such peculiar yehemence to their presence In addi-
tion to the intating properties of these solutions, injection of them imto the pan-
creatic duct by a syringe usually ruptures the duct system because of unphysiclogic
pressures. This rupture, accordmg to Rich and Duff, is the vital point in thewr
mjunious effect, because 1t allows pancreatic enzymes to escape into the mter-
stitial tissue and there become active and destructive On the other hand, mere
rupture of the duct system by nomrntating solutions, such as saline or blood
serum, will not result in pancreatitis

Ampullary Calculus Ve should briefly review the evidence supporting Opie’s
statement that an obstructing ampullary calculus mitiates the reflux of bile. Opie
in Ins enthusiasm cautioned the profession that a small gallstone might obstruct
the papilla, mitiate pancreatitis and then be passed into the duodenum before
the surgcon or pnlhologxst could find it. Even with this allowance, the chnical

f an ymp Jculus m cases of acute pancreatitis is low, at the
highest 10 per cent Schmieden and Sebening, reviewing 1,278 cases in Germany,
reported an meidence of 44 per cent.

Spasm of the Sphincter of Oddi Confronted by the low meidence of ampullary
calculus in acute pancreattis, adsocates of the bihary reflux theory turned in
1919 to Archibald’s report that he could experimentally produce reflux of bile
into the pancreas and acute pancreatitis as well, by causing spasm of the sphincter
of Oddi. This was a new concept, m fact, the medical profession n general was
not even aware that there was such a thing as the sphincter of Oddi, which
comprises the muscle fibers encircling the duodenal tip of the common duct.
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a large number of examinations have been cnln]ogucd and analyzed, but the
knowledge already accumulated is most stimulating and promising. A recent
report (1948) on the use of this procedure comes from France, where Mallet-Guy
and others have analyzed their results in over 8§00 “radiomanometric” examina-
tions of the biliary tree in an attempt to determine the frequency and causes
of reflur into the duct of Wirsung during cholangiography. Because this technic
represents the most logical and convincing method of investigating the possibility
and significance of biliary reflux mto the pancreatic duct, we shall discuss the
results in some detail.

These imvestigators have analyzed S00 cholangiographic eaminations (2,826
roentgenograms) performed by them until November 1947, About half of these
examinations were done during operation and the rest postoperatively. Almost
all were manometrically controlled. The operative cholangiographic examinations
included only those in which the patient received no morphine preoperatisely
and in which the operatiy e anesthesia was either local anesthesia of the abdominal
wall or oxygen-cther inhalation They believed that operative cholangiograms
are more valuable than postoperative studies, because they delineate the actual
pathologic condition, unaltered by surgical treatment. Of the 800 examinations
they reported 173 instances of reflux of lipiodol into the pancreatic duct, an
incidence of 21 6 per cent. Scandinavian reports by Rudstrom (1944), Millbourn
(1944), and Hjorth (1947), on large serics of cholangiograms have revealed
that reflux into the pancreatic duct occurred in 32 to 46 per cent of cases. They
eraphasized that from two to ten films may be necessary to demonstrate it radio-
logically.

Reflux, according to Mallet-Guy, is an abnormal condition, occurring only in
the presence of discase either of the sphincter of Oddi or of the pancreas. Mirizzi,
an Argentiman surgeon who has performed over 2,000 cholangiographic examina-
tions, has agreed with this statement. The French authors believed that no amount
of pressure i a normal biliary tree with a normal pancreas could produce reflux
of radiopaque solution into the duct of Wirsung, In Table II are listed the causes
of pancreatic reflux in Mallet-Guy's sertes of 173 cases. The low incidence of
acute pancreatitis m reflux of radiopague selution is sigmf as is the number
of cases without pancreatic disease, 96 in all according to operative findings. Of
those 9 cases with an impacted ampullary calculus that showed radiologic reflur,
in only 5 did the pancreas show evidence of inflammation at operation. In their
experience the authors have never seen any direct ill effects consequent to reflux
of radiopaque material Significantly, they regarded reflux as a symptom of mal-
function In the 40 cases of chronic T itis where the phi of Oddi
funct}‘oned properly, the reflux into the pancreatic ducts was considered evidence
of a “dystoma of the duct of Wirsung,” which accompanied the chronic lesion,
The authors advised sphimcterotomy for hypertonic or spastic sphincter and
umlateral splanchmcectomy for hypotonic sphincter (the sympathetic nervous
system supposedly relaxes the sphincter of 0ddi).

The Syndrome of Spasm of the Sphincter in Pancreatitis. 1
Poub:letv Colp, and vanous co-workers have been especially
importance of a spastic sphincter as a cause of recurrent p:‘x
Archibald’s original suggestion and proceeding on the as:

n this country
impressed with the
ncreatitis. Acting on
sumption that reflux
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apparatus which can produce any presswe desired by the addition of saline to
the common duct (McGowan, Butsch, and Walters). Spastic sphincters may wath-
stand very ligh pressures, up to 600 mm of solution (bile and saline) before
suddenly relaxing, while hypotonmie sphincters may prevent the perfusion pres-
suie from nising above 10 to 20 mm. Characteristically, when the spastic sphncter
relaxes, the bilary pressure falls sharply before it gradually builds up again.
On the other hand, a fised obstruction of the papilla, although rendering a high
reading, will have no sharp breaking pomt, and, once that has been reached, the
pressures remain at a plateau instead of fallmg sharply. These are some salient
pomts which the manometric determination of biliary pressuies can offer. Inas-
much as the whole concept of a spastic sphincter depends on the production of
altered pressures withm the common duct, that condition can be accurately diag-
nosed only by knowledge of those abnormal pressures, by such a means spasm
of the sphincter of Oddh has been observed many times,

The Use of Cholangiography to Detect Sphi Spasm. Knowledge of sphinc-
teral function has fortunately been greatly expanded during the past 15 years
by the increasing use of cholangiography, a senes of roentgenograms or fluoro-
scopie examuation of the bile ducts followimg injection of radiopaque liquid
(most frequently lipiodol) directly into the extrahepatic biliary tree. This exami-
nation also can be performed only when this structure 1s exposed at operation
or on patients who postoperatively carry catheters draining the common duct or
gallbladder The procedure is extremely fruitful m revealng the causes and
degree of common duct obstruction, especially those of a fixed nature. Tumors,
stones, and strictures may be located and 1dentified by their negative shadows.
By 1ts routine use postoperatively one can tell when bile 1s passing normally
mto the duodenum, the passage mdicates m an exact manner when dramage of
the common duct may be discontmued.

Aside from its great value in the diagnosis and treatment of lestons of the
biliary tiee, cholangiography has provided nteiesting mformation about sphine-
teral spasm On the basis of successive cholangiograms, one of which shows
ampullary obstruction to the outflow of radiopaque matenial and the other of
which does not, one can diagnose a possible functional spasm of the sphncter,
but, 1 emphasis of what has already been stated, control of the pressure at which
the radiopaque matenal 1s njected 15 necessary for accurate information about
the functional status of the sphincter of Oddi,

Euvidence of a Common Channel from Cholangiography. A second question
which the manometrically controlled injection of lipiodol nto the extrahepatic
biliary tree can answer concerns the hitherto bitterly disputed pomt as to the
possibility of biliary reflux mto the pancreatic ducts of the living human, Archr-
bald postulated that reflux of bile followed spasm of the spluncter, but he could
not prove it. Cholangiography has shown that Arclubald was correct. In the
presence of a spastic sphincter, manometrically determined, hpiodol frequently
flows mto the pancreatic duct

The combined procedure of measunng intrabilary pressure and at the same
time of injecting radiopaque flurd has been used to some extent in this country,
but much more fiequently by forergn surgeons As yet, its application has been
too short-lived to answer all the questions which potentially can be solved when
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Tn regard to the efficacy of sphincterotomy in preventing refluc it should he
noted that Mallet-Guy et al. (19148) found reflux into the duct of Wirsung in the
presence of a hypotonia or abnormal relasation of the sphincter. They explained
this as a passive flow of medium, as m a “swamp,” mto the pancreatic duct
wnimpeded by the normal sphincter touus, In fact, this happened in 6 of 14 cases
who were examined by cholangiogram after sphincterotomy, according to the
case reports of Doubilet aud Mulholland (1918). Reflus thus may not always
disappear after sphincterotomy.

In summary, spasm of the sphincter of Odd: can certainly occur, Probably it
causes bile to flow into the pancreatic ducts. Possibly bile in this location causes
pancreatitis. At present we can say httle more.

Reflux of Pancseatic Juice into the Biliary Tree. As a corollary to the concept
of reflux of bile into the pancreatic ducts, the reverse process, the reflux of pan-
creatic juice into the common duct and even into the galibladder, has attracted
mereasing attention in recent years Wolfer among others in this country has
stated that panereatic juice forced into the galibladder may cause cholecystitis.
It is certain that m an appreciable number of patients, according to Popper
(1933) 17 per cent, pancreatic ferments can be found m gallbladder bile either
at operation or i bile that drains postoperatively. In a recent comprehensive
review of this subject Hjorth (1948) believed that reflux of pancreatic juice was
an important cause of cholecystitis and cholehithiasis In his own experiments
he produced changes resembling cholecystitis i the gallbladders of 21 rabbits
within five weeks to 13 months by injecting a small amount of active trypsin
mto the gallbladder This interesting possibility cannot be pursued further except
to point out that the presence of pancreatic enzymes 1 biliary drainage is a valid
proof of a common channel existing in those patients

Objections to Omic’'s Common Channel Theory The supremacy of Opie's
common channel theory has not been uncontested throughout these years. In
the mamn, the objections have fallen mto three general groups: (1) those that
doubt the frequent occurrence of reflux of bile mto the duct of \ersung on
anatomic grounds, (2) those that do hikewsse for pl\ysiologm reasons; (3) those
that beheve that even 1f reflur of bile occurs, pancreatitis does not necessanly
ar even frequently ensue Although most of the work ta be cited was done prior
to the widespread use of cholangiography, the reader will see that this valuable
tool has already given partial or complete answers to many of the questions raised

(1) Anatomic Evidence of a Common Channel from Postmortem Specimens
A great many anatomic dissections of fresh and fived specimens have been
performed to clanfy the evact relatronship between the terminal ends of the
common duct and mamn pancreatic ducts Because the mucous membranes of
the ampulla of Vater are so dehcate and phable, the dissection 1s difficult to
perform even after dyes have been njected mto the pancreatic duct system, and
this difficulty 15 reflected m the dwergence of the reported anatomie ﬁn(iings.
e preen sevens ot e Senenst o o i coniming fo
e 8 2 0 e general anatomic relationships prevail, as indicated

(4) 'fl;l:'ecnrc’ls‘s]sglﬁa‘llly fdreos;n&i}do::‘rasrl.lat of ]:'ater receives the duct of Wirsung

p into the duodenum that blockage of that
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of bile into the pancreatic ducts causes pancicatitis, they have treated a number
of such cases by section of the sphincter and have obtamed encouraging results,
although too brief a time has elapsed for final conclusions. They have shown by
recording comman duct pressures on a slowly 1evolving hymograph that hydro-
chlonie acid placed n the duodenum by a tube will cause spasm of the sphincter
of Oddi, which disappears after sphimcterotomy. Morphne causes spasm of the

TABLE II
InCIDERCE OF THE PATHOLOGIC STATES ASSOCIATED WITH THE RCFLUX OF
RaDIOPAQUE MATERIAL INTO THE DucT 0F WIRSUNG DURING CHOLANGIOCRATILY,
(After Mallet-Guy et al, 1948}
Mechanical Obstacles 12

Cancer of ampulla of Vater 1
Relative compression of the comwion duct by tumor of the panereas 2
Impacted caleulus m ampulla of Vatcr 9
Hypertonie Sphimeter of Odet 53
Without pancreatic lesions 40
With chronic pancreatitis 13
Hypotonic Sphincter of Odds 36
Without pancreatic lesions 22
With chronie pancreatitis 14
Chromic Pancreatitis without Identification of Dystome Sphincter 40
Without choleeystitis 23
With cholecystiis 17
Acute Pancreatitiy 2
Nonobstructing Common Duct Syndromes 19
Common duct stone wathout obstruction 16
Cholangitis with dilatation of main bile duct 2
Unidentified 1
Aiscellaneous 1
Acute cholecystitis wathont dystonta of the sphuncter 3
Cholecystitis (no manometne control) [
Cholecystitis {no direct common duct manometn control) 2
Total 173

duodenal wall, and therefore 1ts effect i rasing the pressure in the common
duct does not disappear after spl Chol grams on patients with
pancreatitis have shown that reflux mto the pancreattc duct often occurs durmg
spasm of the sphincter Doubilet and Mulhelland have believed that they prevent
this reflux by sectroning the sphincter of Oddi Colp and Doubilet have even
developed a special mstrument for cutting the sphincter, which 1s designed to
be passed down 12 the common duct and thus obviates opening the duodenum
In contrast to Mallet-Guy, they apparently thought that reflux is a cause rather
than a symptom or sign of pancreatitis

Perhaps 1n the nest few years when the success of sphineterotomy in preventing
recurrences of pancreatitis can be better evaluated, we shall be 1n a position to
conclude from this clmical experiment whether spasm of the sphincter and reflux
of bile into the duct of Wirsung are truly important in the etiology of pancreatitis.
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duct a similarly high figure, 915 per cent, of common channels in the
presence of an’ obstructed ampulla, These more recent cholangiographic
findings have suggested that o common channel is possible in nine-tenths
of the cases studied at necropsy, whereas anatomic stuchies usually indi-
cated the possibility at between one-half to one-third or less.
(B) In this instance the pancreatic and common ducts enter the duodenum
side by side at a common papilla, but do not form an ampulla of more
than & mm. in length (no possibility of a common channel). Anatomic
dissection studies have stated that this is common, from 12 to 43 per cent.
According to postmortem cholangiography, it has been relatively rare,
+ to 6 per cent
In this instance the main pancreatic and common ducts have separate
openings into the duedenum (no possibility of a common channel). In
dissected preparations this has been found in about 30 per cent. In
postmortem cholangiograms it has occurred in 4 to 8 per cent.

It appears, then, that at postmortem cxamination, despite the low
incidence of a possible ¢ 1 1 in di d material, reflux of
bile can progress nto the pancreatic duct, and pancreatic juice can
likewise flow mto the biliary tree in a large proportion of cases, when
the ampulla is obstructed mechanieally. Before leaving this topic, we
should pomt out that no one has yet reported a tllomugh investigation,
erther anatomic or cholangiographic, of the incidence of a common chan-
nel in cases of pancreatitis, either acute or chronic. A number of isolated
cases of acute pancreatitis has been described in which the duct of
Wirsung opened separately nto the duodenum, thus ruling out the
possibility of bilrary reflux, but no indication of the frequency of separate
opemings in all cases of acute pancreatitis has been gnen.

(2) Physiologic Evidence of Biliary Reflux into the Pancreas: In connection
with the second group of objections to the theory of bile as a cause of pan-
creatits, there 15 considerable evidence to suggest that, even if anatomic relation-
ships allow a common channel to form, physiologic mechanisms usually prevent
a reflux Mann and Giordano (1923) stated that the maximum pressures withm
the common and pancreatic ducts are about equal. Since pancreatic secretion is
especally active after meals, one would hardly expect a reflux of bile into the
pancreatic ducts at that time, yet, attacks of pancreatitis frequenﬂy begin after
2 heavy meal

Harms (1927) 1 Germany after measuring simultaneous pressures in the pan-
creatic and bilary ducts stated that the pancreatic pressure was always higher
than the biliary pressure in all phases of digestion. Dragstedt et al. (1934)
however, re-emphasized that in ampullary obstruction the pressure in the pnncreas’
may be lowered by a patent duct of Santorini, which then serves as an outlet for
the whole biliary and pancreatic secretion and permuts bile to flow through the
pancreas. Hjorth noted a patent and communicating duct of Santorini m 59 per

cent of 100 roentgenologic visuahzations of the pancreatic duct system i
cadavers. Y o

(3) Effects of Sterile Bile
tions indrcates that even if

(c

-~

m the Pancreatic Duct: A third group of observa-
bile does enter the pancreatic ducts at pressures
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will allow a common channel to form Opte beheyed that this was possible
1 77 per cent of 100 normal dissected specimens Cameron and Noble
(1924), after artificually impacting a caleulus m the ampulla and mject-
mg the common duct with molten Wood's metal, believed that a common
channel was possible n 66 per cent of 100 specimens. Howard and Jones
(1947) by a similar technie, using dye mstead of Weod's metal, put the
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figure at 54 per cent Other dissectors have claimed this relationship to
be probable m only 4 per cent (Mann and Giordano, 1923) or 30 to 40
per cent (Remhoff and Pickerell, 1945), Hjorth (1947), believing that
anatomic dissechion 1s maccurate and that the best proof of a possible
common channel 1s to observe what happens when a test fluid 15 injected
mto the duct m the presence of ampullary obstruction, has performed
postmortem cholangiography on 100 cases, in which the ampullary regron
appeared nowmal. By opening the duodenum and clampmg the papilla
so that the termunal 3 mm  of the ampulla was obstructed, he injected
radiopaque liquid mto the pancreatic duct near the tail of the gland at
low pressures (140 to 360 mm water) In 86 per cent of 100 cases he
observed a common channel Millbourn (1944), also using cholan-
giography on 100 postmortem cases, found by injecting the common
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OnSTRUCTION OF PANGREATIC IDUCTs, AUTODIGESTION 0F PANCIEAS

The concept that an obstruction to the outflow of pancreatic juice causes
damage to the pancreas springs from the same ancestral stock as does its cousin,
the theory of biliary reflux. In both instances, the clinical observation in the
1890's that cholelithiasis is common in acute pancreatitis had given impetus to the
formulation of these theories. As a matter of fact, continental writers originally
evplained this observation on the basis that a gallstone in the lower common duct
might obstruct the terminal outlet of the duct of Wirsung, thereby blocking
secretion and initiating pancreatic damage.

Opic’s Belicf in Obstruction of the Pancreatic Ducts as a Cause of Pancreatitis.
In 1900 Opie reported that after ligating the pancreatic ducts of cats he found fat
necroses in and about the panereas, and if he gave the cats pilocarpine to stimulate
sceretion during and after the operation, the fat necroses became more widespread.
Despite these positive results he was honestly disturbed that mere ligation of the
pancreatic duct gave no hemorrhagic necrosis but only fat necrosis in the paren-
chyma, While bearing in mind this objection to his own work, he nevertheless
proceeded along the same lines for lack of better evidence, and only four months
before the appearance of his report enunciating the common channel and biliary
reflun theory (1901), Opic published an extensne clinical analysis on “The
relation of cholehthiasis to disease of the pancreas and to fat necrosis,” in which
he collected from the literature 81 cases showing acute pancreatitis and gallstones
and added a postmortem case of his own, a patient who had died with acute
Tiemorrhagic pancreatic necrosis and had had a stone in the termmal common
duct Opic evplained the disease by saying, “one may fairly assume that the
pomary cause of the lesions in and about the pancreas was an interference with
the outflow of pancreatic secretion.”

Why then did he suddenly change his mind three months later and abandon
an opinion built on four or more years of chnical and experimental workp
Although he did not publicly explain the reason for his shift in beliefs, it would
seem logical that he changed because experimentally he was able to produce
acute hemorrhagic necrosis by injecting bile into the pancreas, whereas he could
not do so 1f he mercly obstructed the outflow of pancreatic juice. Being a keen
and honest observer, he was willing to alter his ideas in the face of new facts
instead of hiding them from view with theoretical camouflage. If one reads
Ins book carefully (1810), written when the reflux of bile was considered the
world over as the most sigmficant cause of pancreatitis, one finds that eve;
then Opie did not give up entirely his earlier conclusions. We havi #
Opie’s views and reactions 1n some detail because we believe th
serve to emphasize the vital necessity of an o
m the etology of pancreatitis

Obstruction of the Pancreatic Ducts i P
Pancreatis Following the birth and r.1;,(lldg2)c\i:tuhat:)0("thu£ lZ;;yPSl?] in Acute
the concept of pancreatic duct obstruction as a cause of entite. theory,
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consistent with those occurring in the body, no particular damage to the pancreas
follows. Nordmann (1913) hgated the papilla of Vater on its duodenal side in
cats, thus creating a common channel. Although he observed jaundice, he found
no pancreatitis unless he infected the bile by adding vauous bacteria, Mann
and Giordano (1923) performed the same experiment 1n goats and likewise did
not obtain pancreatitis. Furthermore, they injected stenle bile into the pancreatic
ducts of dogs at a measured pressure and never produced pancreatitis at any
pressure less than 800 mm. of water, well above the pressure that can occur in
the common duct Wangensteen et al. (1931), after creating a common channel
in cats by Nordmanu's method, did not observe pancreatic damage unless they
stimulated the gallbladder by njecting air mto it or by feeding the cat a fatty
meal Under these circumstances they observed changes in the pancreas, including
acute pancreatitis, m over half of therr cats.

Incidence of Cholelithiasts in Acute Pancreatitis. What has been stated above
constitutes only a small amount of the cxperimental efforts with regard to the
theory of bihary reflux, but probnbly in the last analysis most clinicians believe
that bile somehow plays an important part in the pathogenesis of acute pan-
creatitis. This impression no doubt anses from the impressive frequency with
which acute pancreatitis 1s accompanied by disease of the gallbladder (includ-
ing cholehthiasis) The continental writers before the turn of the century (Korte,
Oser, Lanceraux} were aware of this connection, and Opie based the mechanism
of his common channel theory on the assumption of a coexisting biliary tract
lithiass. Practically all authors since then have stressed the high incidence of gall-
bladder disease m pancreatitis Clinteal reports have stated that this varies from
40 to 70 per cent (Paxton and Payne, 1948, 41 per cent, Morton, 1945, 62 per cent,
Schmreden and Sebenmg, 1927, 698 per cent) The most complete postmortem
survey on this subject comes from the University of Minnesota, where Molander
and Bell (1946) reviewed 41,333 necropsies and found 158 cases of acute pan-
creatitis One-third of the male cases and two-thirds of the female cases carred
gallstones as well, which 1s s1x imes the meidence of cholelithiasts in the general
population, Although acute pancreatitis 15 commonly accompanied by extra-
hepatic bilary tract disease, the reverse 1s not necessanly true, according to
Wiener and Tennant (1938), who m a sertes of 4,000 necropsies found 343 cases
of extrahepatic bilary tract disease, among which acute pancreatiis was no more
commen than m the entire senies of 4,000 autopsies.

Cases of Pancreatitss without Biliary Tract Discasc These figures leave us with
from one-third to one-half of the cases of acute pancreatitis that give no cvidence
of coexisting bilary tract disease, as even the most ardent adsvocates of the
common channel theory admit, although at the same time they dismiss these
cases from serious consideration In this connection, Comfort and co-workers have
repeatedly cmplmsized a group of patients with recurrent pancreatitis which
no biliary tract disease can be found In an effort to account for this discrepancy
other theories and evidence bave been adsanced which offer valuable information
about the disease, yet each mn turn leaves unheeded or poorly answered a sizable
group of questions that remains to puzzle the entical mind, We shall briefly note
these theorfes and therr deficiencies, masmuch as the whole answer may be
derived from a variety of sources.
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(1948) after much experimental work over a period of years have coneluded that
pancreatic edema can be produced farrly consistently by ligating the pancreatic
ducts and administering a dose of sceretin, but they have never been able to
cause pancreatic neerosis by this means. In order to change pancreatic edema
induced by duet ligation into nccrosis, they had to superimpose temporary
occlusion of the main pancreatic artery upon obstruction of the pancreatic
duct. From these findings they assumed that a relatively benign transient edema
of the pancreas may be transformed by temporary local ischemia into hemorrhagic
pancreatic necrosis.

A recent paper (1948) by Lium and Maddock categorically stated in its
conclusion, “acute pancreatitis is the result of ductal obstruction m an actively
secreting  pancreas” These writers’ conclusions were based on experiments
almost 1dentical with those performed by Opic in 1900, described above. Like
Opie, they ligated the pancreatic ducts of cats and found in the pancreas
fat necrosis and some mild cellular infiltrate, which was intensified by administer-
ing pilocarpine or secretin. Also ke Ope, they found no hemorrhage nor
gangrene, but instcad of facing this potent objection, they explained it by
saying that the cat’s pancreas is different from the human gland and procecded
to their unqualified conclusion.

A more mpressis ¢ indication of the importance of pancreatic duct obstruction
is based on the behavior of the serum amylase after ligation of the pancreatic
duct. Even though hgation of the ducts does not cause hemorrhagic pan-
creatitis, numerous investigators have found that the serum amylase mounts
rapidly after this procedure, remains elevated for several weeks, and then falls
(Goldstein et al., 1946). If mecholyl and secretin are given after hgation to
simulate pancreatic secrction, the abnormal rise in serum amylase is quite
remarkable (Popper et al, 1943) Although an abnormally high serum amylase
does not necessanly signify acute pancreatitis, it does indicate pancreatic dys-
function, What relation this dysfunction in acute pancreatic obstruction bears
to acute pancreatitis is not well understood

Objections to l’ancreatxc.Duci Obstruction as a Cause of Acute Pancreatitis.
A variety of clinical experiences causes hesitation in accepting the notion that
mere obstruction of the flow of pancreatic juice will cause
So far as gross obstruction of the duct is concerned, acute
m carcmoma of the head of the pancreas, even thou,
dilated A case of acute hemorrhagic pancreatitts ocew
an ampullary carcioma which caused obstruction of
been reported by Puestow et al. (1946) Followmg sul
pancreas, where the head of the gland has been resect
acute pancreatitis 1s rare. Brunschwig and Whipple
a point of this fact in wrging that the ducts can be
acute pancreatitis supersening. In confirmation of e
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common denommator in acute pancreatitis m postmortem examinations. They
discovered a “specific vascular lesion,” a necrosis of the walls of the small blood
vessels, which they attnbuted to the action of trypsin, To check that assumption
they were able to produce the same vascular lesion with hemorrhage by injecting
trypsin subcutaneously in dogs They neat established that the mjection of any
solution 1nto the pancreatic duct ruptures the duct system with great case
and allows the mjected matertal to escape into the interstitial tissue. They
beheved that pancreatic juice, rich m trypsin, as after a meal, might be forced
into the nterstitial tissue of the gland if there were obstruction to the outflow
of the juice Once outside of the duct system, trypsin can become activated
by tissue juices and thereafter can imtiate the specific vascular lesion, which
causes the hemorrhage charactenistic of the disease. They believed that in their
postmortem exammnation of cases with acute pancreatitis obstruction of the
pancreatic duct system was frequent (1n 23 of 24 cases). Such obstruction may
result from gross blockage of the duct of Wirsung by ampullary stone, pan-
creatic caleulus, tumor, or scarrng, but most frequently is produced by micro-
scopic lesions, metaplasia of the epithehum m the small ducts The epithelium
becomes so exuberant that it clogs the lumen and traps secretion. These micro-
scoptc changes may cause the obstruction that forces trypsm into the parenchyma
and sets off the train of events leadmg to acute pancreatis.

The Role of Trypsin in Pancreatitis The role of trypsin, as empbasized by
Rich and Duff, 1s not a new concept. Ever since Langerhans i 1891 demonstrated
that pancreatic hipase caused the lesions of fat necrosis, others have postulated,
following Klebs™ suggestion i 1870, that trypsin was responsible for the unusual
necrosis to which the pancreas 1s alone susceptible The concept of autodigestion
gamed strength from the discovery of enteroknase by Shepovalmkov, for then
1t was supposed that duodenal regurgitating up the duct of Wirsung
could activate trypsin within the gland and cause autodigestion. Although
expeniments simulating this situation were not umformly successful m pro-
ducing acute pancreatitis (Wilhams and Busch, 1907), the 1dea that the intra-
glandular activation of trypsin 1s responsible for the acute lesion has great appeal.
The suppositron that bile, or bacterma, or trauma, or tissue juices can activate
trypsin, allows this 1dea to fit into any of the current theories on etiology.
Dragstedt (1934) went to considerable pamns to argue that active trypsin plays
no role 1n the pathogenesis of pancreatitis, but his evidence was suggestive
rather than conclusive, Other arguments agaimnst the mportance of active trypsm
showed that 1f 1t was mjected nto the pancreatic ducts in small amounts without
rupturing the ducts no damage followed, and that if active pancreatic juice
escaped into the pentoneal cavity (Senn, Dragstedt), no lesions were produced
Winle these conflicting experiments give nise to confusion, they do not exclude
the fact that trypsm under certumn circumstances and in certain localities may
be mjurious. The work of Rich and Duff represented the first well controlled
effort to demonstrate the destructive cffect of active trypsm on the pancreas
as well as on other tissues. Unfortunately, therr evplanation of how trypsin
becomes activated within the pancreas 15 not as convieing as their proof of its

damaging qualities. ‘
Hcaintg Observations on Pancreatic Duct Obstruction. Popper and co-workers
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or, as oceasionally reported, pancreatitis following debilitating discases such as
typhoid fever, it is quite obvious that the inflammation is started by a blood-
borne agent, but in this discussion we are concerned with the majority of cases,
in which the etiology is not so clear,

Eren before the importance of cholelithiasis in pancreatitis had been clinically
established, Fitz in his original monograph on pancreatitis noted that many
of his patients suffered from “gastroduodenitis™ and suggested that perhaps
bactena from the inflamed duodenum made their way into the pancreas and
caused the inflammation. During the 1890's, European investigators {viz., Hlava,
1893) noted that if the injection of mjunious substances into the pancreatic duct
was contaminated with pathogenic bacteria, the pancreas more frequently suc-
cumbed to acute pancreatitis, but organisms from clinical cases could not
be obtained with reasonable frequency and specificity. This objection remains
today as the chief obstacle confronting a bacterial theory of the causation of
pancreatitis. Another objection stems from the fact that the pathologic picture
of the typical discase shows a predominance of parenchymal necrosis rather
than the cellular infiltration charactenistic of bactersal inflammation. When sup-
puratne pancreatitis superyvenes, no one questions the importance of infection
in the process, although many would claim that suppuration secondanly
follows an onginally stenle necrosis.

Experimental Evidence of Bactenia in Acute Pancreatitis, The advent of the
notion that chemical agents such as Inle or pancreatic ferments were responsible
for the peculiar pancreatic lestons tended to lessen the importance of the
bacterial theory, but it has gained mmpetus from various clinical and experi-
mental findings, Both Nordmann (1913) and Arclubald (1919) were unable to
produce acute pancreatitis i cats unless they used infected bile. Dragstedt et al.
(1934), who considered bile the most important factor in the origm of acute
pancreatic necrosts, were nevertheless impressed with the importance of bacteria
m causing the tovie manifestations of the disease. Thewr findings indicated that
anaerobic, gram-positive orgamsms, similar to Cl. welchii, normally exist in the
rabbit’s and dog’s pancreas The tovins elaborated by, these organisms, which
grow rapidly once bile has imtiated necrosis, are responsible for the lethal
aspects of pancreatitis Dragstedt believed that sterile products of pancreatic
necrosis were harmless to the body if placed intraperitoneally

Experunental Cholecystitis Does Not Cause Acute Pancreatic Necrosis, In
general, however, experimental workers cither dismiss the bacterial theory
lightly or give evidence} of 1ts shght importance Wangensteen et al. (1931)
established acute infections in the gallbladders of cats by a vanety of means,
:\d ::ll‘};ﬂﬂg.h t}:]ely som(;:times obsernved “a loss (.)f definite contour of the pnn:

h:,:, Olrcrh:g: \I\lz;nc:;:ﬁec ::;\r (:J;;:\::ll;r;tg :f‘ the. intershitium,” the}' never found
s 5 crosis. When they njected bacteria

mto the pancreatic substance, they likewsse failed to produce necrosis Bacteri
placed in the pancreatic duct do not cause pancreatitis. acteria
Chinical Evidence of Infection in Acute Pancreatitis. From
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the duct epithelum 1s present, but the swmgeon and pathologist frequcmly
observe m the pancreas focal scarring which must be as effective as metaplasia
in causing obstruction m the small ducts, yet this focal fibrosis does not seem
to be particularly associated with acute pancreatic necrosis.

Expcrunental Objections to Pancreatic Duct Obstruction as a Cause of Acute
Pancreatitis Tying off the pancreatic duct is a commonplace laboratory pro-
cedure, and no one has observed pancreatic necrosis or hemorrhage as a signi-
ficant complication of that procedure, ecept to note the presence of one or two
small fat necroses about the lgature Scnn of Clucago m 1886 performed
extensive experiments on dogs to show that the pancieas can be subjected to a
variety of traumatic procedures without endangerng the life of the animal.
After ligating a portion of the gland he observed atrophy and fibrosis wherever
function had been mmpaired by the obstruction Numerous observers have
repeatedly stressed the changes that follow ligation of the pancreatic ducts
In brief, the secretory cells gradually disappear over a period of six to eight
weeks and are replaced by a low grade milammatory response, cousisting of
fibrous tissue and a few round cells This picture is entirely different from that
of acute pancreatic necrosis. Banting, taking advantage of the long-established
observation that following ligation of the duct acmar cells are replaced by scar
tissue while the islands of Langerhans remam practically intact, was able to
prepare hus first extract of msulin from a pancreas treated i such a manner,
and the development of acute pancreatitis m those glands did not thwart s
bnlhant experiment. The changes reported by Opte, Lium and Maddock, and
others were observed m animals withm a day o1 two followmg higation, and they
represent, no doubt, the eaily stages of the lesion which at a later date becomes
extensive atrophy and fibrosts of the secretory parenchyma. De Takats (1929)
has given a complete and careful lustologic picture of the process following
ligation of a portion of the tail of the pancreas drawn from observations taken
from two days to a year postoperatively

Duedenal Diwerticulum as a Cause of Pancreatic Duct Obstruction. Rarely,
a duodenal divertrculum nvolving the papilla of Vater may be associated with
pancreatitis, acute or chronic, and 1ts presence, although usually harmless,
should warn the clmician of the possibility of pancreatitis Ogilvie (1941) saw 3
cases of acute pancreatic necrosis associated with duodenal diverticulum and
believed that obstruction of the pancreatic ducts was responsible for the acute
disease.

In brief, although obstruction of the pancieatic ducts may play an ctologic
part m some cases of acute pancreatitis, 1t 1s not, as understood lod.\y, a minor
factor 1n and of itself. To be effective 1t requires the help of some other predis-
posing cause Active trypsin 1s probably implicated 1 some manner m the onsct
of acute pancreatic necrosis

BacTERIAL INFRCTION

The connection between disease of the pancreas and biliary tract inflammation
can be explained on still another bass, namely, the mvasion of the gland by
pnthogcnic bacteria via lymphatics or blood stream from a neighboring focus.
In nstarces of metastatic abscess mn the pancreas, pancreatitis following mumps,
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contemporaries he helieved that a rupture of the pancreatic arteries had resulted
from a vascular lesion, most probably arteriosclerotic and perhaps syphilitic.
Later experience has shown that neither syphilis nor, in all prnb:\bi]ity, arterio-
sclerosis, are significant entities in acute pancreatitis.

A great deal of work by various European investigators hefore 1900 attempted
to show that thrombosis or embolism in the pancreatic vessels might induce
acute pancreatitis. Smyth (1940) has reviewed these experiments. Hemorrhagic
lesions were produced either hy injecting substances such as wax, lycopodium,
or o1l into the pancreatic vessels so as to produce embolism, or by causing mass
ischemia of a portion of the gland by ecluding all blood supply. Because of
the rich blood supply of the organ mere ligation of an artery will not induce
pancreatic necrosis, whereas ligation plus injection of an embolic substance
frequently does. The use of mass ligatures to cut off all blood supply to a portion
of the gland is also an effective means of causing hemorrhagic necrosis in the
infarcted area. Since 1930 certain continental authors have stressed that nervous
reflexes, acting on the pancreatic vessels, may produce changes that lead to
vasoconstriction and pancreatic necrosis, and lately Popper et al. (1948) have
stated that local vasoconstriction in the presence of pancreatic edema probably
gives the combination of factors that imtiate hemorrhagic necrosis.

Despite suggestive material, the study of the disease in humans has failed
to produce a significant etiologic factor that might be responsible for vascular
changes unless one accepts the “trypsin” lesion described by Rich and Duff.
Smyth, in an attempt to put the vascular theory on a sounder clinical basis,
reviewed 40 necropsy cases with a particular search for vascular lesions. In
only 11 of 40 cases could he find small changes in arteries and veins, correspond-
mg to the “specific vascular lesion” of Rich and Duff, which he considered to be
aresult of the pancreatitis or concomutant with it but of no etiologic significance.
After hus study he was forced to say: *. . . any conclusions regarding the genesis
of pancreatic necrosis based on a study of autopsy material must at best he
speculative, for one is dealing with end stages. Evidence of responsible factors
may well have been destroyed early in the course of the disease, without
leaving a trace” By injecting emboli of metallic mercury into a pancreatic
artery Smyth succeeded expermmentally 1n creating infarcted foci of hemorrhagic
necrosis but no 'fﬂt.ﬂ (.ixsease. and no spreading lesions. The stage of secretory
actvity after stimulation with mecholyl and physostigmine had no effect on
the degree of damage P\e.cently more clinical attention has been paid to vascular
fﬂCtDTSA Johnson and Davis (1945) in an analysis of 22 cases believed that in 4
instances vascular 'o.ccluslon assoctated with hypertension precipitated attacks
of acute pancreatitis When “abdominal angina” occurred in hypertensive,
arteriosclerohic mdividuals, \}wy suspected acute pancreatitis. Paxton gnd Pa né
(1947) noted hypertension in 195 per cent of their 307 cases and pointed }c')ut
that since the average age of their patients fell in the fifth decade arteriosclerosi
was not prominently associated with the hypertension, ! h

More experimental work is needed to elucidate wh
can produce a vascular lesion and whetl

at mechanism, if any,
in turn be the causative factor in pancri

her a vascular lesion, once present, can
eatic necrosis,
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versy exists as to whether lymphatic flow can occur from the gallbladder to
the pancreas, Kaufmann (1927) doubted that it could, Deaver (1921), one of
the most ardent clmical champions of the infectious origin of pancreatitis, made
a great point of the enlarged, inflamed lymph nodes which he found neighbor-
g on the acutely discased pancreas, but others have stated that these mflamed
nodes are secondary rather than primary to the pancreatitis. Recently a pro-
vocative repoit by Koller from Sweden (1947) discussed 2 fatal cases of acute,
edematous, nonpurulent, mterstitial pancreatitis caused by eating food poisoned
with hemolytic streptococer. Necropsy in both cases showed numerous gram-
positive cocci in short chams in the pancreas. The author pleaded for more
accurate bacteriologic studies in cases of acute pancreatitis

Such bacteriologie studies as have been made m large series of clinical cases
do not ndrcate a marked mmportance of bacteria except in obvious instances
Schmicden and Sebenmg (1928), in reviewing the records of 1,278 cases of
pancreatitis, noted that among 187 cases cultured the peritoneal exudate was
sterile in 84 mstances, staphylococei and streptococer predominated in the
infected cases. Among 94 cases the Inle was stenle in 40, and in the remainder
B coli was most commonly cultured. Other less extensive surveys have revealed
vartous cases of acute pancreatitis yielding positive cultures from the pancreas,
penttoneal fluid, or ile The role of inflammation 1s especially apparent when
purulent pancreatitis accompames suppurative lesions of the liver or biliary tract,
but this type of pancreatic inflammation differs from the classical type, which
shows necrosis and hemorrhage According to the literature since Fitz first
observed the phenomenon, the mortality m purulent pancreatitis is notably less
than 1n the more usual form of the disease,

It 15 probable that the edematous pancreatitis noted by Wangensteen in dogs
with cholecystitis, the swollen head of the pancreas often observed clinically
duning operations for mflammation of the biliary tree and the cases of edematous
pancreatitis with hemolytic streptococer reported by Koller represent true
bactenal infection of the gland The pathologic picture m these cases appears
to differ from that of necrosis and hemorrhage which characterize the typical
chnical picture of acute pancreatitis According to Elman, who used the serum
amylase test and chinical findings as diagnostic cnteria, edematous pancreatitss,
a relatively mild and self-imiting lesion, is by far the most fiequent condition
responsible for attacks of acute pancreatiis, Since tlns lesion rarely calls for
operation or necrapsy, we have no way as yet of estumating the frequency
with which bacteria may be mvolved in this change Until more defimte bacteno-
logic cvidence 1s forthcoming, the bacterral theory remains only an interesting
possibility among the causes of pancreatitis

Vascurar Facrors

One of the first pancreatic lesions to impress the authors of the nineteenth
century was massive and sudden hemorrhage mto the pancreas, “pancreatic
apoplexy,” a state analogous 1n ther minds to cerebral hemorrhage. Fitz (1859)
carefully distinguished between this condition and hemorrhagie necrosis of the
gland, because he believed their etiology to be different. In common with his
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blood amylase levels in 2 patients after resection of a carcinoma in the head ot
the pancreas. One patient developed a postoperative pancreatic fistula, bat
neither showed clinical signs of panercatitis. As in the case of accidental trauma,
surgical injury to the pancreas rarely causes chnieal panereatitis but may
frequently clevate the serum amylase.

Miscrirantous Etiotocic Facrons

Tieflur of duodenal contents into the pancreatic ducts has often heen stated to
be a possible cause of pancreatitis, though without strong proof, The injection of
duodenal contents into the pancreatic ducts as been shown to induce acute
panereatitis, but Williams and Busch (1907) objected to this cvidence on the
geounds that the duct system was ruptured. They were unable to produce
acute pancreatitis with regulanty by injecting small amounts of sterile entero-
Linase, and thus the fact that duodenal juice, forced into the pancreatic duct by
duodenal peristalsis would activate the intraglandular trypsin and cause pan-
creatitis was rendered unhkely What, then, about passage of infected duodenal
coutents wito the pancreatic ducts? We have seen that instillations of bacteria
into the pancreatic duct will not induce serious consequences. Furthermore,
it scems unlikely that duodenal contents can be forced into the pancreatic ducts.
Archibald (1919), cven with pressures of 1000 mm. of water, was unable to
drisve fluid from the duodenum mnto the pancreatic ducts,

Opie, howerver, used this mechanisin to evplam instances where acute pan-
creatitis had been Jocalized about the duct of Santorini, the outlet of which
has no sphincter. Occasionally a report of acute pancreatitis following obstruc-
tion of the lower duodenum is found, but such cases constitute no more than
suggestions that duodenal reflux into the pancreatic ducts may have occurred.
This mechanism, however, may exist more frequently than supposed Walters
and Marshall have reported 4 patients who after swallowing methylene blue
discharged some of the dye m bile draining from their common ducts after
cholecystectomy. In all 4 patients the sphincter of Oddi had been widely dilated
by stones, and pancreatic juice was found in the biliary drainage of 2 of the
pabents. Since the ferments might have come via the duodenum, we cannot
assume that duodenal contents also flowed into the pancreatic ducts, but
certainly the possibility eisted. None of these patients had panereatitis. Another
rare entity has proved that duodenal contents can make their way into the
pancreatie duct. Schmieden and Sebenmg have collected 50 cases, in which an
Ascaris worm had invaded the duct of \Virsung and caused acute pancreatic
necrosis

The lustory of an aleoholic spree or chronic aleoholism has preceded
of acute pancreatitis in enough instances to attract the
authonties No one has shown how aleohol
E?ttlttehg;ir:]c;i: 50:::;:—(15;;}:; lhf be}verage stimulates greaker.seoretory activity
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TrauMa

Mechanical mjury to the pancreas, cither accidental or surgical, can be
followed by acute pancreatitis, but in any group of cases a history of preceding
trauma is unusual—less than 1 per cent m Paston and Payne’s series. During the
recent war an occasional mstance of pancreatic necrosis or cyst was reported
as a complication of penetrating wounds of the epigastrium; and cven nonpene-
trating trauma to the upper abdomen may induce pancreatic damage. Shallow
and Wagner (1947) have deseribed the case of a bay who, after sustaining
a blow in the epigastnum from the handle bars of a bicycle, develaped climeal
signs of acute pancreatibs and an elevated serum nmylnsc, which became most
marked mine days after the accident Naffziger and McCorkle have pointed
out that an elevated blood amylase frequently follows mjury to the pancreas.
They reported abnormal elevations in each of 7 cases of traumatic injury to the
pancreas, 5 of which resulted from nonpenctrating blows to the upper abdomen
The maximum amylase values, varying from 241 to 2,117 Somogyi units, did not
necessanily parallel the degree of injury. None of these cases actually developed
acute pancreatic necrosis, although at operation 2 showed small fat necroses
about the pancreatic wound, and it 1s safc to say that without the use of a
serum amylase test these patients would not have been considered as suffering
from acute pancreatitis If we diagnose acute pancreatitis only on clinical
grounds, it is probably uncommon after pancreatic trauma, but, if we use an
clevated serum amylase as our diagnostic cnterion, undoubtedly acute pan-
creatitis is much more frequent after mjury than formerly thought

Senn demonstrated to his own satisfaction that the dog's pancreas could
endure crushing, tearing, higation, partial excision, and a wide 1ariety of surgieal
mnjuries without serious consequence to the animal except for eventual Bbrosis of
the traumatized gland At the same time he was aware that the mere escape of
pancreatic secretion as a result of trauma or even after opeming the duct of
Wirsung into the peritoneal cavity caused no digestion of the imvolved tissues
Many investigators have smce confirmed these results (Flexner, 1900, Wagen-
steen, 1931) Small specks of fat necrosis frequently arise near the site
of trauma but only rarely a truc hemorrhagic necrosis supervenes

Despite the relative immunity of the pancreas to experimental trauma,
surgeons have been embarrassed by the onsct of acute pancreatitis followmg
operative procedures in the region of the pancreas frequently enough to make
them chary of traumatizing the gland any more than is strictly necessay
Schmieden and Scbening in their extensive review listed 145 instances of
pancreatic disease (necrosis, abscess, fistula) that followed operation- after
gastric surgery, 91 cases, after bilary surgery, 38 eases, after splenectomy, 7
cases, after biopsy of pancreas, 4 cases These authors were somewhat pessimistic
about the further progress of pancreatic surgery, especially with regard to
resection of tumors, because of the danger of postoperative panereatic neciosis.
Smee 1936, when Wihipple described a method for resecting carcinoma of the
head of the panereas, it has been shown that this complication is not to be
feared, and surgeons today do not hesitate to approach the pancreas for valid
reasons. Lewison (1940) mentioned a case of acute pancreatitis following resec-
tion of an ampullary tumor Naffziger and McCorkle (1943) reported elevated
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The affected portion of the pancrens is pale, swollen, and Grm, being distended
with interstitial fluid, The parenchyma is intact throughout with no soft or
cystic areas. The color shows that the blood supply is still intact, although
potentially endangered if the hard swelling continues. If the vessels are markedly
congested, the swollen gland may be flaming red, but this does not mean
hemorrhage. A cut section thiough the swollen portion reveals no pus. This gross
picture of carly miammation is similar to that in almost any part of the body.
Microscopically, it likewise is not unusual. Edema is evident in the inter-
lobular councetive tissue and perhaps among the acini. A few or many white
cells, cither polymnrph(muclc.\r or round cclls, float in the fluid, and, when
dense, they may lie between the acini th lves without ing to damage
the parenchyma Bactersa are not present by staining technic. The parenchymal
cells appears normal. The neighbormg lymph nodes may or may not be swollen
and injected.

How the panereas becomes edematous is not known. Many agents when intro-
duced into the gland may cause this appearance: bacteria, trauma, chemical
irritants, and bile. No specific etiologic factors of clinical note distinguish this
type, except that pancreatitis following mumps probably takes this form,

Once established, what course does the cdematous inflammation follow?
It usually subsides within a week to ten days, according to Elman. This resolution
occurs spontancously and leaves little or no fibrosis, depending upon the severity
of the edema. In a small number of cases for some unknown reason the edema
gives way to hemorrhage, necrosss, or suppuration instead of disappearing.
One cannot predict when this unfortunate sequence will occur, a]though pre-
sumably the chances are greater with severe edema. Once these changes have
appeared, a permanent damage to the parenchyma usually follows, and the
anatomic wjury is greater Fat necroses may or may not accompany edematous
pancreatiis Their presence tends to indicate a greater severity of the disease,
but they may be absent m marked edema and obvious in the milder form.

Edematous pancreatitis 1s considered a relatively benign and transient lesion,
Histologically that view is understandable, because no irreversible changes
oceur, The process frequently is found incidentally during laparotomy, especially
for cholecystitis, and surgeons have long been aware that it tends to disappear
spontaneously, leaving no trace at later operation or necropsy.

Prior to the widespread use of the serum amylase test, when edemat
that 1t carned a lower mortality thanguthe; formsat:f T}l]gehdi(;le::zm?s XeﬂhZ?:d

ase, it was still
considered a serious affiiction Schmieden and Sebening noted that 45
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in a series of necropsies on patients with acute pancreatitss, and Clark (1942)
has described the postmortem pancreatic lesions m 36 known alcoholies. He
found pancreatic lesions in 18 per cent of 150 consecutive necropsies on aleoholics.
These observations indicate that in some unknown manner alcoholism sets a
favorable stage for acute pancreatitis

Whenever mystery shrouds the ctiology of a particular disease, an allergic
explanation 1s usually offered sooner or later, acute pancreatitis is no exception,
Its catastrophic onset lends itself to the interpretation that it is a local anaphy-
lactic reaction mn the pancreas with exudation of serum and blood. Theoretically
this occurs when the pancreas has been sensitized by biliary tract disease,
trauma, alcohol, obesity, arteriosclerosis, and gastroduodenitis. Brodie and
Ficarra (1944) have reported a case wlich suggests that acute pancreatitis
may have followed the imnjection of sodium morrhuate for the treatment of
varicose vems, There 1s ittle to support this anaphylactic concept.

After traveling a tortuous and frequently misleading path through a host of
ideas and facts in search of a complete etiologic concept, we find that we still
have no conclusive answer to the question Table I illustrates the varjous hypo-
theses which have been advocated. It has been revealed that blind adherence
to a single theory will not solve the problem, but willingness to combine any of
the known facts wath fresh data wall probably lead closer to the ultimate under-
standing of the ctiology of pancreatitis.

PATHOLOGY OF PANCREATITIS

Our knowledge of the pathologic changes 1 acute pancreatutis is not complete.
We are well aware of the end stages, but as yet pathologic studies have not
allowed us to understand the very first changes m pancreatitis, and until we do
50, our treatment must remam for the most part on empirical grounds. Unfor-
tunately, as Smyth has emphasized, materal based on postmortem studies has
htdden this valuable mformation ahout the carly changes under the devastation
of necrosis, hemorrhage, and pus, and for the present only the description of
what has been seen at operations and postmortem examinations is available,

For deseriptive purposes, five giossly different pictures are seen in acute
pancreatitis, although they rarely exist singly in pure form. Their anatomic
differences do not mmply different pathogenetic backgrounds, and just how
much they can be dercd pait of a process 1s hard to determme.
Undoubtedly there 1s close relationship between some of the forms, but on the
other hand there may be httle between others

The common parenchymal lesions scen early m the chinical course of acute
pancreatitis are. (1) edema, (2) hemorrhage, (8} necrosis, (4) suppuration,
and (5) fat necross.

Epeara

Edema 15 probably the most frequent phase of the discase. Areas of edema
develop in any part or in all of the gland. The head is the most frequent site,
but 1solated spots m the tail, body, and unemate process are not uncommon.



PANCREATITIS 163

acute hemorrhagic pancreatitis found evidence of thrombosis in 26. The throm-
bosis involved seins more frequently than arteries, was both recent and organized,
and was not always located near an area of necrosis. After careful studies Smyth
concluded that there was no way of determining whether fresh thrombi had
formed before or after necrosis Rich and Duff (1936) have deseribed in great
detail a vascular lesion of both arteries and veins that leads to rupture and
hemorrhage but is not particularly associated with thrombosis. Microscopically
it is distingmished by necrosis of the media of the vessel similar to that of renal
arteriolar necrosis. They “were struck by the constant presence” of this lesion
in their cases without giving actual figures. Subsequent studies have not com-
pletely confirmed their findings. Smyth noted the same lesion in only 11 of
Ins 40 cases and considered it nonspecifie. Clark (1942) examined the bodies
of 36 alcoholics with panereatic lesions and found interstitial hemorrhage in 16
organs, Ile stated that “necrosis of the vessel wall” usually accompanied this
bleeding “Necrosis” 15 not further clanfied by the author. Rogers (1944) has
deseribed 2 cases of acute pancreatic necrosis with vascular lesions similar to
those descrihed by Rich and Dulf; but he counsidered them as evidence of
primary discase of the blood vessels and connective tissue, comparable to that
found 1 such poorly understood states as penarteritis nodosa.

Hemorrhagie lesions are serious mamfestations. As one of the two anatomic
signs of acute pancreatic necrosis, hemorrhage carries a high moitality—70
per cent according to Morton (1945). It denotes severe pancreatic damage
In those cases surviving mild and moderate bleeding, the pancreas can apparently
resorb the blood to a large extent Red cells which have accumulated in softened
and cystic spots naturally cannot be so completely removed, and the dead
material remams stamed brownish-black and later grayish-yellow. Fitz noted
that in persons who died shortly after the onset of acute pancreatitis the pancreas
was bloody and red, while those succumbing about ten days after the onset
the gland appeared dark, fnable, and necrotic. He therefore assumed that
“gangrenous” pancreatitis was a later stage of the hemorrhagic form. What
probably happens is that gangrene 1s present mitally, though masked by the
hemorrhage, and then becomes more visually prominent as the blood is aitered
or absorbed

Hemorrhage accounts for the color of the “prune juice” peritoneal fluid, fre-
quently found m acute pancreatic necrosis, although the bulk of the flud
consists of peritoneal exudate which has arisen in response to irritation. Hemor-
rhage also 1s responsible for, th‘e ecchymosis that sometimes spontaneously
appears m the flank (Turner’s sign) or about the umbilicus (Cullen’s sign)
;fter the disease has beerl present several days Fallis (1937) explains these

y stating that blood travels from the retropentoneal positton of the pancreas
via the abdomnal wall and finally Jocalizes in one site. In a case of acut
pancreatitis with umbilical discoloratron Cox (1947) found the abdominal Cl; .
mfiltrated with old blood and a 2 ounce cavity containing some dai k‘ﬂm(;lsc o
showed lipolytic acttvity. s ark flwd that

The hemorrhagie nature of acute pancreatitis accounts for the marked anemia

that may develop mn severe cases, for |
ases, arge amounts of bl X i
retropenitoneal and peritoneal spaces. ood ean eseape into the
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use of the serum amylase test, popularized in this country by Elman, we have
come to believe that edematous inflammation of the pancreas is more common
than formerly supposed and that the majority of such cases resolve without
mortality or complication. Elman (1933) felt that this lesion is a distinct patho-
logic entity and not a forerunner of necrosis, because the edema had often
been observed several or more days after the onset of symptoms at a time when
the acute process should have progressed to a maximum degree. He thought
that this was a distinct climcal entity because it tends to subside without
speafic treatment. Popper et al (1948) have reached the same conclusion
after showmg that pancreatic edema, mduced by ligature of the pancreatic
ducts, can be transformed mnto pancreatic necrosis only if the gland is further
damaged by temporary occluston of the man pancreatic artery. If we assume
that acute edema 1s present whenever transient acute upper abdommal pain
is accompamied by an efevated serum amylase, then that lesion must be fairly
common, a great deal more so than the mare serious forms of acute pancre.ltms

HEMORRIIAGE

Hemorrhage in 1ts most strihing form disrupts the whole substance of the
gland, converting it mto a sold, boggy hematoma (pancreatic apoplexy). This
1s a sudden, catastrophie event and usually promptly fatal The bleeding pre-
sumably anses from an open pancreatic artery of medium caliber, but only
occastonally can this be demonstrated Microscopically, there is nothing to be
seen save red blood cells and disrupted parenchyma. Fitz considered this lesion
a separate entity, but the more recent authors classify it under acute pan-
creatitis  Somewhere, hidden n the lLiematoma, there 15 supposedly cvidence
of glandular necross, which preceded, and, by v olving an artery, was respon-
sible for the hemorrhage

Actually, hemorrhagie lesions in the pancreas are rarely massive and usually
are I 1 by ed Ting and spotty necrosis. Streaks of blood
may lie beneath the peritoneum covering the gland, or blood may bwirow into
the parenchyma along the nterlobular fissures, giving a “marbleized” appearance
to the cut section, especrally when the lobules are swollen and pale with edema
Fresh hemorrhage may also be assocated with areas of softenmg or with cysts,
m which case necrosis of the tissue has occurred When large portions of the
gland have been replaced by gray sludge or iquid matter, then necrosis has
obviously antedated the recent escape of blood. Microscopically, the hemorrhage
consists of red cells gathered m great numbers 1 the interstitial connective tissue.
Whte cells may be more or less promment as well Histologic evidence of
necrosis, consisting of faded acinar cells or, in maked nstances, of actual
disintegration of architecture, 1s practically always visible. Usually the collec-
tions of red cells lie close to the areas of necrosis, Because hemeorrhage and
necrosis are so mtumately connected, the two lesions are ordinanly discussed
together as the twin signs of acute pancreatic necrosis, and although we discuss
each separately, it must be remembered that one 15 hardly ever found without
the other

Much interest has been centered on the nature and incidence of vascular
lestons in acute pancreatitis. Smyth (1940) mn a report of 40 necropsy cases of
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impressed by the “specific vascular lesion” within the walls of the arteries, have
presumed that the blood vessels are particularly susceptible to the injurious
cffect of trypsin and that hemorrhage precedes neerosis, The disruption of tissue
caused by the active bleeding and the jschemia from impaired blood supply
then pm;lucc necrosis of the gland This concept will not, however, account
for isolated arcas of necrosis, well removed from any hemorrhage,

SurrunratioN

Pus is characteristically not found 1 acute panereatic necrosis nor in acute
edematous pancreatitis, When present, bacterial contamination 15 considered
to have occurred, and to distinguish that fact one can speak of suppurative
pancreatitis. The pus may exist as multiple small abscesses in a swollen, red
gland It may fill inflamed and dilated pancreatic ducts. It may take over a
pseudocyst, turning 1t into a large abscess. Microscopically, large collections
of polymorplionuclear cells, living and dead, are obvious. Red cells are not
particularly evident, and areas of necrosis have usually been obscured by the
cellular exudate.

Suppurative pancreatitis is considered less lethal than acute necrosis, probably
because it represents a complication m those persons surviving necrosis. When
multiple small abscesses are present, suggesting a hematogenous infection, hemor-
rthage and necrosis are infrequent companions, and thus mortality is lower.

Far Necrosis

Although most frequently associated with lesions of the pancreas, fat necrosis
can occur under other circumstances. Traumatic fat necrosis has been found
in the female breast, and it also occasionally will develop in any fatty tissue
that is subjected to trauma. In all instances the lesion prabably appears as the
result of the breakdown of neutral fat by a lipase. Necrosis or injury to the
tissue allows the fat, released from cellular confines, to meet the enzyme,
whether 1t be a liberated pancreatic enzyme or a local ferment arising from
the regions of traumatic necrosis. Fatty acid and glycerol are formed. Glycerol
being water-soluble, 15 carned away, but the fatty acids may crystallize int(;
irritating forergn bodies or may unite with caleium ions into insoluble soaps.
Both products remam locally at the site of the injury. The caleum content
of tissue subjected to fat necrosis is much higher than that of normal tissue
{Edmondson and Berne).

Grossly the lesion appears as a firm, chalky, yellowish-white nodul
at times shightly raised above 1ts surroundings, it v:
visible speck to a structure several mlli

s e or plaque,
aries m size from a scarcel
s in diameter, When
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with pancreatic lesions, the nodule may be surrounded by a narrow zone 0;
reddened tissue, denoting acute inflammation. Tt arises wherever fat cells a
located and occasionally from serosal surfaces o

as well Since fat cccurs in the
pancreas, fat necroses lie on the surface
numbers of them are usually found in
they often travel into the abdomen onto
backward 1nto the Tetroperitoneal fat, In
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the mesentery and the omentum or
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NEcrosts

Necrosts 15 characterized by death of tissue. There 15 usually accompanying
hemorrhage, as already emphasized Be acute p 1tis in its severe form
most strikingly shows necrosis, the name “acute pancreatic necrosis” 1s the most
accurate deseription of that disease and is used in preference to “acute hemor-
rhagte pancreatitis”, however, the first term does not exclude the presence of
hemorrhage Gangrene or necrosis of the pancreas appears as soft, friable areas,
ranging n color from yellowish-gray to black. Usually they are blood-tinged,
but occasionally not. As the lesion grows older, the dead contents begin to
lhiquefy, and 1n large lesions a cyst is formed which is lined by inflammatory
tissue at the margin between necrotic and hiving gland Because of their inflam-
matory nature these collections of fluid are frequently called pseudocysts, to avoid
the mmplication of neoplasm The flmd content of these pseudocysts tends to
mncrease, perhaps because of the entrance of pancreatic secretion, and they
may enlarge into big tumors that are easily felt.

Microscopically necrosis 15 casily recognized. In the muldest forms the cells
retamn their shape but are pale and no longer take nuclear stains. A notable
feature of the lesion consists mn the sharp demarcation between areas of necrosis
and normal parenchyma without mtervening change, and in the spotty almost
mdiscrimmate distnibution of the dead foci There may be no cellular exudate
in and about the necrotic cells. In the larger fields of damage, disintegration of
all structures, connective tissue, acini, and islet tissue alike, is apparent
At the edge of such destruction amorphous debris and then a band of inflamma-
tory cells, mostly polymorphonuclear, with an outer layer of red cells is often
observed before unaffected parenchyma is seen Areas of necrosis may be
replaced by scar tissue if the products of dismtegration can be removed Small
amounts can be absorbed by an inflammatory reaction ending in fibrosis, which
remains as a permanent scar Large liquefactions cannot be naturally carried
away, and the pancreas walls these oft with a barrier of fibrous connective
tissue 1 which a few round and plasma cells Le. If these cysts are dramed
surgically, the inflammatory walls collapse and fuse, leaving a pronounced scar.

Microscopically there may be signs of pancreatic duct obstruction consisting
m dilated lumina with compressed, flattened mucosal linings. Rich and Duff
say that they observed this change in 23 of 24 necropsies of cases of acute
pancreatic necrosis Coagulated material may block the lumen of a small duct,
often a metaplastic proliferation of the duct epithehum may do hkewise Smyth
(1940) found ductal metaplasta i only 13 of 40 cases, not a sigmficantly higher
ncadence than found 1n normal subjects.

What has been said about the lethal and serious nature of pancreatic hemor-
rhage applies even more to pancreatic necrosts. Red cells can be carned away,
but dead tissue leaves a permanent scar. Whether hemorrhage or gangrene
comes first has never been settled, even though extensively argued. The views
generally held (Opic and others) ascribe pnimary importance to necrosis of
parenchyma, whether from the myurious effect of bile, pancreatic secretion,
bacteria, or other agents, and further state that hemorrhage ensues when the
advancing necrosis mvolves blood vessels. On the other hand, Rich and Duff,
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have been identified clinically. Complete obstruction of the main pancreatic duct
will, as we have scen, start a progressive atrophy of the parenchyma and a
growth of scar tissue, without a preliminary stage of acute pancreatitis.

Scarring 15 a principal featare in the pathologic picture. Sclerosis leads to
atrophy of the parenchyma, so that in extreme cases the pancrcas becomes a
small fibrous cord. Scarring causes obstruction of the ducts and results in dilata-
tion of the drainage system. Scar tissue encloses and seals off cystic arcas. In
the carly months or years of a chronic pancreatic lesion enlargement of the
organ is usually found, presumably becausc the obstructed secretion distends
the parenchyma (Martin and Canseco). Fibrous constriction in the head of
the panereas takes a more serious toll on the function of the gland than a lesion
Tocated n the tail, and it is more likely to propagate further scarring by virtue
of heing able to cut off glandular sceretion.

CALCIFICATION

Caleification develops in a chronically diseased pancreas, as in the gallbladder.
Some believe 1t may be the cause of chronic pancreatitis. When in the form
of single or several large calculi lodged in the main pancreatic duct, the calei-
fication 15 termed pancreatic lithuasis. Oceasionally the process extends m a diffuse
manner mto many of the fine radicles of the duct system; in such a condition
one can use the term diffuse calcification of the pancreas. Calcifications are
usually located within the duct system; extraductal calcification may arise from
ald foci of fat necrosis.

The origim of pancreatic stones is not understood. They usually contain caleium
and are radiopaque If removed surgically, they frequently re-form. Like stones
elsewhere they prevent proper drainage and cause dilatation of the duct system
and atrophy of the secreting parenchyma. Once present, they promote further
damage to the gland.

Microscopically, the fibrosis respects no boundaries. The islands of Langerhans
often survive for long periods in a sea of connective tissue, but gradually they
dwindle 1 size Where former necrosis has wiped away all structures, the scar
tissue contains no 1slands, Opre distinguished interlobular fibrosis from inter-
actar fibrosis. In the former, the connective tissue septa between lobules are
thickened and encroach on the glandular parenchyma without invadm ‘it
thus encirching normal acini and 1slands. In mteracinar fibrosis, the conne%tive;
tissue makes 1ts way mto the center of lobules, engulfing all ’Skmctures in it
meshes. Opte noted that diabetes was more frequent in this latter type l?
ﬁbm]SlStanxd \lvas rare in tlhe presence of interlobular fibrosis. Because”;f 1(:5
simlanty to hepatic portal cirrhosis, i i i
sl “Pchreahch cmhI:;sisf’ , interlobular fibrosis is sometimes referred

Certan other microscopic features may be noted. Clumps of hemosideri
bear reminder of old hemorrhage. Cellular exudate is nolz 1mpressn("es,ld:l:3

consists of small numbers of round and plasma cells. The medium sized ducts

frequently show dilatation and mas
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;natennlé 1;1dxcahve of static secretion. Occasionally pus gcells :rSePSl::\ns? ml?g
umen. Calafied casts of the small ducts are easily identified when ]L)res:ntt b
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severe cases of acute pancreatic necrosis the peritoneal cavity may be filled
with these nodules, and occasionally they have been seen even in the subpleural
and penicardial fat. Perry (1947) reported convincing evidence that the lipase
responsible for spots of fat necrosis in acute pancreatitis travels by lymphatic
pathways. Microscopically, i the center of the lesion the fat cells are dead with
pale outhnes, or they may be completely disintegrated. Blue-stamed amorphous
material 1s scattered about, and sometime one sees spicular erystals of fatty
acd At the edge of the lesion leuhocytes and beyond them red cells may be
coll 1, and the neighboring small vessels often are congested The inflam-
matory 1esponse seems to be secondary to the initial necrosis. Later, foreign
body giant cells group themselves about the crystals of fatty acid.

Once established, fat necroses disappear very slowly, and may be seen
months after the mitial injury If they become calaified, as they frequently do,
they remain as permanent lesions Pancreatic fat necrosis may oceur alone m
the absence of any other lesion It may accompany any of the forms of acute
pancreatitis, though less frequently the suppurative variety, and in severe cases
of hemorrhagic necrosis 1t 1s almost always present. In the absence of other
lesions fat necrosis 1s not serious except as a sign that the pancreas has been
disturbed Mild trauma or hgature often produce small local nodules that have
no significance for the development of an acute pancreatic necrosis, The chief
importance of fat necrosis is that 1t allows the surgeon to diagnose the presence
of pancreatic disease.

Cause oF DeaTiI IN ACUTE PANCREATITIS

Formerly there was much discussion as to what made this acute disease so
deadly The shock, prostration, and anemia which Fitz descnibed are probably
m part related to dehydration and blood loss. The hberal use of blood and
mtravenous fluids practiced today has made these factors less prominent
fatal cases When they have been elimmated, one still can postulate the idea of
a lethal tosm bemg elaborated by the necrotic tissue. Formerly the peritoneal
exudate 1n acute pancreatitis was thought to be highly toxic, even long after
Whipple and Goodpasture (1913) showed that it was not, and surgeons made
earnest effort to sponge out all such fluid from the pentoneal cavity (Schmieden
and Sebenmg) Dragstedt et al. (1934) after a number of careful experiments
concluded that stenle, lyzmg pancreas was harmless, whereas the presence
of anaerobic. gram-positne organisms similar to Cl welchii in the necrotic
pancreas was highly lethal to dogs They believed that such bacteria elaborated
porsonous tosns when allowed to grow m dead tissue. Although this explana-
tion may be questioned, there has been no experimental work to suggest a better
answer The problem still awaits complete solution.

CunoNic PANCREATITIS

The ongin of the changes noted mn the chromcally diseased pancreas is even
less well understood than those occurnng m the acute disease. Presumably all
chronic pancreatitis has been preceded by an acute lesion at one time or other,
although in many nstances the acute episode was too mild and transient to
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acute panereatitis in 15 per cent of 89 soldiers suffering from mumps Patients
with pancreatitis recovered after several days of such abdominal symptoms as
pain, nausea, and yomiting, (4) Miscellancous factors that may predispose
a paticnt to the development of acute pancreatitis include: peptic ulcer which
perforates mto the head of the pancreas; operative procedures on or about the
pancreas; tonic chemiceals, notably arsenic when administered intravenously;
prolonged debilitating diseases, such as typhoid fever.

PrEVIOUS ABDOMINAL Sy \PTOMS

At least half of the patients who enter a hospital with an attack of acute
pancreatitis have had abdominal symptoms during the preceding months or years.
These symptoms, if mild, consist of transient, ill-defined dyspepsia and vague
indigestion, but in many instances actual attacks of abdominal pain have
occurred similar to those of acute pancreatitis and presumably caused by mild
edema of the gland These attacks are exther not severe enough to send the patient
to a physician or are misdiagnosed. Individuals who have had no previous gastro-
intestinal or abdominal complaints are not Iikely to develop a severe case of acute
pancreatitis without warning.

SYMPTOMS OF ACUTE PANCREATITIS

Clinically acute pancreatitis begins in the upper abdomen with a relatively
sudden pain which arises in the midepigastrium, ionally in the right upper
quadrant, and radiates to the back or to the left fank, When it originates in the
region of the gallbladder, the pan primarily suggests cholecystitis and may
mislead the physician, but if 1t spreads to the left lumbar area and to the left
flank, this symptom points to pancreatitis and, m particular, to irritation within
the lesser peritoneal cavity, Less commonly it radiates transversely in the
epigastrium or becomes generalized m distribution. Pam is the most prominent
single symptom of the disease and only rarely is absent The severity of pain is
a tough mdex of the degree of pancreatic damage. In mild cases of edema the
pan may be no more than slight epigastric distress, and as the pathologic lesion
progresses, the pain increases until 1t attains excruciating proportions in the event
of marked edema or necrosis of the gland. Characteristically, the pain is steady,
unrelenting, and umnfluenced by vomting. Even morphine, which eases the
pangs of bihary cole, affords only shight relief. At the onset of the usual case of
acute pancreatitis the character of pain unfortunately does not lead to a specific
diagnosis between the various acute afflictions of the upper abdemen

Nausea and vomiting promptly follow the pain. Although in the muldest m-
stances only nausea is noted, usually vomiting of a reflex nature 1s conspicuous

and persistent. Continuous ga; iti
gging, retching or vomiting of bile despite an
stomach dehydrate and exhaust the patient. ¢ P ey

Fever is mild or absent, and chills do not occur
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CLINICAL FEATURES OF ACUTE PANCREATITIS

HistoricaL Review; DerFiNITION

According to Fitz (1889), Classen 1n 1842 was the first to establish the clinieal
entity of acute pancreatitis Fitz in his own study differentiated three types of
the disease: hemorrhagic, gangrenous, and suppurative. More recent observa-
tions, particularly those of Zoepffel (1923) and Elman (1933, 1942), have
emphasized a milder form of acute pancreatitis, acute edematous or acute
mterstitial pancreatitis.

Acute pancreatitis, as a chmeal entity, ncludes all the pathologic varietics
of acute pancreatic inflammation It may be subdivided into three categories:
(1) Acute edematous (interstitial) pancreatitis refers to the benign form in
which the chief pancreatic lesion is edema, (2) Acute pancreatic necrosis and
acute hemorrhagic pancreatitis are generally used interchangeably to denote
pancreatitis characterized by hemorrhage and necrosis. (3) Acute suppuratne
pancreatitis xmplies the presence of purulent exudate within the pancreas. Since
the various pathologic subdivisions of acute g itis cannot be distinguished
clmically at the onset of the disease, physictans are justified m retaming the
general term acute pancreatibis until the subsequent course of the disease clarifies
its pathologic nature Wherever possible, the specific terminology should be used

In the general chinieal discussion of acute pancreatitis that follows the reader
will note that the discase begins with a seq of a few pecific symy
and findings. As the illness progresses i the course of several days, it assumes
more specific charactersties which mform the physician about the nature of
the pancreatitis and the prognosis in the individual case

AGE AND SEX INCIDENCE

Acute pancreatitis 1s predommantly a disease of middle age, but 1t may affect
both children and elderly adults Females are afflicted more frequently than
males No reason can be given for the difference in sex incidence other than
that which pomts to the greater frequency of gallstones in women.

PreciPrraTiNG FacTors

Several factors have been observed which, although not the direct canse of
pancreatitis, precede and may contribute to the onset of the disease (1) The
typicnl patient with acute pancreatitis 1s traditionally obese, but probably more
significant than corpulence 15 the frequent history of the mgestion of a large
meal shortly before the onset of abdominal pan Perhaps corpulent indrniduals
are susceptible to the disease because they tend to ovenndulge their appetites.
(2) Alcoholism 1s prommently assoctated with pancreatitis, especially in cases
seen at large city hospitals Of 307 cases repoited by Paston and Payne (1948)
18 per cent were either mntowcated or recovenng from 2 recent aleoholic spree
on admission, (3) Mumps, or epidemic parotitis, may be compheated by the
development of acute edematous pancreatitis mn a small but definite percentage
of patients. With the help of the serum amylase test, Zelman (1944) diagnosed
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colon prior to the onset of paralytic ileus. In a general way, therefore, the over-
all absence of striking abdominal findings distinguishes acute pancreatitis in its
carlicr stages from other upper abdominal emergencies.

After the first day or twe of a moderately severe illness, or promptly in extreme
cases, examination of the abdomen reseals signs of greater significance. Epigastric
tenderness is uncquivocal and is assocrated with well defined muscular spasm in
the upper abdomen. The irritation which arises from a serious panereatic lesion,
whether edematous, necrotic, or suppurative, produces both a reflex paralysis
of the bowel and a chemical pertonitis. The ileus, most prominent in the jejunum,
is manifested by tympanitic swelling of the upper abdomen, by absent or scarcely
andible peristalsis, and by troublesome constipation. A general peritoneal effusion,
colored a typreal “prunc juiee” shade by hemolyzed blood, produces diffuse
abdominal tenderness and shifting dullness in the flanks. Clotted blood does not
move about in the pentoneal cavity, and, when collected in the lumbar gutter,
may cause only an increased dullness and tenderness in the flank. An effusion
within the lesser peritoneal cavity is almost impossible to detect in jts early stages
by physical examination, but operative and postmortem evaminations have
established that it occurs with great frequency in acute pancreatitis. The effusion
can be noted mainly by its indirect effect on neighboring organs, notably a
displ t of the h upward and forward, an elevation of the left
diaphragm, and a pleural effuston at the left Jung base. If, as usually happens,
the foramen of Winslow becomes sealed off by inflammatory exudate within the
lesser cavity, in the course of several days the trapped fluid distends the cavity
to such an extent that a tender mass can be felt in the epigastrium.

Much clmical emphasis has been placed on the appearance of ecchymosis
about the umbilicus (Cullen’s sign) or in the flanks, particularly on the left
(Turner’s sign), since these discolorations are almost pathognomonic of acute
pancreatitis. Cullen’s sign may, however, as originally described, accompany a
ruptured tubal pregnancy. Both of these signs in pancreatitis depend on ‘the
estravasation of blood into the retroperitoneal tissues from a marked hemorrhage
in the pancreas. The blood dissects forward to the flanks and may proceed ?o
the umbilicus where 1t collects because of a pecubiar arrangement of the fascia
These signs are rarely observed and, if presen :
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lapse into shock unless dehydration and uncontrolled pan cause a fall in blood
pressure several days after the onset of the disease.

If the patient is not scen until the second or third day of the illness, further
symptoms may develop to help delineate the disease. In the average mild case
the pain begins to subside after 48 hours, and the vomiting ceases, On the other
hand, pam that remains unabated or increases indicates the more serious
pancreatic lesions. In the persistent cases paralytic ileus develops on about the
third day and is accompanied by constipation and slight bloating of the epigas-
trium, As the ileus becomes more pronounced, the vomitus increases in amounts
and may assume the appearance of intestmal contents,

PmysicaL FINpinGs

In contrast to the alarming nature of the symptoms the physical examination
reveals few abnormalities The patient is rarely m shock, although he often
exhiits an anxious weariness, common with any severe abdominal pain. When
present, shock is usually severe, and the patient appears monbund. A peeuliar
ashy cyanosis of the extremities and face with pallor about the Ips, marked
hypotenston, a rapid, weak pulse, and semi-coma may be observed but are not
diagnostic of acute | 1tis 10 the al of further information. Pattents
in this condition rarely survive more than a few hours, and unless the serum
amylase 1s determined the diagnosts 1s made only at necropsy. On the other
hand, subclinical shock, suggested by thirst, pallor, and restlessness, 1s present
m most of the moderately severe cases. Although the blood pressure remains
near normal limits and the pulse does not become exceedmngly fast, impending
collapse can be detected by signs of dechydration Sudden shock early i the
disease generally sigmifies massive hemorrhage from the pancreas mto the
abdomen or retroperitoneal tissues The gradual appearance of shock after a
day or two of illness can probably be explained 1n two ways. The more obvious
cause consists m the depletion of blood volume by bleeding from the pancreas,
by persistent vomiting, and by the devclopment of large collections of flud
exudate in the greater and lesser penttoneal eavities. The total loss of flmd by
these various routcs may amount to several or more liters m the course of even
one day In additon to a depletion of blood volume, shock may result in an
ill-defined manner from toxic prod which are il d by the damaged
pancreas, especially 1n mstances of marked necross.

In the moderately 1l patient the temperature s normal or only mildly
elevated, while the pulse 1s mcreased to about 100 With impending or actual
shock the temperature falls to between 85 to 36 5°C Significant physical findings,
if available, center about the upper abdomen Usually the epigastrium shows
moderate tenderness in a general area corresponding to the site of the pam, but
oceasionally no defimite tenderness 1s ehated Tenderness in the left flank or
Jumbar area may accompany lesions in the tail of the pancreas or in the lesser
al cavity, Spasm of the abdomina) muscles is not as a rule present in mild
cases, a helpful negative finding, n!though vnluntarx guarding 1n the epigastrium
comsmonly occurs. In the early typical case pcns‘talsls 15 normal or shghtly hypo-

ltation and the abdomen 1s not distended with fluid or gas. Diar-

ive to auscw
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available at the present time which will unequivocally make this diagnosis. The
various clinical laboratory features of acute pancreatitis are: (1) clevated blood
amylase, (2) clevated urinary amylase; (3) elevated blood sugar and sugar in
the urine, (4) low blood calcium; (3) roentgenologic findings; (8) electrocardio-
graphic changes.

Blood Serum Amylase. In 1908 Wohigemuth developed an jodometric method °
for the determination of the blood serum amylase on the basis of his original
urinary diastase test. The clinical application of this test was not widely recog-
nized until recently because it had not been performed early in the course of
the disease when the blood amylase is clevated. In this country Somogyi in 1938
developed a saccharogenic method®® for the determination of blood serum
amylase which has been widely used This test is the most important single
diagnostic tool. When all laboratory factors are well controlled, the test is

° The Wohlgemuth todue test, stll used extensively i Europe, depends on measuring the
loss of starch substrate by observing the blue color formed by the union of iodine and starch.
Briefly, the tcehme consists of placing a known amount of starch substrate in a senies of test
tubes and then adding serum or plasma i quantities that senally dmmmish by 01 ce The
t: misture 15 jncubated at 87°C for 45 minutes, after which enzyme actity is
stopped by addmg cold water to the tubes Iodine 15 used as an indecator, and the first tube
m which the blue color of the iodine starch complex 1s lost 1s taken as an end point. Amylase
units are then expressed as the volume of serum which 15 required to change 1 ce. of starch
from & blue to a purphsh color, and they are usually stated as umts per cc. of serum Because
of the dilution factor in succeeding tubes, Wohlgemuth values for amylase generally run in
geometnic progression, and the shift of end pownt from one tube to the nest causes wide varia-
tion m values. The test 1s quick and simple, despite ats relative maceuracy

Ap Ifi of the prnaiple 15 that of Huggins and Russell (1948),
who use a colonmeter to measure the change n the blue color of a starch-iodine complex,
Incubation of starch, serum, and buffer is carned out for an hour, after which 1odme and fluonde
ton are added The fluonde stops digestion The solution is read m a colorimeter with a 660
my filter, and comparison of the reading to that of a mixture not mcubated gives an expression
of the per cent loss of starch The result, stated as umts, mdicates that one umt equals the
amount of enzyme which hydrolyzes 1 mg of starch m one hour at 37°C. and at pH 70,
Normal +alues range from 8 to 85 umts. .

©* The saccharogenic methods determne the amount of sugar produced by the serum amy-
lase following digestion of @ known amount of starch Alkaline copper reagents are reduccd b

a
the sugar so liberated, and the degree of s d 1 ol Ty, Somory
(1938) has populanized this method, and s procedur 15 1m common use in the Uriied gy s,
Serum, substrate, and buffer are bated at a known temp for a known penod of ti o
{usually 30 minutes) At the end of sneubaton digestion 15 stapped. by preciprtatiog the Lo
and the filtrate 15 tested for sugar by measuning the reduction of a copper rea gent eAP o lem,
actvaty m umts 15 expressed as milligrams of reducing sugar formed as glucosegh l(]Clmy as:
serum Control determinations must be run simultaneously and their value subtnctyd i c(:le
of the test mivture Normal values with Somogyr’s method range from 80 to llS(;? e
an average of about 120 umits, with

Myers et al (1944) advocate a vanant of this pr
values, m milthgrams of redueing sugar formed by 100 cc of serum, aves ucleso Therr nomal

Viscosmetric methods measure the decrease m the viscostty of mgeh D per cent.
being hydrolyzed by a serum amylase Tncubated digestion mustures g wog e [0 25 1L 3
wald viscostmeter at vanous mtenals until viscosity is reduced by 20 are examined mn an Ost-
the test has certain objections, chief of which fs that o Sseoebe T cont: Though smple,
relation to time of mcubation, change 1 viscosity does not bear a linear
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longer flows mto the duodenum, the duodenal secretions become strongly acid,
and consequently, when regurgitated mto the pylorus, favor the development of
peptic ulcers m the stomach or duodenum

(2) Jaundice m the absence of gallstones has occasionally been reported in
acute pancreatitis, but not nearly as frequently as in chronte pancreatitis. Because
the common bile duct in 1ts termmal portion lies on or is surrounded by the head
of the pancreas, common duct obstruction is readiy caused by edematous
swelling of the gland, but smce edematous pancreatitis appears abruptly and
tends to subside witlin several days, the obstruction 1s transient, and clinical
jaundice does not usually develop Determmations of the serum bilirubin during
the acute phase of the disease will probably reveal a surpnsingly large number
of cases with laboratory evidence of obstructive jaundice in the absence of
clinical signs.

(3) The presence of hypertension in patients with acute pancreatitis has
recently been stressed by Paxton and Payne, who observed clevated blood pres-
sures 1 20 per cent of 307 cases. These authors pomted out that the average age
of the total series (41 years for males and 49 years for females) was younger
than the period of life m wlich hypertension is common Although this phe-
nomenon 15 unexplained, it may be recalled that Rich and Duff described in
acute pancreatitts a vascular lesion of the pancreatic vessels which resembled the
artental lesion in remal arteriosclerosis assoctated with hypertension

Having obtaned a history and performed a physical examination the physician
may strongly suspect acute pancreatitis, but he cannot make a posih\e diagnosis
early m the disease without help from the laboratory. On the other hand, the
wise diagnostician will acquire a thorough knowledge of the aspects of the case
in question, before resorting to laboratory tests.

LaporaTory FEATURES

The results of laboratory tests 1 a case of acute pancreatitis may be divided
into findings which are nonspeaific and those which are charactenstic A brief
discussion of the routme tests will precede the description of the more diagnostic
features.

In the early stages of the illness, when dehydration is common, the blood
reveals a normal or high number of red cells associated with normal or elevated
values of hemoglobin and hematocrit Once dehydration has been corrected.
mild anemia may appear, and a low red cell count ndicates extensive hemorrhage
from the pancreas By following the level of red blood cells the physicuan 1s
aided m deciding when to use blood transfusions and what the prognosis may
be Moderate Icukocytosis (10,000 to 15,000) usually is found Necrosis may
elevate the white blood cell count to 25,000 If the level of leukocytes in the
course of acute pancreatitis suddenly nises, the onset of suppuration in the gland
must be suspected The urne is usually concentrated, reflecting dehydration,
and in moderately severe cases alk 12 1§ panied at times
by granular casts and an occasional red cell Glycosuna 1s also frequent and 1s
further d d with the cl 1stic laboratory findings,

The aid of the clinical laboratory 1s necessary to make a positive diagnosis
of acute pancreatitis It must be emphatically stated that no Iaboratory tests arc
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of amylasc is starch. Starch solutions defy cvact chemical analysis and do not
conform to sct patterns. Thus, there is great uncertamty whether the starch
used for one test will be identical with that used in another.

Determination of Serum Lipase: As in the case of amylase, one of the chief
obstacles to a prompt, simple test of serum lipase has been the difficulty in
finding a suitable substrate, The most widely used method, that of Cherry and
Crandall (1932), uses olive oil as a substrate and requires incubation for 24
hours, a serious clinical disadvantage. After incubation the mixture is titrated
with sodiutn hydrovide (phenolphthalemn indicator) to detect the amount of acid
formed by the breakdown of fat. Resuits arc evpressed as the number of cubic
centimeters of 1/20 normal sodium hydrovide required to neutrahze the acid
formed by the action of 100 cc. of serum. Values above 15 cc. are considered
abnormally high,

A simpler, more uniform substrate, tributyrin, has been proposed, which will
permit incubation for one hour and at the same time yield reliable values
(Goldstein and Roe, 1943). Popper (1948) preferred the serum lipase test to
the amylase detcrmination, on the grounds that it is a more delicate indi-
cation of pancreatic dysfunction, especially in obstruction of the pancreatic
ducts,

Duodenal Enzyme Tests: Since Agren and Lagerlof in 1936 described their
method of collecting pancreatic secretion from the duodenum after stimulation
of the gland with secretin, a number of authors, mcluding Diamond and Siegel
(1940), have reported eatensive surveys which record the amounts and concen-
trations of pancreatic enzymes released into the duodenum under various con-
ditions, A rubber tube with two lumina is passed into the duodenum via the
mouth and 15 constructed so that when the longer end rests in the duodenum
the shorter one lics in the stomach, The lumen ending 1n the stomach is designed
to remove gastric secretion, thereby preventing dilution of ducdenal contents
The fluid aspirated from the duodenum is presumably pancreatic secretion, after
the amount of bile present has been calculated and subtracted. The duodenal
aspirate is collected continuously until a base line of fasting secretion has been
1;2:1;lrlzi‘::u:"cyovg%;nﬂc;x:\e, I;t()ur, and th.en‘secretin is administered intravenously

> 2 copi pancreatic juice. Samples are then collected for
measured intervals throughout a period of an hour or more. These labeled
samples are then promptly examined for volume, bicarbonate comen; and
enzyme content. The procedure is cumbersome and requires constant ent
during the colection of samples, it can hardly be used on the very 1ll patient be-
cause of the mconvenience of passing a tube into the duodenum, Lager];f (194;)

beheved that the important practical results
2 2 A consist of the behavi g
total bicarbonate ion, and total amylase content, ehavior of volume,

1f these values fall below normal, one can
s fall N assume that an insufficient
of pancreatic juice is reaching the duodenum. Either atrophy of the seit?tum
parenchyma or obs(xucl:ml.l of the pancreatic ducts by tumor, inflammation o
stone may cause that diminished secretion, ecific palhuénomonic featn o
rest 1\;1 \(he ‘ﬁgure; lof akduodena] analysis beyoud a general indication of '\tm‘;a;\es
or obstruction This knowledge may be helpful i , o
’ 3 1 in chroni
within the abdomen, but usually the diagmlxjsns of pancrr::t,iculzlsii:;:emlmers
can be

attention
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mvaluable except in the instance of borderline values and except for the inher-
ently variable behavior of the pancreatic amylase in a given patient with pan-
creatitis. Elevation of the blood serum amylase is seen most frequently with
parotitis and acute pancreatiis It is now an established fact that if the blood
serum amylase test is done within the first two or three days of an acute illness,
a low or normal reading 15 of considerable value in climinating the possibility
of acute pancreatitis. In all cases of suspected or actual acute pancreatic disease
this test should be repeated frequently during the first 72 hours and at daly
intervals thereafter.

McCorkle and Goldman have described six variations in the curve which
expresses the behavior of the serum amylase level in acute pancreatitis: (1)
sharp nise and fall to normal, (2) sharp rise and fall to subnormal; (3) fluctua-
tions following the clinical subsidence of acute pancreatitis, (4) sustained high
lesels, (5) secondary elevations; (6) slight increases, but these observers have
potnted out the himitations and spontaneous variations of the blood serum
amylase test in relationship to its diagnostic value. Of all available dragnostic
tests the blood serum amylase determination affords the most reliable ard

Diagnostic Enzyme Tests. A certam amount of amylase and lipase, similar
and perhaps identical to the enzymes manufactured in the pancreas, can be
found in normal blood The urine and duodenal contents also contain measurable
amounts of both enzymes. During various diseases of the pancreas, especially
acute pancreatitis, the amount of enzymes in the blood stream increases Accurate
measurement of this increase would be a valuable diagnostic tool.

At present, the scale of biologic activity is the only practical yardstick for
comparing concentrations and strength of enzymes. In order to set up standard,
repeatable tests for a particular enzyme one must control among others the
followimg highly vaniable factors: (1) pH at which the enzyme acts, (2) tempera-
ture at which the enzyme acts, (8) substrate which is digested by the enzyme,
(4) time during which the enzyme acts. These and many other conditions
nfluence the speed and amount of enzyme activity. A vanation in any one factor
will alter the end result of a test.

The following simplified formula expresses the process of enzymatic digestion.

substrate -4~ enzyme — residual substrate -+ end products of
digestion 4 enzyme

Clinical tests depend (1) on a simple measurement of the amount of end products
formed; (2) upon the diminution in the amount of substrate after digestion,
or (3) upon changes in the physical characteristics of the mixture of restdual
substrate, end products, and enzyme. No test, therefore, is an expression of the
actual amount of enzyme present but is merely an attempt to express the degree
of its activity.

Determination of Serum Amylase, The activity of serum amylase has been
studied ively since Wohlg h (1908) described his method of deter-
mination. Because of the difficulty in controlling the many variables that govein
enzyme activity, no one method of expressing the serum amylase is completely
satisfactory. One of the most elusive variables 1s the substrate, which m the ease
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stomach and increased size of the duodenal loop may be seen in cases of pan-
creatic enlargement or pseudocysts of the pancreas. A tender swelling of the
pancreas may be noted on palpation at fluoroscopic examination. Roentgeno-
graphic findings are not pathognomonic of acute pancreatitis, though they may
aid in diagnosis. Roentgenologic examination is of particular value in establishing
a differential dhagnosis of perforated uleer.

Elcctrocardiography. Recently several observers, notably Gottesmann et al.
(1943), have indicated a scries of clectrocardiographic changes which they
regard as specific for acute pancreatitis. Although a certain percentage of patients
will show such changes, there is nothing diagnostic in the pattern. In our own
clinical study we were unable to find any consistent electrocardiographic pattern
diagnostic of acute pancreatitis, nor could we find any correlation of changes
in an experimental study. Two plausible explanations for such clectrocardio-
graphic changes may be suggested: (1) a low calcium level; (2) a disturbance of
the vagal impulses via the cehac plexus, or a combination of both of these factors.

Course AND COMPLICATIONS

Acute pancreatitis in its early stages cannot be clinically differentiated into
pathologic types as presviously stressed, but as the disease progresses, certain
features appear which tend to identify the particular form.

(1) Acute edematous (interstitial) pancreatitis is present in two-thirds to
three-quarters, and perhaps more, of all cases with acute pancreatitis, In mild
i of ed h itis recovery usually begins two to three days
after the onset of the illness. Pain disappears; appetite returns; and soreness
gradually leaves the epigastnum. Within a week or less the patient is ready to
resume a normal life. Even i a moderately severe case the course rarely lasts
more than two weeks. In severe fatal cases death as a rule occurs early in the
disease, within the first four days. Transient jaundice is more likely to appear
in acute edema of the head of the pancreas than in other acute lesions of the
pancreas Fat necroses may be widespread in connection with edematous pan-
creatitis, but cause few if any symptoms Paxton and Payne reported severe
coronary pain in 3 cases of acute pancreatitis with fat necroses in the left pleura
and pericardium.

(2) Acute pancreatic necrosis or acute hemorrhagic pancreatitis is found in
one-third to less than one-quarter of cases with acute pancreatitis. Symptoms
are usually pronounced but may be decervingly mild. If a patient fails to}imp TOVe
after several days, and signs of intra-abdominal mfl tion persist, pa P atic
necrosis or hemorrhage 15 probably responsible for delayed recme’ry. In fatal
cases death usually occurs before the fourth day, but at times it may be t
poned for two to three weeks untl precipitated by secondary infectioz Bt
monia Collections of inﬂammatory fluid and secretion within th S
(pseudocyst) frequently result three to four weeks followin the att: ek PQ?GE“S
creatic necrosis, and occasionally earlier. They are first nut;gced in l“‘-‘ ot ot o
shghtly tender, epigastric mass, in the midli In the fom ofa
may be entirely amonpt 1ass, ine or on the left, mn patients who

ptomatic. Usually the mass causes upper abdomi 1 di
and may be accompanied by mild low grade fev: e 8 orna clstress
semmliquid grade fever and leukocytosis. Since the
quid contents of the cyst are sterile, consisting of :
g autolyzed pancreatic
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made from other sunpler methods This analysis will not differentiate between
carcinoma and inflammation of the head of the pancreas,

Urnary Amylase A urmary amylase test was developed by Wohlgemuth to
measure the amylolytic enzyme sccreted by the kidney and is determined by a
method of starch hydrolysis Ongmally he used the test as an index of renal
madequacy but noted that in pancreatitis the unnary amylase was elevated.
The test consumes too much tume to be of real diagnostic help i acute pan-
creatitis, hence the blood serum amylase test 1s superior In renal disease reten-
tion of amylase n the blood 1s readily noted if both serum and urinary amylase
deterrnations are made.

The unnary diastase usually becomes elesated 12 to 24 hours later than eleva-
tion of the blood serum amylase. It usually remains elevated longer, however,
these features are not constant

Determmation of Uninary Amylase. Amylase in the unine represents the enzyme
which has been cleared from the blood stream by the kidney. When the kidney
1s functioning properly, the actity of urinary amylase parallels that of the serum
amylase m the same person, but when kidney function is reduced by nephritis
or dehydration, the values of uriary amylase vary widely from those occurring
in the serum Furthermore, in normal persons the concentration of urinary amy-
lase varses from one hour of the day to another, according to Dozz1 (1940) In
general, therefore, serum amylase tests are more rehable. Any of the methods
used to determune serum amylase can be adapted to the measurement of urinary
amylase A saccharogenic method 1s probably the most accurate except m the
presence of marked glycosuria

Hyperglycemia and Glycosuria Elevation of the blood sugar in some patients
with acute pancreatitis has been noted by many observers. Hyperglycemia has
been noted 1n many cases without previous evidence or history of diabetes melli-
tus, as has been mentioned Although more thorough clinical observations must
be made before positive conclusions can be drawn, 1 those patients with hyper-
glycemia the blood sugar levels should be checked by penodic glucose tolerance
curves Shumacker (1940) noted that in severe acute pancreatihs 2 per cent
developed dabetes durmg the disease, and 3 to 10 per cent m the immediate
follow-up perrod.

Correlation of glycosuna with hyperglycemia 1n patients with acute pan-
creatitis has also been noted Shumacker reported the presence of sugar mn the
urme 1 11 per cent of patients with acute pancreatitis,

Blood Calcium. Edmondson and Berne and others have reported a depression
of blood calcium 1n acute p itis The exact h for this disturbance
18 not yet known It 1s believed to be due to utilization of the 1omzable calcium
in areas of fat necrosis The blood calcium may fall from a normal level of 10 mg.
per cent to as low as 54 mg per cent Trevor and Brown (1944) reported one
patient with acute hemorrhagic pancreatitis and associated fat necrosis in whom
chinical tetany developed on the third day of illness

Roentgenography In the later stages of acute pancreatitis roentgenologic films
of the abdomen may reveal a segmental ileus involving a portion of the gastro-

intestinal tract, usually the jejunum In a series of 307 cases reported by Paxton
and Payne, 68 per cent res ealed a segmental type of ileus. Displacement of the
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theie are a number of upper abdominal and cven lower abdominal surgical con-
ditions of the acute variety which make the chmeal diagnosis of acute pancreatitis
difficult. Some of the more common are acute cholecystitis, perforated peptic
ulcer, acute intestinal obstruction, acute appendicitis, and mesenteric throm-
bosis. On the other hand, there are a few medical conditions which also simulate
the classical picture of acute pancreatitis and which will require consideration
before a differential diagnosis can be made. Some of these conditions arc acute
coronary discase, biliary colic, pneumonia, dissecting aneurysm of the upper
abdominal aorta, and on occasions tabetic crisis. Because of the difficulty encoun-
tered n making the correct diagnosis on a clinical basis, we Dbelieve it worth
wlile to repeat the sahent points of the dilferential diagnosis of these various
condtions.

Acvrr CrioLECYSTITIS

Frequently the pain produced by acute pancreatitis 1s indistinguishable from
that of acute cholecystitis, but is usually confined to the midline in the epigastrium
or to the left upper quadrant. Pain 1 acute cholecystitis is usually in the right
upper quadrant. It may radiate around the back to the tip of the scapula or
between both scapulae. In acute cholecystitis deep respiration may be painful,
and with the examiner’s thumb or fingers in the right upper quadrant, the area
may be excruciatingly tender on deep respiration This is known as Murphy’s
sign. In acute cholecystitis a patient may reveal tenderness and muscle spasm
localized in the right upper quadrant, but mn spite of the spasm the galibladder
may be palpated as a tender mass In many instances emergency roentgenography
may reveal stones i the gﬂllbladder region, which are helpful in directing
attention to this organ and away from the pancreas. Fever and chills tend to
mndicate cholecystitis but are not charactenistic of acute pancreatitis.

Penronraten Permc ULcen

A free perforation of a peptic ulcer may more nearly simulate acute pancrea-
titis than perhaps any other acute upper abdominal condition. In perforation of
a peptic ulcer there 15 more generahzed abdominal rigidity than 1s seen in acute
pancreatitis, In the majonity of cases the entire abdomen is said to be “board-
like,” whereas in acute pancreatitis the pain and muscle spasm are usually con-
fined to the epigastric region Usually in a perforated peptic uleer there is a histo;
of dyspepsia reheved temporarily by food or alkah, although occasionally t]?c,
perforation 1s the patient’s first intimation of disease, A]lhough one may suspect
a perforated peptic ulcer, occasionally the Tustory and the physical findin, spare
so paralle] to that of acute pancreatitis that a clinieal differential diagnosis cgqn t
be made. In such an mstance roentgenograms may prove to be helpful ‘F'lno
taken with the patent in an upright position or in the right Iatemlp decubl‘:s
position may clearly demonstrate the presence of a pneumoperitoneum T}:e;z

roentgenologic findings would immediately su t th i
most Hiely 5 pesforaied peptie wheat ¥y suggest the rupture of a hollow viscus,

Acute INTESTINAL OBSTRUCTION
Acute mntestinal obstruction,

ticul.
smmulate the picture of acute ppar ey n the 3

la per abdomen, may closel,
ancreatitis. Severe intermittent pain of z)n cramp)j
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tissue, old blood, and pancreatic secretion, there may be little or no systemic
reaction to the growth of the cyst When bacteria become established n the

ft y masses, the orga evoke a purulent exudate and change the
pseudocyst into an abscess Pscudocysts often rupture into the lesser peritoneal
cavity, or may dissect ventrally between the leaves of transverse mesocolon, and
occastonally discharge therr contents into the colon or adherent loops of small
mtestine. Although small cysts may be resolved spontancously, those which are
palpable externally usually require some form of surgical drainage. Diabetes,
as shown by glycosuria and hyperglycemia, may appear early in the course of
severe pancreatic necrosis and disappear as recovery takes place. On the other
hand, as reparative fibrosis constricts the remaining intact gland, the islands of
Langerhans may be diminished in amount, even below the number which
functioned during the height of the disease; thus diabetes may make its appear-
ance after the acute process has fully subsided. According to Shumacher (1940),
diabetic coma may be seen in the course of acute pancieatic necrosis Thrombosis
of the splenic and portal veins may be caused by severe pancreatic damage.

A certain proportion, perhaps a third or more, of patients who survive the
first attack of acute pancreatitis, erther edematous or hemorrlmgic and necrotic,
will endure at least one additional bout of the same disease If periodic attacks
continue, the y becomes chronically inflamed and ultimately becomes
atrophied throughout. At present, there seems to be no way of predicting which
patient with acute pancreatitis 15 destined to develop a chronic and disabling
form of the disease; hence every effort should be made to prevent recurrences
of this unfortunate 1llness,

(8) Suppurative pancreatitis may occasionally result from a primary bactenal
mvasion of the gland, such as multiple metastatic abscesses transmitted by the
blood stream or lymphatic vessels, or as suppuration extending directly from 2
neighboring purulent focus, In these instances, the purulent inflammation within
the pancreas is usually only a festation of a generahzed infection, and
symptoms of pancreatitis, such as epigastric pam and vomting, are mashed by
those of marked systemic tovcity.

Acute suppurative pancreatitis commonly refers to the supervention of bac-
terial orgamisms on the lesions of pancreatic necrosis and, occasionally, edema
As a secondary event, suppuration may begin 2 day or two following the onset
of the discase, but usually 15 first seen after five to seven days or more. Unless
a febnile episode occurs m the course of convalescence, no clear-cut signs mark
the beginning of suppuration, which can be 1dentified mamly by an abnormal
rise 1n fever and increased leukocytosis The large pseudocysts of pancreatic
necrosis unfortunately tend to become infected, and under such circumstances
they create the senious problem posed by an intra-abdominal abscess With
virulent infection the subsequent course is stormy and frequently fatal, whereas
a mild infection can often be effectively handled by the bodily defenses.

DIFFERENTIAL DIAGNOSIS OF PANCREATITIS

1

It becomes obvious that the diff of acute p. itis is a
most important problem to the clinician. Time 1s important since unnecessary
delay may, for a specific surgical lesion, invite disastrous results, In this regard

'«
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tinal obstruction. The onsct is not so sudden as in acute pancreatitis. Most of
the symptoms and signs of acute mesenteric thrombosis simulate acute pan-
creatitis so perfectly that the differential diagnosis is difficult. A mild bloody
diarrhea is not in acute ic thrombosis, however, and may
be an important diagnostic sign in this condition. In mesenteric thrombosis of
the colon wtensity of shock is usually out of all proportion to the abdommnal
findings and hence may suggest this syndrome. Moreover, diffuse abdominal
tenderness and muscle spasm are common in mesenteric thrombosis; whereas in
acute pancreatitis pain is localized for the most part in the epigastrium and
the left upper quadrant.

Rexar Couic

Although in the majonity of cases of renal colic a differential diagnosis from
pancreatitis would not be too difficult, 1t is possible that a stone in the Jeft ureter
would create difficulty in making a positne diagnosis. The pain of renal colic
15 knife-like and usually radiates toward the thigh or genitaha. When the stone
enters the ureter the pain can be so exeruciating as to produce nausea and vomit-
ing and spasm of the abdominal wall musculature, and may even cause collapse
of the patient, a phenomenon referred to as Dietl’s crisis In genem], observation
of the patient and exammation of the urine with findings of hematuria will
establish the differential diagnosis.

Biuiary Couic anp Coynox Ducr StoxE

Biliary colic m an extreme degree may simulate acute pancreatitis. In biliary
colic, which 1s really acute cholecystic obstruction, the origin of the pain is not
certain, but apparently 1t is assoctated with such factors as spasm or contraction
of the gallbladder, distention of the cystic duct, or mflammation associated with
the presence of stone. The pain usually occurs in paroxysms with tenderness
and pan remaining locahized m the right upper quadrant in the abdomen. The
history and nature of onset of the acute cholecystic obstruction, in conjunction
with a physical examination, should i most instances differentiate this condition
from acute pancreatitis. The pan of common duct stone and associated signs
and symptoms resemble those of biliary colic, but the presence of jaundice, fever,
and chills distinguish this condition from both biliary colic and acute pancr’eatxtis’

Acute. CoronARY DiSEASE

Acute coronary disease and, parbeularly coronary thrombosis, may resemble
important surgical conditions of the abdomen, including gallst(;ne c):nlic acuty
pancreatitis, acute appendicitis, perforated peptic ulcer, and acute in;estini
obstruction, The presence of dyspnea and the radiation of pain to the ste; .
or to the arms may be helpful in the differentiation of coronary disease. In mut“
pancreatitis the pan remanns in the midepigastric region and in tl;e l. ft wppor
quadrant, however, there are cases of acute coronary disease which . 'llulpllper
the same symptomatology. Electrocardiograms m the ear] , sta 9 be the
turming pomt on which the diagnosis will rest. Indeed, the sy e e the
to the marked similanity between acute coronar d" Tt ’T‘USt e aert
Realization that coronary heart disease can prod, Y arkod s domns condition,

produce marked abdominal symptoms
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Iike nature 1s the most important symptom m acute intestinal obstruction Gen-
eralized distention of the abdomen usually helps to differentiate between these
two conditions In acute pancreatitis there is usually spasm with tenderness in
the epigastric and left upper quadrant regions, whereas epigastric muscle spasm
and ngidity are not particularly pathognomonic of acute intestinal obstruction
The vomiting of fecal material is also suggestive of a ligh intestinal obstruction.
In acute mtestinal obstruction the physieal examination should reveal the pres-
ence of visible penstalsis on the abdommal wall, coincident with the onsct of a
crampy pain and accompamed by audible sounds Auscultation of the abdomen
should also be helpful in makmg the correct diagnoss of either mechanical or
paralytic obstruction In the case of mechanical bowel obstruction the peristaltic
note 1s usually high pitched and 1s distinguished by evidence of a metallie sound,
the presence of perstaltic rushes, and frequently the presence of succussion
splashes denoting a dilated loop of bowel Ou the other hand the paralytic fleus
of acute pancreatitis 15 confined to the upper abdomen and is charactenized by
epigastric distention and hypo-active perstalsis in that region. The diagnosis
of acute intestinal obstruction 1s arded by roentgenography If the obstruction
be mechanical m nature, flat and upnight abdommal films should demonstrate
the presence of multiple flnd levels m the small bowel which are diagnostic
of obstruction 1 the small intestine. An appaient cause of mtestinal obstruction,
such as the presence of a hernia, an abdominal scar from a previous operation,
o1 an abdomnal mass, may aid 1 the differential diagnosis.

ACUTL. APPENDICITIS

In most instances acute appendicitis should not particularly be a problem in
the differential diagnosis of acute pancieatitis, In cases of acute appendicitis m
which the appendix may be posteecal mn position, and also very long so that
the body and tip aie not too far removed from the gallbladder region, acute
mflammatory disease of the appendix may simulate the early stages of acute
pancreatits The pam 1s confined more to the right upper quaciant and the
right side than to the epigastric and left upper quadrant regions. Usually nausea
and vomutmg are not so severc as m acute pancreatirs Prostration as m acute
pancreatitis 1s not particularly a sign of acute appendicitis

Acute DiFruse GENERALIZED PLRITONITIS

Acute generalized pentonitis from any cause whatever can be difficult to dif-
ferentiate from acute pancreatiis Usually, however, the history of an associated
tllness or abdommal lesion will help to make the correct diagnosis Moreover,
the onset of acute pancreatitis 1s usually more abrupt than that seen in general-
1zed pentonitts The presence of muscle spasm and tenderness over the entire
abdomnal wall 1s more suggestive of a generahzed process than that usually seen
n acute pany 1tis, Diffuse d iated with a paralytic ilcus presents
a plchlre charactenistic of geneialized perntomtis

Acvutrt MESCNTERIG THROMBOSIS

Acute mesenteric thrombosis 1s probably more common than supposed. This
disease usually comes on later m Iife and 1s not unlike the picture of acute mtes-
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Cecil and Levine have stressed most of these points about the clinical manifesta-
tions of dissccting aneurysms of the upper abdominal aorta.

Taneric Cusis

The gastric crisis of tabes dorsalis may resemble some types of acute pancrea-
titis. Extreme abdominal pain, nausea and vomiting and mild degree of shock
may simulate closely the picture of acute pancreatitis until one examines the
patient more thoroughly. A complete examination of the patient will usually
differentiate these two conditions. A history of syphilis and the fnding of fived
pupils or those which react sluggishly to hight, referred to as Argyll-Robertson
pupil, are usually present. Morcover, a neurologic examination would demon-
strate the flexor plantar reflexes to be absent. The abdommal rigidity usually seen
in acute pancreatitis is not present in the gastric crisis of tabes dorsalis. Although
the differential diagnesis should be clear, the busy surgeon may fail to make
these differential tests, and frequently patients with tabes dorsalis undergo
unnecessary surgical exploration.

We have discussed the differential diagnosis of the common medical and surgi-
cal conditions which simulate acute pancreatitis. There are other conditions
which may produce symptoms not unlike acute p itis. Hemoperi
resulting from a tubal abortion or from a ruptured graafian follicle, may spread
rapidly throughout the cavity and cause severe abdominal pain associated with
muscle spasm and rigidity. Nausea and vomiting are not characteristic of this
condition. In some patients with angina pectons the symptoms of pain and muscle
spasm are referred to the epigastric region, Pulmonary embolus and pulmonary
infarction which occur 1n the lower lobe of the left lung, involving the diaphrag-
matic pleura, may imtiate upper abdominal pain. During the period immediately
after onset of these conditions, the correct diagnosis may be extremely difficult,
There are other condttions which may, under certam circumstances, be confused
with the diagnosts of acute pancreatitis, Some of them are, diaphragmatic hernia
with mearceration, the early development of herpes zoster on the left side, acute
arthritis of the thoracic spine, traumatic rupture of the aorta, and, rarely, the
enisis d with ad: g h h tosi ’

DIAGNOSIS

From a chinical point of view the diagnosis of acute pancreatitis 1s most dufficult.
Almost all authonties agree that prior to the use of clinical labor: ,
both the urime and the blood, the diagnosis either was not made,
tive, or was proved by surgical exploration aof the .

2 penitoneal cavity, The )
method of diagnosis has not infrequently Jed to serious consequer}xccs andn::rexr
doubtedly has increased the mortality rate m this condition )

During the first 24 hours of an attack of acute
depends largely on obtaming an elevated v:
it ayra ot ot g . ed Talue for serum amylase, in conjunction

b p cute upper abdominal emergency. Other similar diseases,
such as perforated peptic ulcer and acute cholecystibs, must be excluded e\'en’

atory tests on
was presump-

Pancreatitis a proper diagnusis
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will direct attention to the thorax and cardiae region Some American clinics
have electrocardiography available in the admtting rooms of the hospital, so
that this diagnostic measure need not be delayed. Under such conditions it 1s
usually possible to differentiate acute coronary heart disease fiom acute pan-
creatitis.

PNEUMONIA

Pneumenia, particularly, of the diaphragmatic type, may on occasions be dif-
ferentiated from acute pancreatins with extreme difficulty. Under such circum-
stances pneumoma usually has a fairly rapid onset with pain in the chest, cough,
cyanosis, dyspnea and usually the development of fever and leukocytosis. Under
most circumstances the iespiratory and pulse rates are increased and there
usually is evidence of labored respiration with movement of the alae nasi In
some types of pneumonia, at least in the early stages, riles may not be heard
over the lung fields, so that with the referred discomfort to the upper abdomen
the differential diagnosis may be difficult. For these reasons a thorough examina-
tion of the lung field must be done by the surgeon to eliminate the presence of
preumonia Usually the history and physical findings are sufficient to guard one
against makmg such an ciror The abdominal symptc logy of
corresponds to the degree of daphragmatic pleurisy present. Roentgenograms
of the chest will not always lelp to differentiate these two conditions

DissecTING ANEURYSM OF THE AORTA

Although it is said to be nfrequent, dissecting ancurysm of the aorta is being
more frequently recognized as a diagnostic problem In the presence of hyper-
tension, dissecting aneurysms of the norta supposedly develop at the point where
the 1ntima of the vessel may rupture. When this occus, blood usually extravasates
between the coats of the large vessel, and a dissecting aneurysm is formed, \Vhen
this occurrence takes place in the thoracie region, there is usually agonizing
pamn an the chest, but when it occurs 1 the first portion of the abdominal aorta,
pain may develop to a severe degree mn the upper abdomen Charactenstically
there 1s excrncating pain m the upper abdomen and 2 state of shock, similar
to the clinical manifestation of acute pancreatitis, Nevertheless, certain observa-
tions should help make a clinical diagnosis Usually n a dissecting aneurysm of
the abdominal aorta the blood pressure will remain elevated. A helpful sign in
the diagnosis of a dissecting aneurysm of the abdominal aorta is arterial obstruc-
tion particularly i the branches of the aorta supplyng the kidneys and the lower
extremities ¥f the aneurysm 1s progressive in nature, the femoral pulsations in
the mguinal regions may be mpaired, and the blood pressure in the legs may be
reduced to a figure equal to or lower than that m the arms. The absence of
electrocardiographic changes is helpful m differentiating this conditton from
coronary occlusion, The excruciating, boring, abdommal pam charactenistic of
abdommal aneurysms 1s usually due to erosion of the bodies of the lnmbar
vertebrac If the ancurysm rupturcs into the peritoneal cavity with associated
marked abdommal ngidity, shock and death follow. Because syphilis 15 usually
the major cause of aneurysms of the upper abd I aorta, the physician should
carefully examme the patient for' signs leading to the chinical diagnosis of syphihs
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glycemia is frequently seen and may persist, In the milder forms of pancreatitis
hyperglyeemia may be transitory, In cither cvent, glucose tolerance tests should
be resenved for study after the acute stage of the diseasc.

In severe cases the blood nonprotemn nitrogen may be clevated. The serum
Dbilirubin may also show shght elevation. The white blood count may range
from 15,000 to 25,000 with a predominant number of polymorphonuclear cells,
Edmondson and Berne have stressed the decreased blood calcium level in acute
pancreatitis, occasionally to the point of producing tetany, and this finding may be
helpful n determining the degree of fat necrosis.

The blood serum lipase level may be determined. Smce 24 hours is required
to complete this test it has little practical value in establishing an early diagnosis
of pancreatits.

Unixc

Glycosuria, the counterpart of hyperglycemia, is seen in less than 20 per cent
of cases with acute pancreatitis When present, it serves as a guide in the manage-
ment of a temporary or permanent latent dibetic state. In those cases of
pancreatitis presenting clinical jaundice, bilirubin and urobilinogen may be
found in the urme. Albuminuria is not infrequent Urinary amylase may be
mcereased, but is dependent on kidney function, hence blood amylase is a more
reliable test

In any patient with severe upper abdominal pain unexplained by routine
methods of lustory and physical esamination, the diagnosis of pancreatitis
should always be entertained The essential clinical blood and urme tests are
obtained at the same time as routine blood count aund urmalysis, The most
important single laboratory finding in acute pancreatitis is the elevated blood
amylase. The possibility of acute intestinal obstruction or of perforated peptic
ulcer may be excluded by roentgenography. Acute vascular accidents, particularly
coronary heart disease, may be diagnosed by electroc:\rdlography.

Crinicar FEATURES OF CHRONIC PANCREATITIS

In general, chronic pancreatitis has not been considered as a distinct patho-
logic entity, but has usually been regarded in conjunction with chronic c‘hole-
cystitis, obstructive jaundice due to a stone in the common bile duct, or car-
cinoma of the ampulla of Vater or of the head of the pancreas. Recently, E]omfo‘rk

» s

Ga\inb(illl, and ?a%gelés;oss have emphasized chronic pancreatitis unassociated
with disease of the biliary or gastro-intestinal tract as chroni
creatits. wonic relapsing. pan-

Chronic pancreatitis may be defined as a disease entity characterized b
recurrent attacks of pain m the upper abdomen, by disturbance of e h Y
matous cell function, and by rather specific sequelae, a syndrom, }})l:.lrle]nc y-
beihmxted to the pancreas alone or may be associ;ted with dles whic fm:|y
biliary or gastro-intestinal tract. Attention has been devoted to th, ease of th.e
findings of marked interstitial fibrosis and residual cystic nec © Pﬂthologxc
characteristic of chronic pancreatitis, The term hy d"’PﬂnEreatg:‘i)S;s of tissue as
elsewhere by one of us (V.ES.) to denote the condition in fvh?:hbf}f: 259‘:

uc
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m the presence of an clevated serum amylase before acute pancreatitis can be
considered as a sole diagnosis

After the first day of severe illness abdominal fluid may be suspected. If on
diagnostic aspiration the fluid is brownish-black (“prune juice”) or bloody, this
finding ponts strongly to acute pancreatitis with hemorrhage and necrosis. When
tested for amylolytic activity 1n a manner similar to that used for blood, the
pentoneal flnd usually contams amylase. If the physician finds a tender, fixed
epigastric mass with radiologic evidence of antenior displacement of the stomach
and an elevated left diaphragm in an acute abdominal illness of several days’
duration, he can reasonably assume that acute pancreatitis has caused an inflam-
matory effusion m the lesser peritoncal cavity, and can check that assumption
with laboratory tests

At operation the diagnosis of acute pancieatitis can usually be made without
difficulty from one or more of the following findings: (1) fat necroses about the
pancreas or on the mesenteries and omentum; (2) watery brown ewudate or
frank blood 1n the major peritoneal cavity, (8) hemorrhage in or about the
pancreas, (4) hard swellmg of pancreas, especially in the region of the head of
the gland, (5) collection of brownish flurd m the lesser pertoneal cavity, (6)
pancreatic pscudocyst.

The various laboratory findings of greatest value in establishing the diagnosis
of acute pancreatitis should be discussed in some detail.

Broop
Elevated blood serum amylase and lipase levels are the most significant findmgs
in acute pancreatitss. This ncrease may be found in the early course of the
disease, and may soon retwin to a normal range, regardless of the pathologic
state of the pancreas Rather, after several days illness, the serum amylase level
may show no mcrease 1n value, a most important pont. An elevated blood serum
lase level ind pancreatitis, whereas e normal range cannot always rule
out this diagnosts. Although Popper demonstrated that the elevation of the
serum amylase and hpase 1s due to absorption of these pancreatic enzymes into
the general circulation via the portal vem and the thoracie duct, the esact
mechanism of their liberation from the functional unit of the panereatic cells 1s
not known The fact that these are rapidly eli 1 from the blood
stream would infer that a state of balance between absorption mnto the blood and
elimmation from 1t must exist for a variable period in acute pancreatitis, The
enzyme levels may drop precipitously when the pancreas has been scriously
damaged with interruption of their production. The serum amylase level is
usually hagher m the milder forms of pancreatitis and lower in those cases with
extensive discase. In the majonity of cases the serum amylase test affords an
accurate, raprd method of making a correct diagnosis, however, obstruction of
the ampullary region of the common bile duct, acute parotitis, and peptic ulcer
penetrating 1nto the pancreas are three conditions which may eause the blood
amylase level to rise In the presence of pancreatic pseudocysts, the enzyme tests
may be normal.
The fasting blood sugar level may be elevated in some cases. When the pan-
creas is extenswvely involved, as in hemorrhagic pancreatitis with necrosis, hyper-
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represents a sequela of this discase. Many observers (Comfort ¢t al) believe
the caleifications are the result rather than the cause of the disease.

The sequckic which follow chrouic pancreatitis are many and variable.
There may be temporary disturhance of the acinar eells as shown by the blood
amylase and lipase test and of the islet cclls as demonstrated by transient
diabetes. On the other hand, there may be permanent damage to hoth of these
fanctional cellnlar groups which accounts for the marked intestmal disturbances
and diabetes melfitns” found in long standmg chronic pancreatitis. Other
sequelae include  compression of the duadenuw’ by aun enfarged  pancreas,
compression of the common bile duct giving a pictnre of obstructive jaundice,
and rarely splenomegaly due to pressure on the splenie vein, In some instances
there may be direct spread of inflammation from the pancieas to surrounding
argans as the stomach, duodenum, liver, and small intestme. Eaen the peritonenm
may be imohed as is seen m perigastroduodenitis.

TREATMENT

The practical application of basic physiologic and biochemical principles to
the management of pancreatitis has changed the methods of therapy during
recent years, The treatment of acute and chronie pancreatitis as well as manage-

ment of the tications and sequelae will be d i

Acute Pascnuatos

Until recently acute pancreatitis was considered o sargical emergency, and
either multiple meisions into the panereas with drainage or drainage of some
partion of the extrahepatic bliary tract (cholecystostomy or choledochiostomy )
were performed, On rare occasions surgeons have advoeated drainage of bath
the pancreas and estrahepatic bily tiact, Many observers helieved that
surgieal treatment of acute pancreatitis was unjustified and gradually a more
conservative approach has evohved. This change of attitude was not abrapt,
and there are stll a few who advise smgical mtervention, In genersd, sur igxi
drainage of the pancreas or of the bile ducts durmg the acute st:\ée ofgﬂ;c
disease has carried a mortality 1ate of about 50 per cent, whereas conservative
attitude m the management of pancieatitis has 1educed the mortality, ’

Since the serum amvylase test wsually confirms the correct dingnos‘i; failtre to
dmgnosc‘cmergl-umcs requiring surgery 1s less apt to oceur, zmd’ therefare
f:’):s(-nnhto)thorapy 1$ not a da}lgcfcus pragram, Currently, conservative

asures are advocated untd complications which 1cquire surgic:

al intervention,
ach as pancreatic pses -abdomi
such as pancreatic pseudocyst, atra 1 abscess, or coll of p.m:

creatic fud anse Assocated regional gastro-testinal or biliar, tract le;
be treated after the patient has recovered from the acute p:\nc);eq;ic Lf“:(]]s o
meo;u'muco or Consereative Thcmpy Because 1o climeal methad ?pts" ?
to dl“(‘rcl}hdl\‘ acute cdamatous pancrentitis fram acute hemonthagi Y “'h-h:
the c‘lnucmn wust practice conservatise measutes on each M‘A o Pﬂﬂc.re.\mn,
haspital. A penod of close observation should indicate l(l R eneral ping the
ate the general behavior of

the discase, and usually withi
ase, & ally within four to six day i
el i ays the chuical course becomes Fairly
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system 1s dilated above a pomt of obstruction with extensive atroply of the
parenchyma.

Incidence and Exciting Factors. Chrome pancreatitis may begin in childhood
or late 1 Iife, but usually starts most frequently in the third or fourth decade.
1t occurs more often among males than among females, the ratio being about
6.1 (Comfort, Gambill, and Baggenstoss), Dretary indiscretions and aleohol
appear to initiate the acute attacks. Size, weight, and obesity aic probably not
preciputating factors. Bustos (1945) stressed the possibility of focal and systemic
infection as a likely cause of chronic pancreatitis, however, Comfort et al
(1946) minimized infection as an etiologic hypothesis,

Symptoms and Physical Findings. Although there are no pathognomonic
symptoms and signs of chrome pancreatitis the collective findings of pancreatic
pain, dyspepsia, steatorrhea, diabetes, and lly a mass palpated in the
epigastric region should direct attention toward this organ.

The pamn m chronic pancreatitis usually starts abruptly, but is not always
severe It has been described as constant and burning, and usually, though not
always, 15 provoked by food and alcohol, 1n contrast to the pain of chronic
peptic ulcer, which usually is alleviated momentarily by the ingestion of food.
The serzures of pain i chrome pancreatitis may continue over various periods
of time, from a few days to as long as 10 to 20 years. The pain, usually steady,
1s frequently located n the epigastrium, although it is not uncommon in either
of the upper abdommnal quadrants. As i acute pancreatitis, pam in chronic
pancreatitis may radiate transversely across the epigastric region, through to the
back, or occasionally to the left costal angle.

The physical findings vary with the stage of the attack, which 1n many instances
1s so mild that there are no sigmificant signs Fever and leukocytosis, and in
some cases even shock, are found Usually there is some degree of muscle
spasm 1 the upper abdomen In a very thin patient with long-standing chrome
pancreatitis an enlarged or acystic pancreas may be palpated as an indefimte
mass, Jaundice occurs in almost half of the cases with chromic pancreatitis

Laborafory Features Transient or persistent glycosuria represents a form of
diab melhtus. Alt 12 1s not uncommon

Blood studies frequently show an anemia, and blood volume may fall below
a normal level, Leukocytosis 1s a variable and an unmnportant diagnostic
feature. The presence of an elevated blood sugar and a diabetic type of glucose
tolerance curve is extremely helpful from both a diagnostic and therapeutic
pomnt of view. The serum bilirubin determination may reveal subclmucal or
clinical jaundice The blood serum amylase test may or may not be elevated,
and this test 1s not nearly so valuable as 1 acute pancreatitis Hypocalcemia
noted i acute pancreatitis is not present n chronie pancreatitis,

Examination of the stool 1s important, and the clinical picture of steatorrhea
should warrant thorough inv eshgahon Stools may vary fmm ]arge bu]ky, \vhlush,
fatty ones to those of normal M
(amylorrhea), proteins (azotorrhea) and fats (stealorrheq) may De found.

Roentgenologic studies of the gallbladder, stomach, duodenum, small intestine,
and colon may demonstrate associated pathologic conditions. A roentgenogram
of the pancreas will in about 50 per cent of cases reveal calcification which
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therapy remains a problem. These cases always suggest the likelihood of
necrotie pancreatitis, Of the two therapeutic attitudes, one group believes
that the pancreas, if necrotic, tends to perforate into the lesser peritoneal cavity;
hence, this anatomic location should be drained early through the foramen
of Winslow or by a retroperitoncal approach. The sccond group argues that
operative interference cannot be tolerated by such patients and that surgical
exploration only increases the mortality rate.

Some observers state that cholecystectomy may reduce biliary pressure.
Other groups argue that choleeystectomy should be done primarily, after which
choledochotomy associated with prolonged drainage of the common bile duct
(choledochostomy) is indicated (Mayo; Archibald; Judd).

According to recent opinion, operations upon the neighboring gastro-mtestinal
and extrahepatic biliary tracts in the presence of acute pancreatitis are madyis-
able. Those holding this opinion prefer to wait for the pancreatic process to
subside and, assured of this, to evaluate the status of the gallbladder, liver,
stomach, and duodenum for the presence of such conditions as cholecystitis,
cholehithiasis, choledocholithiasis, and penetrating peptic ulcer, which should
then be corrected by surgical methods.

From this discussion it is apparent that definite rules regarding therapy
cannot and should not be made. A logical approach to this problem may be
found 1n the integration of the tustory, physical and laboratory findings, response
to therapy, and clmical course of the individual patient. Careful observation of
the patient will determine the best therapeutic course.

Chemotherapy. As yet no analytical figures are available which indicate the
effect of modern chemotherapy upon pancreatitis. For the prevention of suppura-
tive disease of this organ we beliese chemotherapy should be used in the treat-
ment of acute pancreatutis.

Penicillin may be given at the rate of 300,000 units daily. The method and
site of administration may be decided by the individual clinictan Streptomycin
gwven ntramuscularly at the rate of 05 gm twice daily may be administered
Sulfa derivatives may be given intravenously in doses of 25 to 5 gm., but Shoulci
not be given by mouth Although m a majority of cases with acute pancreatitis
bactenal cultures of t}fe diseased tissue cannot be obtained, the condition 1s
so senous that admunistration of
and 1s justified.

Sphincterotomy Cholangiograms obtained at operation 4
be used advantageously to demonstrate common duct obs
sphincter of Oddi, and the commion channel into the
When cholangiograms demonstrate spasm or obstruct
Oddr associated with 2 reflux of radiopaque material i
section of the sphincter has been advised (Colp
work should be done in this field before we car;

chemotherapentic agents remains practical

choledochotomy) may
truction, spasm of the
pancreatic duct system
ion of the sphincter of
nto the pancreatic duct,
Doubilet, Mulholland). More
draw final conclusions,
Crirontc PANCREATITIS

The treatment of chronic
or surgical measures.

Conscreative Treatment. This th
controlling pain, gastntis, and dys

relapsi iti i
(relapsing) pancreatitis may involve conservative

erapy is purely palliative, and consists of
Pepsia, and correcting pancreatic insufficiency
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have lowered the over-all mortality of acute pancreatitis, but the figures remain
discouragingly high. Paston and Payne (1948) reported a mortality of 33 per
cent in 307 patients. The current mortality in acute edematous pancreatitis,
diagnosed mainly on clinical grounds, probably averages about 15 per cent,
while the mortality in hemorrhagic and necrotic pancreatitis remains above
60 per cent.

In an attempt to evaluate the effect of operative treatment on mortality
figures, Mortan (1940, 1915) has compiled the results following carly and late
operation in acute pancreatitis, In 911 cases submitting to carly operation, the
mortality was 49 per cent. In a smaller group of 161 cases submitted to delayed
operation there was a mortality rate of 18 per cent. In 41 cases of edematous
pancreatitis treated by operation, the mortahty was 27 per cent, while of 29
such cases treated without operation, not one patient died.

These figures indicate the scriousness of acute hemorrhagic pancreatitis as
well as the high mortality rate when operations are performed early. Within the
near future the results of conservatve therapy will be better evaluated, as will
the role of chemotherapy in lowering the death rate from this disease.

PROGNOSIS

The prognosis of acute pancreatitis can be considered grave Any patient
surviving the initial attack cannot be assured that future episodes will not
occur. Recurrent attacks are observed in 7 to 30 per cent of cases of acute
pancreatihs In pancreatic abscess or cyst formation a persistent pancreatico-
cutaneous fistula may occur. The islands of Langerhans may be so extensively
damaged that diabetes occurs i about 11 per cent of the cases. Some patients
suffer pancreatic asthema (Whipple, 1924) and die within a few weeks of the
onset of acute pancreatitis. Liver disease, particularly fatty degeneration, may
be a sequel to this syndrome. .

Acute pancreatitis may be the precursor of chronic relapsing pancreatitis,
of which the prognosis is poor. Chronic disability and mvalidism from the
severe persistent pain of this disease are the chief concern. Rehabilitation of
these patients offers a challenge to the medical profession.
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Pain in chronic pancreatitis is best relieved by demerol. because it does not
stimulate the vagus nerve and has fewer addicting properties. Nitrogh cerin and
ephedrine may relieve distress. but are not always successful. During acute
exacerbations treatment consists of the same therapeutic measures outlined under
the treatment of acute pancreatitis. Since alcohol and rich, fatty foods mav initiate
attacks these two factors should be controlled. Alcohol should be completely
restricted and the diet should consist of bland foods Jow in fat content.

Several sequelae of chromc pancreatitis may warrant medical attention.
Diarrhea may be adequateh controlled by low fat diet containing 50 gm. or
less of fat each day. Pancreatin. 2 to 10 gm. three times daily (enteric-coated
tablets) may control diarrhea. Hypoproteinemia and malnutrition can be cor-
rected by high protein diet. high caloric intake. and administration of pan-
creatin Diabetes should be treated by diet and insulin. Marked hemorrhage
from the gastro-intestmal tract may require blood transfusions; nutritiona) anemia
may be controlled by diet regulation and iron therapy.

Surgical Treatment. There are several indications for surgical intenention in
chmmc pancreatitis. Chronic duodenal obstruction must be corrected by duo-
denoj v or Oceasionally, partial par tomy
may be reqmred to correct the obstructmn Chronic obstruchon of the common
ile duct requires correction by either choledochoduodencstomy, cholecyste-
gastrostomy. or by choledochc;e]unostom) with the Rous-Y method. Pancreatic
abscess. smgle or multiple. requires external drainage. Pancreatic cvsts should
be dramed. either by marsupialization to the exterior or by internal dminage
into the stomach. duodenum. or jejunum. Gastric hemorrhage may require
subtotal gastrectomy Pancreatic abscess ansing from a penetrating peptic ulcer
may require subtotal gastric resection combined with partial pancreatectomy.
Single pancreatic calculus obstructing the duct of Wirsung near the duodenum
is rare but can be corrected by pancreatolithotomy. Multiple pancreatic calculi
are common and. if they produce chronic disabilty with severe pain and dvs-
pepsia. partial and even total pancreatectomy may be required ( Clagett. Nuzum.
Whipple. Zinnmger. Child. Leopard. and Orr). If the symptom of pain is not
relieved by these procedures either thoracolumbar sympathectomy or vagotomy
or both may be indicated.

MogrTaLmy

Prior to the widespread use of the serum amylase test when many cases of
acute edematous pancreatitis were not recognized. the over-all mortality in acute
pancreatitis was considered to be more than 50 per cent The mortality in
edematous pancreatits. diagnosed at operation or necropsy, was about 30 per
cent. whereas hemorrhagic and necrotic pancreatitis was 60 to 70 per cent
fatal. Before the introduction of antiobiotic drugs 30 per cent of cases with
suppurative pancreatits died Mortality Sgures should differentiate among the
pathologic types of the disease to be completely significant. Recent clinical
reports have mcluded under the category of acute edematous pancreatitis many
cases which are presumptively diagnosed on the basis of an clevated serum
or urinary amlyase in conjunchon with a consistent clinical picture and which
are not subjected to operation or necropsy. These broader diagnostic criteria
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Carcinoma of the Endometrium
LANGDON PARSONS, MJD.

INTRODUCTION

Derixrrion

ecaust of the anatomic divisions of the uterine cavity, it has become common
B practice to call carcinoma arising in the endometrial cavity by such descriptive
terms as carcinoma of the body or of the fundus of the uterus They are used
Y ly with carci of the end rium. The mucous membrane
lining the uterine cavity is composed of simple columnar epithelium which
contains many glands. Carcinoma arising from this histologic bachground is
almost invariably an adenocarcinoma. Because cancer arising within the confines
of the uterine cavity is restricted in its spread by the normally thick muscle walls
of the uterus a more hopeful prognosis may be offered than for carcinoma
arismg 1 the cervical portion Carcinoma of the endometrium has neither the
lethal growth potentialities not the rapid progression of cancer of the cervix.

INCIDENCE

Though carcinoma of the fundus occurs far less frequently than cancer of
the cerviy, it makes 1ts appearance sufficiently often to be regarded with more
respect than it is frequently accorded. The Burcau of Census statistics for 1942
records 16,393 deaths from cancer of the uterus. Of these, cancer of the
endometrium is responsible for 20 per cent or over 3,000 deaths in one year,

The disease is pnmanly one of the postclimacteric period but may occur
doring the reproductive era. Randall found, for example, that, excluding
menorrhagia from such pathologic entities as fibroids, erosion of the cervix,
or polyp, 91 per cent of women bleeding from a normal sized uterus will have
carcmoma of the endometrium on curettage. When these factors are included
the incidence drops to 2.3 per cent. After the menopause 4 out of every 10
women who consult their physictan because of the reappearance of blef;ding
after one or more yeais of amenorrhea will have endometrial carcinoma. Not
all bleeding after the menopause is secondary to carcinoma of the endometrium,
but enough of it is, and its mmport is serious enough to regard bleeding in the
postmenopausal age group as due to carcmoma of the endometrium until
proved otherwise. It would be well to remember that cancer of the cervix
may a]s.o occur in fhls age group. The frequency of carcmoma of the cervix
lfn relation to the incidence of cancer of the endometrium varies in Teports

rom the Literature Mahle placed the ratio at 1 24, Masson 1:3, Taylor 1:34
ffglth “1:45, Meigs 15, Novak 1:8, Pack 1:82, Scheffey 1:10.)8. I{ rati(; o{:

:5 will be somewhere near the average ratio. It is obvious then that, thcugh
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Ace Incibiace

While carcinoma of the endometrium occurs for the most part in the post-
climacteric period 1t may appear as carly as the “teens.” Taussig, commenting
on Novaks and Yui's reported cases, gives unmistakable evidence in 2 cases
that the carly manifestations of carcinoma may closely follow the menarche.
In both instances excessive bleeding required curettage at 13 and 15 years.
Hyperplasia that could bear watching was noted in one. The other responded
to progestin therapy. Within two years excessive bleeding again recurred
and was relieved by curettage for another two-year period. The diagnosis of
carcinoma was finally made in both instances six ycars after the initial episode
of excessive bleeding.

The majority of cases reported in the literature will show an occasional case
below the age of 30, with perhaps 5 to 8 per cent of the total appearing between
30 and 40. Norris and Dunne record the age incidence in 286 cases as follows:

Per cent
20 to 29 years 1.5
30 to 89 years .. 87
40 to 49 years . 183
50 to 59 years . 463
60 to 69 years . 213
70 to 79 years 59

Approximately 20 to 25 per cent of the total cases of cancer of the endometrium
appear during the reproductive period or below the age of 50, Smith found 84
per cent of 307 consecutive cases after the age of 50, while 44 per cent were
over 60 Masson places the figure at 75 per cent, while Scheffey declares for
79 per cent The average age is probably close to the figure of 56 years noted
by Scheffey. :

The menopause is charactenstically delayed in patients with cancer of the
endometrium. Moss found moreover that patients who developed intra-uterine
cancer had a more prolonged menstrual life than the women without it. Not
only was the menopause delayed but the menarche appeared on an average
of two years earlier. It is thus possible to postulate on the one hand that
perhaps there 1s a basic difference in the type of uterus that will develo,
carcinoma, and, on the other, that the delayed menopause permits this sorPt

of an organ to be stmulated by whatever the carcinogenic agent may be
for a Jonger period of time. Y

ETIOLOGY
Curoxic InnrraTion

In the past chronic irritation was the popular etwologic theory in the devel
ment of cancer within the uterine cavity. Carcinoma of theandometriu A
mfreql.xcnlly is found in the atrophic uterus n association with a ome[tn'nm
Chronic “ titis could, th , always be observed \vhergyccm "umf
the endometrium was present, It 1s probable that this theory was basedce(:noa
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the peak age incidence for carcinoma of the cervix 1s lower than that for car-
cinoma of the endometrrum, the difference in the frequency of 1ts appearance
1s such that 1t too must be ruled out as a cause of bleeding in the | 16
period. It would be well to have our minds focused on thc possibility of uterine
cancer as an explanation of bleeding at this time. Inasmuch as 25 per cent of
women with cancer of the endometrium have the disease before the menopause,
any bleeding n a woman beyond the age of 40 should be considered as due
possibly to cancer of the uterus.

Ecoxoac Status

In this regard it is mteresting also to make a comparison with cancer of the
cervix While cervical neoplasm is most frequently encountered m the clinic,
carcinoma of the fundus s commonly found in women seen m private practice.
There are many speculations as to why this may be so The patient with cancer
of the cervix, being mn the poorer economic status, may receive poorer obstetrical
care both at the time of delivery and o the postpartum period These women
are inclmed to marry early and have repeated pregnancies There is a possibility
that deficiencies 1 both diet and hygiene may play an etiologic role mn imcreasing
the ncidence of carcinoma of the cervix Certamly the patients with carcinoma
of the fundus are exposed to better nutrition and hygiene.

Race

Again m contrasting carcinoma of the cervix to that of the endometrium,
different racial tendencies are apparent. Negio women, subject to many of the
vicissitudes of patients in the lowered mmcome groups, may have carcinoma
of the cervix mn as high an mcidence as 10 per cent. Fibroids are commonly
observed among them in a Igher percentage than one encounters for the
rest of the population Fibrowds are hkewise thought to be secondary to over-
stimulation by estrin The same factois are advanced as an etiologic explanation
for carcinoma of the end trium, yet the dence of cancer of the fundus
among Negroes 1s about 3 per cent

The converse is true m the Jewish population- carcinoma of the ceniv is
almost unknown among Jewish women The incidence of carcmoma of the
endometrium, however, 1s higher among Jewish women than gentiles Scheffey
found that 55 per cent of 127 cases of cancer of the endometrium were among
Jewish women. There is thus some unknown factor in the Jewsh constitution or
manner of hfe which protects the woman from cancer of the cerviv wlile
increasing the likelihood of their developing cancer of the endometrium.

MARITAL STATUS

The percentage of nulliparous women among patients with cancer of the
cervix is about 10 per cent m contrast to the 28 to 85 per cent found for those
with neoplasm of the endometrium This contrast may have something to do
with the fact that carcinoma of the endometrium has a tendency to develop in
the unused or nonphysiologic uterus. Unfortunately rcpeated pregnancies,
which may contribute to the etiology of cancer of the cervix, do not appear
to protect a woman from developing cancer of the endometrium.
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in the transition of hyperplasia to carcinoma only if a proper substrate exists.
These paticnts have abnormal bleeding at the time of the climacteric about
three times as frequently as the evpected incidence. Many of them have had
previous curcttage for the correction of irregular bleeding tendencies preceding
the menopause, Taylor says this incidence is as high as 19 per cent. The number
of instances of carcinoma developing in the nulliparous uterus provides addi-
tional confirmatory evidence that we are dealing with a substrate which, if
sufficiently stimulated over a long cnough period of time, might develop a
tendency to malignant transformation. The délayed menopause noted in this
group of women with a peak incidence coming between 50 to 55 years against
a normal of 48 years suggests that there is an endocrine factor at work, It could
be that the uterus is exposed over a longer period of time to estrogen stimulation

Functioning Ocarian Tumors. The repeated association in the literature of
hyperplasia, carcinoma of the 3 ium, and ioning tumors of the
ovary such as granulosal cell and tl 1l carcinoma, and also pseudomucinous
cystadenoma infers that there is a definite relation between estrogen stimulation,
the development of hyperplasia, and the development of carcinoma of the
fundus. These tumors not only sccrete estrogen but actually contain estrogen
mn measurable quantities as shown by the chemical analysis of Banner and
Dockerty on eight theca-cell tumors in comparison with a like number of normal
ovaries. The amount is appreciable, but smaller guantities may have a maximal
effect on the endometrium or breast for the action is unopposed by progesterone.
Thus there appears to be some evidence for the carcinogenic influence of the

-secretion from these tumors.

Other evidence of measurable quantities of estrogen recovered in the 24 hour
urme specimens of women with carcinoma of the fundus is offered by Herrell
In 80 per cent of the urine specimens from these patients better than 5 rat
units were recovered. Jones and Brewer feel that this is to be expected from
normal males or castrate females and cite Frank et al. as well as Dingamanse
et al. to prove their contention.

Experimental Evidence. Fxperimental evidence in animals concerning the
carcmogenic effect of estrogen has not been confirmatory as a general rule.
Cystic hyperplasia but not carcinoma appears m the rat, mouse, guinea pig,
rabbut, and monkey after administration of estrogen in large amounts over
long periods of time. Recently, however, Greene and Saston have produced
tumors in the endometrium of old rabbits, which apparently arose in the mucosa
and spread !:)y Jocal extension and metastases and were associated with
Like effects in the adrenal, thyroid, breast, and ovary Inasmuch as these could
be attamned only when old rabbits with a previous history of eclampsia were

e}?lploye;l;lthe resultant liver damage may have had something to do with
thewr mability to inactivate estrogen, thereby resulting in prolo
stimulation & Y & 1 prolonged unopposed

“Unopposed” Estrogen. Whenever estro
qualfying term “unopposed” is added, on the basis that corpora lutea
found 1n the ovary. Jones and Brewer find in th
premenopausal age active Q‘DXPO]‘:! lulea,
trum conforming to the proper date for

estrogen-

gen stimulation 15 mentioned, the
are mot
e ovary of the patients in the
with secretory changes mn the endome-
the cycle. This ability of the remaining
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misinterpretation of the pathologic differences between the endometnial response
secondary to wnfection and the normal endometrial reaction to hormonal stimuli.
Wilks, 1n discussing the possible role of chronic infection as a provocative agent
in the development of endometrial carcinoma, could find no evidence that
such violent chromic infections as postabortal or postpuerperal sepsis predisposed
to carcmoma of the fundus Meigs states that true chronic inflammatory changes
are actually rare in the body of the uterus The chromc irritation theory has
given way completely to the highly speculative theory as to the role played
by an overproduction of the ovarian hormone estrogen i relation to the
development of both hyperplasia and carcmoma.

Tue EstRoGEN THEORY

It 1s by no means established that estrogen whether unopposed or not is the
cause of hyperplasia, on the one hand, or that hyperplasia is a necessary
precursor to the development of malignancy of the fundus, on the other.

There appears to be considerable chnical evidence that estrogen does play
a major etologic role The frequent association of such associated pathology
as fibioids and polyps with endometnal carcinoma 1s noted. Ovarian tumors
such as the granulosal cell and thecal cell types are thought to secrete estrogen
and are found in increasmg frequency with carcinoma of the endometrium.
There is much suggestive evidence to be gathered from the clinical history
to indicate the relationship Clinical observations based on the results of hormone
therapy are interesting, on the other hand, animal expenimentation is lacking
and the actual source of the estrogen in the postmenopausal age group 1s in
doubt.

In view of the relative frequency of stimulation of the uterus by estrogen
either naturally or synthetically through the use of hormone therapy and the
relative ranty of carcmoma of the endometrium, 1t is obvious that the evidence
for hyperestrinism as the etiologic explanation 1s inconclusive unless we assume
the presence of a proper substrate sensitized to the activity of estrogen. The
following pages will consider m detarl, some of the evidence for the estrogen
theory

Associated Pathology The frequent association with fibroids and the ocea-
sional finding of carcmoma with uterine polyps suggest again that malignancy
may have ansen on the basis of a pre-existing hyperplasia of the endometrium
m a uterus subject to continuous overshmulation by estrogenic actwity. The
brologically sumlar nature of hyperplasia and carcinoma with 1ts tendency to
mvade has been noted by Taylor While no sigmificant etiologic relationship has
been attached to adenomyosis as an etwologic agent, nevertheless fibroids, pio-
Iferative endometrium, and adenomyosis coexist m a higher percentage in
patients with carcinoma of the fundus than m the normal woman Kaufmann,
et al. have reported carcnoma ansing in adenomyoma Wilhs attributes the
findings to the unphysiologic state of the uterus.

Clinical Evidence. Corscaden and Gusberg further observe that there is a
measurable difference in the physical appearance and menstrual history of the

women who develop carcinoma, giving added evidence to the observation of
Herrell that the unopposed action of estrogen on the endometrium may result
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bormone and thus nctivate the ovary to produce this cortial hyperphsm.
wauld appear from these proposals that even the source of estrogen stimulat
is subject to speculation. . )

Jones and Brewer doubt that estrogen stimulation, \mopposed‘nr o(he.rw
actually has anytlung to do with the development of anOmc.ln:ﬂ carcino:
1t seems unrcasonable to them that estrogen stimulation sufficient to prod
cancer should not activate the remaming portions of the endometrium to a grec
extent than they believe that it does, Novak, on the other hand, reports t
this stimulation of the endometrium actually does produce focal areas wn
it which stimulate carcinoma. Telinde is not in complete agreement. Thus do
1s thrown upon the entire theory for the role played by estrogen itsell
questioned.

Hormone Therapy. In addition to the endogenous estrogen sa much estro
is being used as replacement therapy that it is well to consider this sou
Most nvestigators believe that the amount ingested is not sufficient in quan
to be carcinogenic. In view of the experimental evidence indicating that i
perhaps the continuity rather than the size of the dosage that is the impor
tactor n the development of carcinoma, it is now common clinical practice
interrupt the therapy for one week out of the month. But it may neverthe
be possible to take small dosages over too long a period. Haagensen has rece
seen 7 cases of carcinoma in the male breast following estrogen therapy
carcinoma of the prostrate. Inasmuch as carcinoma of the male breast is a 1
tively uncommon occurrence, these observations are significant.

In view of the conflicting observations from competent students of
problem, it is obvious that while the estrogen theory has more to recommer
than the chronic writation theory, defimite proof 15 lacking that estroge
the carcinogenic agent in the development of intra-uterine cancer.

Tue Rore oF HyPERPLASIA

The same inconclustve evidence is present when one considers hyperp!
as an essential precursor of endometrial carcinoma. Not all pathologists ar
agreement as to what hyperplasia really is Some will admit that the endomet
of carcinoma of the fundus is stimulated, but will deny that it is true hyperpl
The cltnical evidence is again the strongest link in the chain of evidence.
two conditions are known to coexist and occur naturally in the presence of f
tioning ovarian Yumors. Again the clinical history is of utmost importance
the assumption of the existence of proper substrate is essential if the theor
estrogen in relation to hyperplasia is to appear logical There appears to be
doubt that the relationship is a definitc one, though all the evidence is not
per cent confimatory or complete, The following pages will present the evid
for and against hyperplasia, meluding its bearing on such pathology as fin
and uterine polyps which are so closely associated with hyperplasiaband endh
trial carcinoma,

General Considerations. One reason for the considerable difference of opi
as to the role played by hyperplasia in the development of carcinoma ([:f
endometrium may be attributed to the failure to consider h perplasia i
pendently of the factors which may produce it. Considerable \)',an'zg'on in
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portion of the endometrium, uninvolved in carcinoma, to respond in the normal
manner to the follicular hormone and to progesterone, they regard as cvidence
against hyperestrinism as a cause for carcinoma, Novak believes that hyperplasia
in the reproductive period has no relation to carcinoma, but perfectly typical
actively growmg hyperplasia is found in women far beyond the menopause.
This he believes 1s due to excessive estiogen stunulation and niay be precancerous
if a predisposition to the desclopment of malignancy exists

Estrogenic Sources The source of estrogen is in doubt in his mmd for he
regards the ovaries as semle and raises the suggestion of an extragenital source
of estiin such as the anterior pitwtary, It is true that previous castration by
surgery or radiation does not prevent the deselopment of carcinoma in the
retained uterus, Elton et al. record authentic cases It is interesting that all
have the stigmata of the unphysiologic uterus, Randall feels that these cases
should not be offered as evidence that adenocarcinoma can develop 1n 2 uterus
that has not been previously stimulated by estrogen, unless the vaginal mucous
membrane indicates by atrophy that estrogen stimulation has been absent for
a long period of time Castration in the young has been known to be followed
m months or years by resumption of the menstrual flow apparently due to extra-
gemtal production of estrogen. These facts would tend to confirm Novaks
supposition

Smith and Hertig have rccently advanced a new theory for the continued
production of estrogen oniginating i the ovary of the postmenopausal period.

Hertig, considermg the aging ovary m women past 50, finds rare evidence of
follicular activity, primordial or otherwise Yet there 1s a group of women who
have ovaries of women 10 years therr junior with much evidence of hyperplasia
of the stroma of the cortex of the ovary, even to the finding of granulomas
in the cortex, representing perhaps an abortive attempt on the part of the
ovarian stioma to continue some follicular-like activity in the absence of primor-
dial ova, Smith has noted this stromal activity as early as 45 years, but its greatest
incidence, 87 per cent of 180 postmenopausal women, occurred after the age
of 50. Where the most marked activity was observed, endometnal activity or
outnght malignancy was found In fact, stromal hyperplasia in the ovary proved
a most frequent finding m association with carcmoma in a ratio of better than
2.1 for the controls

While complete proof 15 lacking, endometrial proliferation may nghtly be
interpreted as indicating secretion of estrogen by the ovary, inasmuch as the
extragenttal sources, such as the adrenal cortex, do not excrete enough to produce
proliferation When the follicles in the ovary are exhausted, the ovarian stroma
remains as the only source of whatever estrogen is secreted, according to
Smith’s and Hertig's observations

Novak and Ywu postulated a theory that carcinoma itself might act as an
estrogen factor and be responsible for the frequent finding of hyperplasia occur-
ring long after the menopause, but masmuch as this hyperplasia 1s also found
where no cancer exists, they fall back on an extragemtal source for estrogen
stimulation. Smith and Hertig ponder the same question, and speculate as
to whether the products of protemn catabolism incident to the breakdown 'of She
existing carcinoma may not set off the anterior pituitary to liberate the luteinizing
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earamaima, In this group, bowerer, the endometrium s so stimulated that even
the most evperienced pathologist is concerned about the malignant possitalities.
Where hormones have been administered the problems of the pathologist
are nguified But whether the pathologic findings are those of hypesplasia or
not, the suggestion of malignaney is so strong that practical consideratians eall

for hysterectomy.
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Postmenopausal Period. In the postmenapansal period many borderline cases
exist, and suspicion becomes centered on hyperplasia as a precancerous lesion,
Hyperplasnia before the menopause, Novak helieves, is of httle or no sivmﬁmnce.
After the menopause the hyperplasia, or the endoerme dysfunction r:sponsibk;
for it, most strongly predisposes to the development of carcinoma, in his opinion
Whereas the incidence of hyperplasia in normal women beyond The menoP ause,
talang 55 years as an arlntrary age, 1s about 5 per cent, hypex:plasm in \vomeg‘wit};
carenoma appears in 21 per cent or perhaps higher.

Typnca!. actively growing hyperplasia may be found far along in the meno
pause. With the peak meidence between 56 and 55 years in wor:mn devel g
carcmnoma of the fundus, it is obrvious that these uteri have been under es{op;ng
s‘;\muht\o‘n‘\ f;zr a h{)nget period of time, Moreover this priming with est:ggi?\

more blely to be unopposed. All
scen im Ehc senite endorrll)é)trium as 0%::Zd0fb55(§§f:k 91};_0;; X!!Im) ﬂ:en b.e
endox'ncmnm with the fibrotic stroma and modera.tely dﬂat’ed fa dlsm N phie
to thick glandular epithelium with an active stroma ‘wnder thegin?lueﬂgc: cosf ‘;}zx‘}s
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clusions 1s noted depending on whether inferences are drawn from data acquired
during the reproductive era or in the postmenopausal age group Al gradations
of hyperplasia exist. Meyer believes that there is a dilference in degree only
between hyperplasia and carcinoma, with certain patients demonstrating phases
that are practically transitional, The interpretation is based upon the response
of both the gland elements and the stroma, As Gardner observes, there is
often great difficulty in determining pust where the normal physiologic endome-
trium merges mto the patholagre, for the gland epithchum and the stroma may
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glands regarded as bemgn

not respond in the same degree to a common stunulus. By and large, the less
pronounced phases are readily identfied and fortunately predominate m
the bulk of patients with hyperplasia Most authors are n agreement with
Novak that there 15 nothing in the ordinary Swusscheese endometrium to
resemble carcinoma, nor does there appear to be any tendency for it to become
carcinomatous This 15 particularly true dunng the reproductive period

The Reproductive Period. The great difficulty here seems to be that the
evaluation of hyperplasia as a precursor becomes clouded by the tendency to
consider the histology independent of the cause Jones ‘and Brewer find
ample evidence, confirmed by Taylor, Randall, and Herrell, that the umavolved
portions of the endometrium participate m a normal manner to the stmulatton
of the hormones They, therefore, will not subseribe to the theory that the
unopposed action of the estrogen leads to hyperplasia and thence to ‘carcinoma.
That the end rium is lated is unquestioned, bhut that it represcuts
other than physiologic hypertrophy is doubted,

Novak and Yui could find but 1.3 per cent where the common hyperplasia
of the reproductive peniod presented a picture that might be confused swith
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are maguified. But whether the pathologie findings are those of }}}‘pe‘t;ﬂaﬁa c)x'
not, the suggestion of mahgnaney 18 €0 Strong that pmcﬁml ponsiderations cal!

for Insterectomy.
- m
o S IR
Ty o
o i RTRI
%) A
= 5

- ,,‘.5;"/«'»". e _-e:

Fic. 2~A common palters of adenocaranoma.
Kok £ Cynecologicel and Obstetnee! Fethology end Endocnne Relations, WL E. Saunders
Compam, 1810,)

Postmenapausal Period. In the postmenopausal period many borderline cases
exist. and suspicion becomes centered on hyperplasia as 2 precancerous lesion.
Hyperplasia before the menopause, Novak believes, is of Little or no significance.
After the menopause the hyperplasia, or the endocrine dysfunction responsible
for 1t most strongly predisposes to the development of carcinoma, in his opinion.
Whezens the jucidence of hyperplasia in pormal women beyond the menopause,
taking 55 y ears as an arbitrary age, is 2bout 5 per cent, hyperplasia in women with
carandma appears in 21 per cent or perhaps higher.

Typical actively growing hyperplasia may be found far along in the meno-
pause, With the pexk incidence between 50 and 35 vears in women developing
carcinoma of the fundus, it is obvious that these uteri have been under estrogen
stimulation for 2 Jonger period of time. Moreover this priming with estrogen
: . k>3
is more likely to be unopposed. All grades of estrogen effect mav then be
seen in the senile endomettium as obsened by Novak The thin atrophic
endometrium with the Gbrotic stroma apd moder;{te])' dilated glands gives

to thick glandular epithelium with an active stroma under the influence of‘::j;
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clusions is noted depending on whether inferences are drawn from data acquired
during the reproductive era or n the postmenopausal age group All gradations
of hyperplasia exist. Meyer believes that there is a difference in degree only
between hyperplasia and carcinoma, with certain patients demonstrating phases
that are practically transitional. The interpretation is based upon the response
of both the gland clements and the stroma. As Gardner observes, there is
often great difficulty in determining just where the normal physiologic endome-
trium merges nto the pathologic, for the gland epithelium and the stroma may
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not respond m the same degree to a common stimulus. By and large, the less
pronounced phases are readily identified and fortunately predominate in
the bulk of patients with hyperplasia. Most authors are mn agreement with
Novak that there 15 nothing n the ordinary Swiss-cheese endometrium to
resemble carcinoma, nor does there appear to be any tendency for it to become
carcinomatous. This 1s particularly true duning the reproductive period.

The Reproductice Period The great difficulty here seems to be that the
evaluation of hyperplasia as a precursor b louded by the tend to
consider the histology mndependent of the cause Jones and Brewer find
ample evidence, confirmed by Taylor, Randall, and Herrell, that the uninvelved
portions of the endometrium participate in a normal manner to the stmulation
of the hormones. They, thercfore, will not subscribe to the theory that the
unopposed action of the estrogen leads to hyperplasia and thence to carcinoma
That the endometrium 1s stimulated is unquestioned, but that it represents
other than physiologte hypertrophy is doubted.

Novak and Yui could find but 1.3 per cent where the common hyperplasia
of the reproductive penod presented 2 picture that mght be confused with
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secrete estrogen in sufficient quantitics to induce postmenopausal bleeding scc-
ondary to endometrial hyperplasia. This is particularly true of women past
the age of 60, in whom periodic bleeding is not uncommon and thick polypoid
endometrium a frequent finding, The  association with carcinoma is more
than one would expect from mere chance. Many writers have commented on this
coexistence of the twe tumors, including Kirschbaum, Traut and Butterworth,
Porter and Bramball. Mussey et al, found the association to be about 10 times

Fic. 4 —Cut section of granulosal cell carcinoma of right ovary with associated adenocarcinoma
of endometnium.
(Courtesy of Dr. Arthur Hertig.)

as high.as one would expect if the two tumors were coincidental findings.
The incidence prosed to be about 27 per cent in the menopause age wh:re
the tumors are commonly found. °

Clinical Eridence. While the relationship between hyperplasia and carcinoma

of the endometrium is questionable, there is ample ci i
: 3 e circumstantial evi
the clinical side for jud: , e o

-
he cl P ion, From a ideration of the clinical
histories, there appears to be a definite type of individual who may develop

carcinoma of the fundus, In all probability the menopa ke

by prolonged periods of marl:edl; increasteyd flow wh(i)cph u}f:s h;;:;;i‘é !l:"? rke«é
the customary 48 years of the climacteric. Crossen finds that this delay "309.?1

time of the menopause increases the likelihood of the development oi' ;n d: 1
malignaney in the ratio of 4:1 for the normals. Corscaden apd GPusber notur:hnl
?9 per cent of ‘postmenl)pausal women who developed carcinoma suﬁergd a gl )
ing abnormaht}t during the climacteric, or about three times the normal e -~y
tancy. At the time of curettage, 31 per cent had 2 hyperplastic endomet:ill’x:-
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unopposed estrogen activity. It is in this group, therefore, that borderline cases
are found and emors of interpretation are made. The differences obviously
depend on what is interpreted as hyperplasia, :

Cocxistence of Carcinoma and Hyperplasia. 1t is in this group also that
carcinoma and hyperplastic endometrium may be found to coexist in the same
uterus, with evidence at times of the gradual transition from one to the other,
Such older writers as Schroeder, Shaw, and Cullen deny this coexistence. They

= W oa W

I G sy .

S-47- 1110
Fic 3 =Sectians of bulatera] caranoma of endometnum.

would agree with Burch that they had never seen hyperplasia and carcinoma
present at the same time, nor byperplasia as a precursor of neoplasm. Payne,
however. places the inddence of coexistence of the two pathologic entities
at 10 per cent. Where the remaining portions of the endometrium were available
for study after hysterectomy for carcinoma, Novak found all gradations of
hyperplasia up to and incduding carcinoma in 40 per cent. There is such
coexistence. Ewing, Taylor, Meyer, Randall, Schroeder, Adler, Fluhman, and
Stephenson all have commented on the association, but whether it occurs as
frequently as reported by Noval is debatable. Some authors have suggested that
the relationship is no more than pure coincidence. This wide discrepancy may
be explaived by the failure to establish the minimum anteria for a diagnosis
of hyperplasia.

Functioning Ocerian Tumors. Perhaps the circumstantial evidence most diffi-
cult to overcome for those who doubt the significance of hyperplasia in relation
to uterine cancer is the increasing incidence poted in the literature of the associa-
tion of functioning ovarian tumors with endometrial carcinoma. There can be
little doubt that both the granulosal-cell tumor of the ovary and the thecoma
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secrete estrogen in sufficient quantities to induce postmenopausal bleeding sec-
ondary to endometrial hyperplasia, This is particularly true of women past
the age of 60, in whom periodic bleedng is not uncommon and thick polypoid
endometrium a frequent finding. The association with carcinoma is more
than oune would espect from mere chance. Many writers have commented on this
coexistence of the two tumors, including Kirschbaum, Traut and Butterworth,
Porter and Bramball. Mussey ct al., found the association to be about 10 times

Fic. 4 —Cut section of granulosal cell carcinoma of right ovary with associated adenocarcinoma
of endometnium

(Courtesy of Dr. Arthur Hertig }

a';] high (:;s one wou(lld exgect if the two tumors were coincidental findings.
he ncidence proved to be about 27 i :
The medence Eommon]y e ab per cent in the menopause age where
Clinical Evidence. While the relationship between hyperplasia and carcinoma
of the endometrium is questionable, there is ample circumstantial e\'ide;lce from
tl3e clinical side for judicious speculation. From a consideration of the clinical
}nsto.nes, there appears to be a definite type of individual who may develo
carcinoma of the fundus. In all probability the menopause has bee)r’x m: rkg
by prolonged periods of markedly increased flow which has persisted bf 'oed
the customary 48 years of the climacteric. Crossen finds that this dela; ! tl}‘
time of the ‘menopause increases the Lkelthood of the development o¥ ;ﬂ du;
malignancy in the ratio of 4:1 for the normals. Corscaden and Gusber, not:r:hnt
?l?gp:;; :Zx::n zii[t;)s(;r:reizgp;]usall'\vomen who developed carcinoma sllﬂergd a blee;
e climacteric, or about three t
tancy. At the time of curettage, 31 per cent had a hy[;:‘r:)s]a‘s}:iec ’::;‘;;‘rl‘:t;‘ig‘?;
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It 1s a well known clinical observation that carci a of the end um
does not develop while a woman is having hot flashes, particularly if the
sagmal mucous membrane indicates by its atrophic liming that estrogen depriva-
tion cxists, The comerse of this statement is also true. Where cvidence of
estrogen activity persists into the menopause and is accompanied by functional
bleeding, the patient should be regarded with suspicion, for her chances of
having carcinoma are better in the ratio of 3:5 than her contemporary with an
atrophic vagipal wall

Many patients who subsequently develop carcinoma of the endometrium have
a lustory of jrregular bleeding during the reproductive period. One or more
dignostic curettages performed for other than miscarriage is not an uncommon
Iustory. Taylor places the incidence at 19 per cent The number tends to parallel
the chmeal sevenity of the symptoms and the degree of proliferative actiity of
the endometrium - Where the symptoms and the histologic findings are mild,
cure frequently results from a single curettage Where more marked by per-
plasia is encountered, repeated curettages are the rule,

The history of repeated curettage in the past can only be considered as
crreumstantial evidence i attempting to work out a causal relationship between
hyperplasta and carcinoma It is a well known fact that cancer of the uterus
may be very slow in growing. It is thus possible that the original pathology
may have been missed at the tune of the curettage, cither by the surgeon or
the pathologist. IF the curettage took place within a year of the final diagnosis,
the basic pathology was overlooked probably more from inadequate curettage
than a faulty interpretation of the sections

Endocrine Imbalance. While the history of previous abnormal bleeding of
sufficient severity to call for curettage or even radiation to control it may not he
advanced as other than suggestive proof that hyperplasia and carcinoma are
related, 1t does suggest an endocnne unbalance. The average fertility is generally
reduced as compared with carcmoma of the cervix, and the percentage of
nulliparous patients 1s nearly doubled Fibroids are associated with carcinoma
m 28 per cent of those patients with carcmoma of the endometrnun It 1s not
that the fibroids themselves, or perhaps the etiologic agent responsible for
them, are important, but rather that fibroids are another bit of evidence which
suggests that the substrate i these patients causes them to be abnormally
sensitive to the varied stunult which may institute malignant change

Corscaden and Gusberg believe that the type of woman who will develop
carcinoma has something in her genes that makes her cancer-susceptible.
It may be that estrogen 1s the carcmogemc factor, but whether opposed or not
1t becomes effective only when it has lhe proper substrate to act upon, Certamly
some such qualifying nterpretation is necessary to explin many incongruities
which otherwise would be an acceptable etiologic theory There are many
mstances of hyperplasia but carcinoma develops in relatively few. These women,
despite the hct that thcy develop hyperplasta to the point where they are

freq ty guishable from pic cancer, rarely develop malignancy
of the uterus Corscnden reports five such instances where carcinoma developed
years after prolonged estrogen adnunistratton Nearly all gy 1 interested

in malignant disease can produce one or more cases of this sort. But when one
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considers the myriads of women in this age group who are regularly exposed
to the stimulating cffect of this known carcinogen, it is indeed surprising that
mote cases of carcinoma do not make themselves evident. Thus to make the
estrogen-hyperplasia-carcinoms theory tenable we must presuppose that a genctic
substrate is present which makes these patients susceptible to the development
of malignancy.

Fic 5 —Curethings showing hyperplasia and estrn effect four years after the menopause.
Fisroins

Concerning the relation of uterine fibroids to uterine carcinoma, there can
be no doubt that the two coexist but the etiologic relationship may be ,ques(v'oned
The doubt arises 1n connection with the role played by estrogen in the devel
ment of mahgnancy within the uterus. o

Association with Carcinoma. 1f the problem 1s approached from the point
of view of the carcinoma, the association will vary from 20 to 40 per c tpm'nh
the majority of authors reporting an incidence of about 35 per centp ene it

Healey .

Taylor-Miller ig g:; 2:::
Ssﬂ:ceg?y 38 per cent
;Izﬁson and Gregg gg S:: z:::
Nins'is and Dunne gi g: (c:::;
]é(::‘»;eerss 28 per cent
e 25 per cent

Miller 24 per cent
20 per cent
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On the other hand the commonly accepted frequency of carcinoma found
in a large series of fibrord uterd is about 2 to 4 per cent. Adair reports 2 per cent,
Barnes 4 per cent, and Morns and Max 56 per cent.

The association then is a common one but in all probability there is ittle rela-
tionship to carcinoma. It may be that the presence of fibroids is an indication of
the growth potential for that uterus. 1f this is true there is little reason for
removing fibroids over 5 em as advocated by Healey, Willis confirms a well
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Fic 6 —Same case as Fig 5, two years hiter  Adenocarcinoma grade 11, persistent estnn
admimistration.

known observation that fibroids occur m over 20 per cent of women past the
age of 30 The coeustence of fibroids and carcinoma appears to be coincidental.
The relationship is no more evident when the size of the fbroid is considered,
accordmg to Masson. Where Jeromyoma is so commonly found it would be sur-
prsing that carcmoma and fibroid did not coevist. Carcinoma may imvade a
uterine fibroid and in this manner give rise to the misconception that carcinoma
arose 1 the fibroid, but it is difficult to see histologically how anything but a
sarcoma could appear. The incidence of adenomyosts with fibroids and hyper-
plasia 1s higher than one encounters in women without adenocarcinoma. No
etiologic relationship 1s attached to the finding. The relationship is probably
due to the propensity of the susceptible uterus to develop malignant as well
as bemgn tumors.
Submucous Fibrotd. Cancer is not infrequently scen developing in the mucous
\; overlying a sul fibroid. Ewing has reported a number of such
mncidences. The inference is that the mucous membrane is stimulated by the
trauma of the underlying fibroid It is possible that the ulceratne and inflamma-
tory changes present in the submucous fibroid might give rise to a stimulus
sufficient to predispose cancer on the basis of the chronic irritation theory,
However, 1t is difficult to see how a subserous intramural fibroid could produce
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such irritation and certainly not all fbroids in association with carcinoma are
submucous.

Clinical Evidence. There is a clinical observation, however, that arouses some
speculation concerning fibroids as an ctiologic factor, While the coexistence
of cancer of the endometrium and fibroids is not uncommon, the relationship
is rare in the cervix, Noble, quated by Novak, reported in 1906 that leiomyoma
appeared cight times more frequently with cancer of the endometrium than
with neoplasm of the cervix in 9,974 unselected fbroids. This report suggests
that some form of stimulation is at work which is more selective for the uterine
endometrium

Estrogenic Source. The source of this stimulation may be hormonal and is, in
all probability, estrogenic. The relationship is an indirect one through the associa-
tion with hypcrplnsin. Fibroids are more readily produced in animal experiments
by continued unopposed estrogen stimulation than is hyperplasia or carcinoma,
Mussey and Dockerty observed that prolonged estrogen stimulation in the
absence of progestin will produce not enly fibroids but polypaid proliferative
endometrium. This fact can be established chnically among women receiving
estrogen therapy for disorders of the menopause. These two factors are likewise
observed in association with granulosal carcinomas. Fifty per cent of the women
with granulosa-cell carcinoma of the ovary have fibroids, or about twice the
number found in the control series, It is, therefore, inferred that the estrogen
secretion of the ovarian tumor is responsible for the common finding of hyper-
plasia and the relative frequency of carcinoma of the endometrium, at least among
granulosal and theca-cell tumors.

Doubt of Relationship. Not all authors are in agreement that fibroids are the
result of estrogen stimulation nor that the origin of carcinoma of the fundus
and fibroids can be traced to this source. Jones and Brewer found but one
instance of hyperplasia in 100 fibroids examined. Herrell admits that estrogen
stmulation will produce a proliferative endometsium that may provide the basis
for the development of carcinoma, but does not believe the endometrial response
can be called hyperplasia. With estrogen withdrawn at the time of the menopause
the fibroid 15 supposed to reduce in size. This is advanced as an nrgumest for
hyperestrinism as a cause of fibroids, Meyer suggests that while this may be
true it is also possible that the shrinkage may come about through a reductiol
m blood supply. Bowers does not beheve that estrogen is the sole element in thn
creation of fibroids. A disordered ovartan function secondary to inflammato e

processes within the uterus or adnexa may result in an overproduction of est ogon
by the ovary and the relation to fibroids may be brought about in this e
Hype;rplasia was found 1n only 11 per cent of 476 fibroids. manner.

Clinical Obsercations. Regardless of the etiologic relationship, it is well to
remember that fibroids and carcinoma do coexist. Abnormal b]eed;n t the ti

of the 7 should be idered as due to th > g at the time
fibroid, lest valuable time be lost in insti e 10 e carcinoma and not the
J in instituting proper treatment. Norris and

Dunne found among premenopaus: tients with a fibroid a
pausal patients with i i) e
§ p id and carcinoma of th,

e duration of sympt %
fibroids were present. € ymptoms was siv months longer when

1t s axiomatic that every hysterectomy for fibroids be preceded by a diagnosti
1c
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On the other hand the commonly accepted frequency of carcinoma found
m a large series of fibroid uteri is about 2 to 4 per cent. Adair reports 2 per cent,
Bamnes 4 per cent, and Moms and Max 5.6 per cent.

The association then is a common one but in all probability there is little rela-
tionship to carcinoma. It may be that the presence of fibroids is an indication of
the growth potential for that uterus. If this is true there is httle reason for
removing fibrowds over 5 em as advocated by Healey. Willis confirms a well

Fic 6-—Same case as Fig 3, two rears later Ads grade II, p estnn
admmistration

known observation that fibroids occur i over 20 per cent of women past the
age of 30. The coeustence of fibroids and carcinoma appears to be coincidental.
The relationship 1s no more evident when the size of the fbroid is considered,
aceording to Masson, Where leiomyoma is s6 commounly found it woakd be sur-
prising that carcmoma and fibroid did not coexist. Carcinoma may imade a
uterine fibroid and 1n this manner gne nse to the misconception that carcinoma
arose 1 the fbroid, but 1t 1s difficult to see histologically how anything but a
sarcoma could appear. The maidence of adenomyosis with fibroids and hyper-
plasia 1s lugher than one encounters in women without adenocarcinoma. No
ctiologic relationship is attached to the finding. The relationship s probably
due to the propensity of the susceptible uterus to develop malignant as well
as benign tumors

Submucous Fibroid Cancer is not infrequently seen deeloping in the mucous
membrane oyverlying a submucous fibroid Ewing has reported a number of such
mcidences. The mference is that the mucous membrane 1s stimulated by the
trauma of the underlymg fibroid. It is possible that the ulcerative and inflamma-
tory changes present in the submucous fibroid might give rise to a stimulus
sufficient to predispose cancer on the basis of the chronic jrritation theory.
Howeuer, it is difficult to see how a subserous intramural fibroid could produce
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curettage and every specimen be opened at the operating table to avoid an
inadequate operation, Graves helieves 1t important to explore the uterine cavity
where the use of x-ray or radium is contemplated for a fibroid complicated by
carci or sarc t legeneration may be farther activated by the
influence of radiation, The important point to remember 1s that the presence of a
fibrotd may mask the existence of carcinoma of the endometrium

PoLyrs

Incidence Based on the expenience of polyp formation in other parts of the
body, particularly the intestine where 40 per cent showed malignant change,
polyps within the utenine cavity have come to be regarded as potentially malig-
nant. Actually malignant change within a uterme polyp is a rare finding. Norns and
Vogt could trace the change from benign to malignant in but 3 of 104 uterine
polyps examined. Brindley found 13 instances where coexistence appeared, but
Hirson notes that in many instances malignancy was found with none observed
withmn the polyp itself. It 1s this coexistence, coupled with the history of repeated
removal of polyps mn a uterus that subsequently develops carcinoma, which has
given support to the contention that carcinoma of the endometrium may arise
from a pre-eusting polyp. Isehi believes that it may arise from a polyp and
collected 17 such cases. Three of these were believed to be primary with 2
doubtful, while 9 showed dary i ion of what had been
considered primarily as simple polyps.

Histologic Pattern. The histologic diagnosis is not an easy one. There is such
marked prohferation of closely packed and irregularly branching glands with
the stroma compressed into narrow strips that the similanty with adenocarcinoma
15 stoking

These changes noted within the endometrium would in all probability give
nse to the diagnosis of malignancy, but where they are localized to a polyp, the
sigmificance 1s not great As Hirson notes, the loss of gland individuality is prob-
ably the most important single diagnostic finding, for the difference in the cell
structure may be difficult to recogmze Isehi bases hus diagnosis of malignancy
withm the polyp on the finding of areas of adenomatous growth which begin to
break through the protective capsule surrounding a group of glands. Occasion-
ally 1t may start on the surface but rarcly 1s 1t primary all over its surface. The
significance 1f this atypieal metaplasia of the surface epithehum 1s in doubt.
Hurson regards this as a precancerous state, while Geist believes that inasmuch
as all polyps are pedunculated, they are hence subjected to trauma and resulting
mfection. The metaplasia then is in response to the infection and only simulates
carcinoma
* Mode of Spread. In genera), the malignant change should begin at the base
and either extend upward mto the polyp or downward to invade the underlying
musculature. It 15 therefore, important to examine the base of the polyp removed
at curettage Rarely caremoma may be found m a cancer-free uterus with the
mahignancy confined to one portion of the polyp.

Polyps found withm the uterus do not have the same malignant potentral as
those found elsewhere withm the body, for seldom does carcinoma of the endo-
metrium arnse from a pre-existmg polyp.

b
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his patients with fundal carcinoma were obese, and Smith found 28 per cent
weighing more than 160 pounds. Corscaden points out that not only are these
women obese but they look larger than they actually are, for they are prone to
Iiave small hands and feet and large rounded hips. This is not by accident but
rather an indication of a basic endocrine imbalance. Robinson, commenting on
the relation of body types to other discases such as cardiovascular disorders or
thyroid disease, states that body build is a deep seated change indicative of
disorder in the newro-endocrive system and the biochemical reactions of the
Dbody. The incidence of growth and time of appearance in mouse tumors has a
definite relation to carbohydrate intake as noted by Tannenbaum. While the
relationship between carcinoma of the endometrium and obesity is not direct,
the association scems to be relatively constant, Life insurance statistics, for
example, indicate that people who are overweight when past middle age are
more likely to die of carcinoma than the average. Moss abserves, howesver, that
perhaps the factors tending to control the weight may he more important than
the actual weight itself.

Diabetes. Inasmuch as obesity and diabetes are frequently associated, it is not
surprising to find that 11 per cent of Scheffey’s series of patients with carcinoma
of the endometrium had diabetes. There is nothing about cancer itself that
predisposes to diabetes, according to Marble. 1t does have a relation to cbesity.
John found that 66 per cent of 172 obese females had abnormal glucose
tolerance curves. The patients with carcinoma of the endometrium tend to have
diabetes not because they have cancer but because they are overweight.

Hypertension. Like obesity, hypertension is commonly noted in determining
the relative operability of patients with cancer of the endometrium Moss notes
a definite increase in the diastolic and systolic pressure among broad-chested
people. As the body expands laterally, as it does among patients with carcinoma
of the fundus, the incidence of hypertension increases. The finding of hyper-
tension among this group is a natural sequela, not an accidental association

1t is thus evident that postmenopausal bleeding appearing in a fat patient who
has hypertension and diabetes should be regarded as significant because of its
common association with carcinoma of the endometrium.

The Late Menopause. There is much circumstantial evidence to indicate that
the delayed menopause so commonly associated with carcmoma of the fundus
is of diagnostic significance. The average age of patients developing cancer
of the endometrium 1s six and half years older than those with cancer of the

cervix. Crossen and Hobbs find the late menopause has a definite association with
carcinoma.

Age at Menopause Fundal Cancer Normal
56 cases 2,291 cases
36 to 40 years 2 per cent 12 per cent
40 to 45 years 4 per cent 26 per cent
45 to 50 years 30 per cent 41 per cent
50 to 55 years 60 per cent 15 per cent

It has been suggested that the delayed menopause may provide a longer
peniod of time during which estrogen may stimulate a susceptible uterus with
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Coeristence with Carcinoma The coexistence of carcinoma and uterine polyp is
of importance m establishing a diagnosis. Fahlund and Broders found in a study
of 236 cases of postmenopausal uteri that the incidence of endometrial polyps
was about 8 times greater 1n cases with carcinoma than in those without disease.
It is easy then to explain the symptoms of abnormal uterine bleeding on the
recovery of a polyp at the time of curettage, The presence of a polyp may mask
the unrecognized coexistence of carcinoma within the uterus.

Clinical Observation The following case may serve to emphasize the dangers
in attributing the cause of the abnormal bleeding to a polyp alone. An unmarried
woman of 52 observed vaginal bleeding, intermittent in character, over a period
of three months, A small polyp could be secn presenting from the uterine canal
at the cervix. Curettage failed to produce adequate material to explain the history
of bleeding which, while mtcrmittent, was of appreciable quantity. A total
hysterectomy with removal of both adnexa revealed a bicornate uterus with a
rudimentary cervix entering a sleeve compartment at the apex of the vagina. The
normal cervix and communicating uterme cavity were negative, but the contra-
lateral horn of the bicornate uterus was completely filled with carcinoma.

SYMPTOMS

Inasmuch as little mformation will be forthcommg from a general physical
exammation, it 1s important to establish some sort of a working background
from which 1t may be possible to recognize the type of individual who may be
expected to develop malignant disease Much helpful information can be
obtamed from the history of these individuals.

For example, Randall has called attention to the fact that women with cu-
cmnoma who experience excessive bleeding at the time of the delayed meno-
pause rarely show the signs of atrophy of the vaginal mucous membrane that one
might expect in a woman n the menopause This type of patient should be hept
under scruptlous observation

Likewise Corscaden and Moss have independently made observations on
the body type common to the patients who subsequently develop inoma of
the uterine body Serious concurrent disease is frequently noted among these
patients Bowing and Fricke found that 75 per cent of the women presented
to them for radiation therapy were refused surgery largely because of obesity,
hypertension, cardiovascular disease, or diabetes rather than because of the
extent of the disease Tlus coexistence appears to be more than accidental. Before

lering the symp logy 1t seems pertinent to discuss the background
1 of of the end rium,

to the devi

Prep1srosiNG FACToRS

Body Types. Obesity It is a’common observation where operability 15 under
consideration that the patients with carcinoma of the endometrium tend to be
obese. Moss, using standard tables for age and height, found the women in his
sertes to be about 10 per cent overweight on the average. This, according to
Corscaden, 1s about 9 times the probable error. Frank noted that 35 per cent of
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The Irregular Menstrual Pattern. In a further suggestion that endometrind
carcinoma may appear in the unused or unphysiologic uterus, it is interesting
to abserv¢ the number of paticots who exhibit a past or present abnormal bleed-
ing pattern. Such bleeding abnormalities are common for example among nalli.
paraus patients. There is recorded histary of previous treatment for fbroids or
menorrhagia sccondary to endometraal hyperplasia. One-third Yo onc-half of
d i of the

) 1

patients who d triun before the menopause

F1e. 9 —Caramoma of fundus arising 15 years after radum for bleeding in presence of a
benign fibroud.

show long-standing gross abnormalities of menstruation. The same history is
obtamed among those.: who develop carcinoma of the fundus in the postmeno-
pausal period Excessive and irregular bleeding histories are more common than
;mcden?)‘\}n‘ntexstm th(}e noIrmal population, When such a history exists, the Iikeli
iood of the patient developmg carcmmoma within the i i .
v ey, pmg uterus is about 3 times the
. Prcv;m!;ls Radiutzqn. Many of these patients have received radium for allevia-
;}(1): )(:3 :0 e proffulsi ol(x;regu]ar blel:zding some years previously. Corscaden chec}\e‘d
stories of 1,100 women who had the meno i i

¢ ; 3 pause induced by radium givi
i(;rubemgn bleeding. After six and one-half years, 15 had dewlgped mrcigs:z:nx
o ;:trl\“emsoThe r‘mmber with cancer of the endometrium was three ;imes the
" I;‘ m; :;?; mge :mghinigue that the subsequent carcinoma arose as the result

hation, Luker reported 14 such instances f; ite
2 o

development of carcinoma elsewhere in the body h hr  ehenie e, Late
areas which had been the site of intensive radi: e ety d g in
Quently Shacrved, for exsmmmy radiation years before. It is not infre-

Qently oserve: , for example, an the skin following external radton It i
able that a similar situation imght arise within the uterus. R o

rus. Randall records
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the resultant increase in carcinoma. Randall could find but 8 per cent of women
without cancer in the uterus who continued to bleed after the age of 50. On
the other hand 85 per cent of the patients who developed carcinoma had blecd-
ing after the age of 51. In this group it is interesting to observe that the patient
experiences nothing in the way of hot flashes, and upon inspection reveals a
bluish moist vaginal mucosa indicative of continued estrogen activity. Because
of these observations, linked with the not finding of letomy A
errors in diagnosis are often made, for the bleeding may be attributed to the
fibroid, which in turn may conceal the presence of carcinoma. Likewise the
patient regards the irregular bleeding occurring after the menopause as a
resumption or continuation of the normal catamenia and avords medical
consultation.

Because of the failure to consider carcinoma of the endometrium as the most
important cause of abnormal bleeding at the time of the climacteric Smith found
that 9 per cent of the total number of 360 patients with carcinoma had been
mismanaged. Ergot had been given in one mstance for a history of six months’
bleeding occurring 14 years after the menopause. There were several instances
of abdomunal exploration and oophorectomy for postmenopausal bleeding where
no prelimmary curettage had been performed. In some instances a curettage
had been done without a definite cause being found to explain the bleeding, yet
recurrence of the bleeding was ignored because of the negative findings at the
mitial curettement. Such a patient should be labeled as hughly suspicious and
followed up rehgiously. Another common source of error was noted in the num-
ber who had roentgenologic t without a preliminary curettage. Naturally
the patient does not want to undergo even a diagnostic curettage. Such an outline
of treatment is, therefore, very popular but highly dangerous Menorrhagia at
this trme may be functional or secondary to a benign lesion but it may be the
only malignant symptom

Marital Status, According to the statistics of the British Climeal Cancer
Research Committee, women who are married are less likely to develop carcinoma
of the endometrium than those who are unmarried. Inasmuch as the Umted
States Census reports from the New York-New Jersey area state that 12 per cent
of women over the age of 35 are unmarried, it is evident that women who des elop
carcinoma of the endometrium marry about as frequently as the normal population,
though 1 some series the percentage of single women runs as high as 25 per
cent The number of nfertile marriages, however, is definitely higher than the
expected ncidence placed at 17 per cent by the same census reports. From
multiple reports in the literature it appears that 25 to 40 per cent of women who
develop carcinoma of the endometrium will be nulltparous

Whereas a definite relationship exists between pregnancy and cancer of the
cervix, no such correlation is noted for the endometrium Corscaden found 38
per cent nulliparas among patients with endometrial carcinoma as against 16 per
cent for cancer of the cervix This figure 1s about eight and one half tumes
greater than the probable error.

Tarity then certainly cannot be regarded as an etiologic factor in the develop-
ment of carcimoma of the endometrium except as 1t suggests a faulty substrate.
It is probably this element that is important rather than sterility atself.
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Economic Status. It is a well known clinical observation that carcinoma of
the endometrium, in contrast to carcinoma of the cervix, is more frcqucnl]y
encountered in private practice. Corscaden found this to be truc in the relation
of about 2 to 1. No further significance can be read into this observation.

Summary. Tt is cvident that certain observations may be extracted from the
histories of paticnts with carcinoma of the endometrium which may prove helpful
m establishing a diagnosis. T h as little aid may be acquired from a general
physical examination, reliance must be placed in large part on the history. If,
for example, we keep in mind that bleeding abnormalitics at the climacteric are
three times as common among patients who have carcinoma of the fundus as in
normal women and that such patients are four times as likely to develop such a
cancer, then one’s attention becomes focused on this group.

We have noted from the history that many obese women of sound economic
status are either unmarried or infertile. Frequently these women have a long
tustory of abnormal menstrual blecding preceding a delayed menopause marked
by excessive flow. Such a patient is a likely candidate for carcinoma of the
endometrium.

BLEEDING

The mast important single symptom of cancer of the endometrium is abnormal
uterine bleeding. The character of the bleeding depends upon the age of the
patient at the time the malignancy develops. About 75 per cent of the patients
with fundal carcinoma will be in the postmenopausal period with 25 per cent still
1 the reproductive era, Bleeding in some form is present in practically 100 per
cent and appears as the first symptom m approximately 80 per cent.

The character of the bleeding varies. It may mamfest itself as: (1) Irregular
bleeding with a tendency to increasing quantity of flow; this type of bleeding is
characteristic of that group of women which develops carcinoma before the
menopause. (2) Irregular spotting, usually of no great quantity. It is frequently
observed after straimng on defecation or micturition, Occasionally there is a
history of a fall Rarely 1s it aggravated by cortus or douches. (3) Minimal spotting
or staiming in the postmenopausal period. This is commonly intermittent in
frequency (4) Sudden gushing of blood not as an intermenstrual
g?;?::lf:g] among the younger group but occurring also years after cessation

.Tl.\fse types of bleeding are well known to the medical nrofession yet the

seems at times
the lay public

. tenopause, but
wiere sul appears to be more than a fair amount of lethargy on the [E)’art o’f the

medJc‘:xl profession and a tendency to explain away the symptoms rather than t
mvestigate them, While cancer of the endometrium may appear to be ]a IO
growng, early diagnosis and treatment reflect in the survival rat st o
positively as they do for malignancy anywhere else. o Justus

Premenopausal  Irregular bleeding is the rule in the reproductive period,

marked by 2 steadily pro g i
gressive mcerease in the amount of flo
many factors that enter to bring about confusion in di i suc}‘lvzllsmthere esonce
5 > e
I
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in the literature 4 such patients who developed uterine carcinoma one year
after intra-uterine radiation 1n amounts of 1000 to 1800 mg. hours. The time
element is important, for some of the recorded instances of carcinoma following
radiation are so recent that the relationship must be regarded as questionable m
that 1t is not pletely 1 that the i was not overlooked at the
time of the curettage.

Nevertheless carcinoma of the endometrium has followed the application of

Fic 10 —Caranoma of fundus ansing 14 years after radiation for benign uterne bleeding Note
stenosis of the cenical canal

mtra-utertne radiation Scheffey collected from the literature 65 cases of fundal
malignancy with a previous history of radiation. Many surgeons advise radiation
for patients with a history of mregular and profuse bleeding if at the time of
curettage no gross abnormalities are found in the endometrium Whether there
1s 2 direct etiologie relationship 1s questionable. An indirect approach may be
considered 1n that there are some surgeons who believe that disordered ovarian
function may produce a greater degree of estrogen stimulation than the normal
ovary. Such observations have been made on patients who have received roentgen
treatment as well as those treated with radium alone. It 1s possible, but unlikely,
that mntra-utenne radium might so tip the balance in the ovary that hyperplasia
and carcinoma might develop at a later date.

In all probability presvious radiation does not actually give rise to carcinoma
of the endometrium, but at the same time it may be said that 1t 1s of no value in
the prevention of cancer that may later develop withm the uterus.

It would appear that the basic relationship lies in the fact that the underlying
substrate 1s at fault The abnormal bleeding for which the radiation was given is
an indication that the uterus is abnormally sensitive to stimulation and if such
stimulation is contmued over a long period of time the uterus contains within
1tself the pe iality of developi i t disease,

P
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Hosmone Therapy. Perhaps the most troublesome causes of postmenopausal
bleeding other than carcinoma is that secondary to the use of estrogenic hormone.
1t is widely used for hot flashes or simply to make women feel better, In more
instances than not the therapy is prescribed by a friend rather than a physician.
Bleeding occurs as a result of prolonged administration or from withdrawal of
the hormone. The physician falls into the trap of esplaining the appearance of
bleeding after the menopause by the use of the drug, without considering the
posstinlity that continued estrogen may either result in or actually cause cancer
of the endometrium, We know it may conceal it. There is some evidence that it
may cause tt. This is based largely on the observation that the granulosa-cell
carcinoma known to sccrete estrogen is commonly found in association with
fundal malignancy.

Certainly too much estrogen therapy is being preseribed for disorders of the

; including bleeding, without first ruling out the possibility of an
already eusting carcinoma. In far too many instances the drug is prescribed
without the benefit of a pelvic examination, much less a curettage.

Not all women who take estrogen therapy will develop carcinoma of the
endometrium. If they did, malignancy would bé a much more commen oceurrence.

Chinical Qbsercations. There is enough evidence, bath in animal experimenta-
tion and among humans, suggesting that prolonged estrogen stimulation upon a
sensitive soil may reap a malignant harvest, to advise caution in the widespread
use of the hormone over any extended period. If there is any suggestion of cancer
susceptibility noted in the fanuly history, the hormone should not be given at

all. Where it 1s employed in this age group, pre-existing carcinoma should be
ruled out and the estrogen given on a planned schedule calling for interruption
in the continuity of admmistration At the present time common practice calls
for estrogen adminstration daily for three weeks followed by one week when
no hormone 15 given. If bleeding follows withdrawal of the drug a curettage is
immediately indicated, for the hormone may be concealing the presence of
carcmoma,

While it s true that estrogen therapy may induce profuse bleeding at the
menopause, either through prolonged administration or withd, I, the danger
;:rx;::rin;:empﬂoss;!;g}? :nis::nserpretatic:n of the cause _of such bleeding, Inasmuch
ot mime“op);“sq‘ebxsegmmehcar‘c(in‘z;ma or hide its presence, xl. is aviomatic

; 2 g should be regarded as due to carcinoma of the
endometrium until proved otherwise.

Discrarce

Type. The next most common symptom of carcinoma of the endometrium is
vaginal discharge which may precede the onset of bleeding. Its diagnostic s 'ﬁa
cance cannot be stressed too much, for there are many other entities lbatgm ,
efplam the findings. The discharge is often clear at frst, The watery ma};
discharge may appear in bursts as the patient strains at heavy exertion o?f ﬁ?e'o
mucturition or defecation At times the discharge may be pre;‘eded b iodogw?g
cramps as tho.ugh the uterus were attempting to expel 1ts contentsythn . :lte
stenosed .cervxcal canal. Later the discharge becomes seropurulent rt;ug "
increase in amount. If o pyometra exists, as it commonly does wm?nm;z
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of fibroids and the frequency of endocrine imbalance, that some delay in secking
medical advice may be anticipated. Some of the delay must he attributed to the
medical profession who place a faulty interpretation on the cause of bleeding,
Norris and Dunne noted 1 1936 an average duration of symptoms in this group
of 22 months, With the advent of the cancer educational program instituted by the
Amencan Cancer Society, tlus has been appreciably reduced though the same
clements accounting for the delay are present. Miller reporting in 1941 found
that the average waste of time among the group with abnormal bleeding was
about seven months before seeking medical advice with another four month
delay on the part of the physician, so that the average duration of symptoms
antedating treatment was about 11 months.

Postmenopausal In the postmenopausal epoch vaginal spotting is by far the
most common symptom This may be contintous or intermittent. It is frequently
noted following defecation or micturition Because st 1s small in amount and
infrequent i appearance, the patient 1s reluctant to consult her physician or she
becomes lulled 1nto a sense of security by the inconstancy of the symptom But
where this symptom anses as a pnmary symptom one year after the menopause
1t 15 of extreme importance, masmuch as two-thirds of these patients will prove
to have mahgnancy, according to Ward,

Scheffey could find only 8 mstances among his patients with postmenopausal
caremoma who did not demonstrate this irregular spotting. In one the first
symptom was a metastatic nodule in the vagina, while another had pain as the
first symptom because of an extensive hematometra.

The average duration of symptoms m this group has been only shghtly
improved by the cancer educational campaign, for it is stll fairly cvident that
the sigmficance of postmenopausal bleeding is not sufficiently appreciated.
Whereas Norns and Dunne noted an average duration of symptoms of 16 months,
Scheffey, reporting 1 1943, found the delay to be about 13 months The improve-
ment 15 not dramatic.

Occasionally the patient may esperience a sudden severe hemorrhage from
the uterne canal years after the cessation of the penods. Not infrequently this
may be due to other pathology than carcinoma, but where this lustory 1s obtained
1t 15 more likely due to carcinoma than any other cause.

Other Causes There are of course other explanations of postmenopausal bleed-
g than carcinoma, but 1t 15 still the pnimary one and obviously the most import-
ant In a changing medical world the old medical school aiom still holds — that
postmenopausal bleeding is due to carcinoma of the endometrium until proved
otherwise Too often the bleeding is explamed on the basis of the presence of a
polyp or senile vagimtis Hypertension 1s known to produce uterme bleeding at
this age In recent years the recurrence of periodic bleeding is commonly
attributed to the functioning ovarian tumors such as the theca-cell and granulosa-
cell e a In the pre T I period Randall believes that less than one
in 10 diagnostic curettages will unearth a carcmoma of the endometnium. But
where this procedure is carried out after the menopause and no other explana.
tion of the bleeding 1s forthcoming, 60 per cent will have carcinoma. It must never
be forgotten that even m the postmenopausal age group the possibility of car-
cinoma of the cervix 1s of utmost importance both statistically and practically,
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ANEMIA

Though the primary symptom is that of bleeding, n.cithcr this factor nor the
neerosis of the tumor is sufficient to show in the blood picture to any great extent.
About one-third of the patients will have less than 12 gm. of hemoglobin. A{lcmin
may be found m estreme necrosis of tumor and death from hemorrhage is not
unknown. As a rule, anemia is not & common finding,

URINARY SYMPTOMS

Where the disease in its Jate stages invades the parametrium one would expect
an increasing incidence of compression of the ureter with resultant hydro-
nephrosis, pyonephrosis, and uremin. But even in the late stages of the disease
this series of events is a rare finding and in direct contrast to carcinoma of the
cerviv. The actual incidence of such plications is about 13 per cent, with the
percentage variation having some relation to the rate of growth and pathologic
grade of the tumor. It is almost unknown with the low grade adenocarcinomas,
while a limited percentage of anaplastic tumors may produce urinary symptoms,

PHYSICAL EXAMINATION
OBEsITY

Attention has already been called to the type of build commonly encountered
among patients who are susceptible to the development of carcinoma of the
endometrium, Patients who are obviously overweight for their age and height
tend to have, according to Moss, a heavy lateral build, Corscaden elaborated the
findings, noting that these women not only are fat but appear heavier than the
scale indicates because of their small hands and feet and rounded hips. The
average increase in poundage is about 18 pounds or 10 per cent of their body

weight. Perhaps because of this heavy lateral type of build, obesity and hyper-
tension go hand m hand.

DoubLe Prinary

Inasmuch as intra-uterine cancer is not frequently associated with primary
carcinoma elsewhere, it is of utmost importance that the general physical exam-
ination be complete. Taylor and Becker found double primary malignant tumors
m 4 per cent of their whole senies, confirming Warren and Gates” reports based
on 1,078 necropsies One-half of the other carcinomas associated with ntra-
uterine malignancy arose in the breast in Taylor’s series, whereas Smith found
50 per cent appearing in the ovary Metastatic nodules present m the vaginal
mucosa, often accurring near the urethral meatus, may represent mahignant ex-
tensions from the large bowel. The double association 15 not uncommon but it
is well to remember that primary carcinoma of the large bowel may metastasize
to the vaginal outlet without carcmoma being within the uterme cavity. The
pathologic report of adenocarcinoma is confusing unless it is accom e
the pathologist's note that a primary lesion should be so
tract. Two recent cases have been encountered

panied by
! ught in the intestinal
illustrative of this finding. In
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carcinoma, it may be more or less noticeable depending on the degree of
stenosis. A gradual progresston to a brownish or blood-tinged type of discharge is
commonly noted, though frequently this is the first symptom. The sccretion only
becomes malodorous as the tumor within the uterus breaks down and becomes
necrotic

Clintcal Correlation Murphy has attempted to correlate the symptom of
discharge to the pathologic grade of the tumor and finds that the incidence of this
symptom tends to vary with the structural grade of the tumor. Anaplastic car-
cimomas, tor example, are least likely to show discharge, while discharge com-
monly panies malignant ad and ad i That it is a late
mamfestatton may be deduced by the observation that 47 per cent of the
woperable patients noted a vagmal discharge as against 30 per cent of the
operable The accuracy of the statistical data is attenuated by such associated
findings as endocervicitis and senile vaginitis. Most authors agrec that httle
statistical significance can be attached to such findmgs

Pain

Type and Severity. This symptom 1s rather difficult to evaluate, It oceurs in
about one-third of the cases, according to Healey and Brown, Obviously some
of the symptom of pain 1s secondary to other pelvie lesions. It is commonly
regarded as a late symptom, but Meigs found that over 60 per cent had a low
rbd I dull ache 1 at times with a bearing-down sensation and pain
m the low back. The pain 1s of varying degrees of severity. Occasional cramplike
pains may appear 1n the early stages of the disease as the uterus attempts to expel
some of 1ts contents Pyometra and | a are not findings.
The sense of pressure and lower abdominal discomfort are heightened by their
presence, and complete relief may follow an acute cramplihe pan which results
m expulsion of the uterme contents.

Chnical Correlation It has been common practice to consider that pain in
assoctation with carctnoma is 1n direct relation to the estent of the disease and
that severe pain 1s an ndication that we are dealing with a hopeless and
moperable case It is assumed that pain occurs as the growth invades the
parametrium and involves the sacral plexus. Murphy found a definite percentage
mgrease as the disease became histologically more malig Likewsse the inci-
dence 1 moperable cases was about double that of the operable group.

Nevertheless among 56 cases who had pelvic pain, only 16 had extra-uterine
mvolvement, while 43 with extension of disease beyond the uterus had no pain
at all. It would, therefore, seem unwise to be guided 1n the choice of treatment by
the symptom of pain. As regards prognosis, pain should be considered as a factor
only as 1t 1s evaluated 1n relation to other factors bearmng on prognosis.

Weickr Loss

Inasmuch as carcinoma of the endometrium appears to be relatively slow in
its development, the general appearance of the patient daes not reflect the extent
of the disease. Weight loss, noted in about 11 per cent, is not a sigmficant factor.
Jeffcoate found that while the average weight Joss was about 17 pounds, nearly
a third had lost as Lttle as four pounds.
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comversely, that women with excessive bleeding during a delayed menopause
should be regarded with suspicion if the vaginal mucosa shows evidence of
activity.

ExanuxaTioN or Utenus

Examination of the uterus concerns itself with size and mobality as well as
possible parametrial extension of the intra-uterine carcinoma. The base of the
broad higament should be palpated in relation to the uterocervical segment
both by vagina and rectum. Phability of the pelvic floor is of particular interest,
together with the presence or absence of nodular thickening. The mobility of the
uterus is in direct relation to parametrial fixation or to the size of the uterus.
In an uncomplicated carcinoma of the uterine body, the size of the uterus is in
most instances normal Unfor ly, the iation with pyometra
or fibroids so changes the size of the uterus that it is difficult to establish any
clinical classification that is effective, as can be done for the cervix. There are
many such classifications based on the size of the uterus that appear to be reason-
ably effective in evaluating the prognosis. There can be no doubt that in the field
of surgery for malignancy, the size of the initial lesion is the most important
single prognostic factor outweighing duration of the disease and grade of the
disease It is possible, within limits, to measure the extent of the disease within
the cervix by employing such a clinical classification, But where the carcinoma
of the endometrium remains hidden within a blind cavity such as the uterine
canal, where 1t can be neither seen nor felt, we have no conception of the site
of the malignancy, much less of its size. Any classification must then be based
on the size of the organ containing the carcinoma, not on the size of the malig-
nant lesion itself Certainly an enlarged fibroid uterus with a small carcinoma
should not give a worse prognosis than a small uterus with a uterine cavity com-
pletely filled with cancer. It is much like basing a classification on the size of
the breast rather than on the lesion within the breast.

CrivicaL CLASSIFICATION

Some degree of accuracy in prognosis, however, appears to follow a clinical
classification based on the size of the uterus. Healey believes it is useful m
determining the prognosis in cases treated by radiation. If the type of treatment
is dependent upon the stage of the lesion, then classification through considera-
tion of the size of the uterus is the only way it can be done. It is of no help to
consider prognosis m the light of the size of the lesion after the uterus has been

removed Fricke and Bowing have developed four stages to be employed as a
clinical classification: ’

1 The uterus is not enlarged and is movable.

2. The uterus is enlarged but still movable. There is no infiltration,
3. Entertains 3 possibilities:

{a) the uterus is not enlar,
of both parametrium;

(b) the uterus is enlarged and fixed, owin
metrium to the pelvic wall;

ged but there is Limited mobility and infiltration

g to the infiltration of one para-
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contrast to the above, one of Scheffey’s patients presented a nodule at the vaginal
mtrottus as the first indication of a carcinoma of the endometrium. This type of
metastasis has an important bearing on treatment, for it suggests retrograde
lymphatic spread.

AssocIATED Patrorocy

Much of the associated pathology may be recogmzed upon physical evamina-
tion. Evidence for fibroids, ovanan tumors, carcinoma of the cervix, vulva, and
breast, polyps, pyometrium, procidentia, and anemia all may be elicited by a
general physteal exammation About 30 per cent of the patients will have had a
previous pelvic operation These findings together with obesity, diabetes, and
hypertension constitute a farr amount of pathology in addttion to the primary
carcimoma of the uterine body. Some of thuis associated pathology may distract
attention from the carcinoma within the uterus and cause delay in performing a
much needed curettage This is particularly true of polyps, fibroids, and adenosis.

Enough associated pathology may be uncovered to emphasize the need for a

plete general physical examination in every patient suspected of having
carcinoma of the endometrium.

Local examination may at times be inconclusive largely because of obesity.
Palpation of the abdommal wall may reveal the presence of a mass rising above
the symphysis It may, of course, represent the end stages of carcinomatous infil-
tration, with a markedly enlarged uterus On the other hand, a large irregular
fibroxd uterus may harbor an early carcinoma of the endometrium Hematome-
trium or pyometrium may be of apprecrable size and easily palpable abdominally.
Chisholm reported an enormous hematometra secondary to carcinoma of the
fundus, which rose to within 2 inches of the xiphoid and contained 14 pints of
bloody fluid.

EXAMINATION oF CERVIX

Vaginal palpation and inspection are of extreme importance Careful inspec-
tion and biopsy of the cervix are almost diagnostic “musts,” because the disease
may have extended down from the fundus to involve the cervix and because all
the symptoms believed to be caused by carcinoma of the body may come from
an endocervical epidermord carcinoma of the cervix, Carcinoma of the cervit
15 commonly regarded as a disease occurnng mn the premenopausal age, and
certawnly the peak meidence comes at this time. It 1s 50 much more common than
carcinoma of the fundus, however, that at about the age of 70, the peak mcidence
for carcinoma of the fundus, the two are present in equal frequency. Inspection
of the cervix may reveal blood coming from the uterine canal or even fragments
of tissue extendmg from the external os.

EXAMINATION OF VAGINA

Complete inspection and palpation of the vaginal canal are essential Nodules
may appear, either as fungating areas or without break m the vaginal mucosa,
anywhere in the entire vaginal tract. Likewise 1t 15 important to observe the
vaginal mucous membrane itself. Randall has stated that carcinoma of the fundus
does not appear where there 1s evidence of atrophy of the vaginal mucosa, and,
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PLAN oF TREATMENT '

Schetfey follows a definite plan of therapy where abnormal uterme 1)]90(]1111‘1;
is encountered i a woman over the age of 40 who is believed to have fibroids
within the uterus. ) ) )

{1} Diagnostic curcttage with radium ﬂ\uul.l!)lu.

(2) Biopsy of both the cervix and endocervical canal.

s et e

- T

Fic 11 —Adenocarcmoma, grade 1, ansing at the comua, this 1 frequently nussed at curettage,

(3) 1f no submucous tumor is present or the uterus 1s pot enlarged, 50 to 100
mg. of radwum are given.

(4) If the four-hour pathologic report is benign a small dose of radium is
gaven.

(5) If cancer 1s found withm the uterine fundus, a full dose of radium is
administered.

(6) If the uterus is enlarged, the uterme canal irregular, or adnesal disease
is present, total hysterectomy is indicated.

(7) When hysterectomy is performed the uterus should be opened at the
operating table. The presence of carcinoma calls for the remaval of the
adnexa.

Meigs would caution the surgeon that if doubt exists about the final diagnosis,
the part of wisdom is to wait for the permanent sections,

Accuracy oF CURETTAGE

Nornis and Dunne, commenting on the accuracy of the diagnosis of earcinoma
by diagnostic curettage, note that in fully one-third of the cases carcinoma was
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(e) the vterus may be enlarged or not, but there 1s extension to the centix
and possible invasion of the vagina,
4. The uterus 1s enlarged and fived with evidence of extrapelvic metastases

Orner MODIFICATIONS

Miller builds his classification on the size of the uterus in relation to the
development of the uterus m different months of pregnancy

I h as the diag cannot be definitely made m most cases until curet-
tage is done, Ward introduces a practical note m that the depth of the uterine
cavity 15 considered n relation to Fricke's classification This is patticularly valu-
able when mtra-uterme radon 1s to be given either as defimitne treatment or as
a prelimmnary to subsequent surgery This still gives no indication of the size
of the cavity except for 1ts depth, nor does 1t consider that a small carcinoma may
develop high up m a cavity enlarged by concomitant fibroids, Nevertheless,
Healey, Mller, and others have shown that a better prognosis is by and large
obtaned 1 the small and normal-sized uterus.

The classification on the baus of the size of the uterus should continue to be
employed, but whether it should dictate the type of treatment, except in obvi-
ously advanced disease, 15 debatable.

DIAGNOSIS

GeNeRAL COMMENT

Inasmuch as not all carcinomas of the endometrium occur in the postmeno-
pausal age group, it is mnportant to keep m mind that any abnormal uterme
bleeding may have a malignant source m the uterus regardless of the age at
which 1t makes its appearance. Carcmomas of both endometrium and cervin
have made themselves mamfest at an early age Hirst reported the removal of
a cervical polyp m an obese girl of 16 because of profuse bleedmg The curettage
was repeated five months later and the base of the polyp fulgurated, Eleven
months thereafter a soft friable mass extended from the external os although its
base was within the uterus This proved to be frank cancer associated with a
marhedly hyperplastic end m in the r g portions of the uterme
cavity Norrs and Vogt reported smilar findings i a girl of 24 with a history
of a previous curettage five years carher,

Actually the incidence of carcmoma of the body of the uterus within the repro-
ductive age vartes between 25 and 35 per cent Inasmuch as carcinoma of the
cervix has its peak mncidence during the same pertod of time, the possibility of
malignant disease must be kept in mind when any gynecologic operation 1s con-
templated 1f the surgeon will make 1t a definite rule, without exception, to per-
form a curettage and thorough cervical biopsy m every operative case, the
tragedies ineident to a mistaken diagnosis will be matenally reduced. It would
also be worthwhile at this point to caution the physician against the indiscrimi-
nate use of hormones and roentgenologic treatment in this age group without
first performing a diagnostic curettage This 1s a common and regrettable practice
The same may be said for the use of radium given to control abnormal bleeding
on the suspicion that the bleeding 1s functional or due to fibroids,
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It is interesting to obscrve how closely Meigs’ experience from the Massachusetts
General Clinic parallels that of Telinde at Johns Hopkins concerning the explana-
tion of postmenopausal bleeding.
Meigs Telinde
(MGH) {Jolms Hopkins)
Due to cancer of the cervix 40 per cent 32 per cent
Due to cancer of the fundus 20 per cent 15 per cent
Due to other causes 40 per cent 53 per cent (8 per cent
Cancer of Ovary)

Thus there is an even chance that the cause of postmenopausal bleeding will
be found in the reproductive tract.

Wnex To Do Corerrace

Inasmuch as Taylor found several instances of late development of carcinoma
after a previous curettage, one after 16 years, he is of the opinion that it js im-
portant to regard a single instance of vaginal bleeding as significant enough to
call for investigation. It is impossible to place a time element on it. Ewing
observed that the progression rate of the disease varies so that early recognition
is difficult. Waldstein finds that the cases of endometrial carcinoma fall into 2
groups. If they are observed during the first year they tend to be localized and
operable; beyond that period they are advanced and inoperable.

It is, therefore, important to make a diagnosis early. Curettage can hardly be
avoided, for it is the sole means of any accuracy at hand by which a diagnosis
can be made, yet Miller found that 72 per cent of s series with a history of
postmenopausal bleeding had never had a curettage. This was also true in 65
per cent of the premenopausal group Scheffey had the same experience. Perhaps
thus does not Tepresent neglect, but medical schools have taught for years that

postmenopausal bleeding should be regarded as due to carcinoma of the uterus
unti] proved otherwise.

EnponETRIAL Bropsy

It 15 often possible to make a diagnosis of carcinoma of the endometrium at
the trme of the office exammation The endometrial biopsy should be regarded
as a substitute for diagnostic curettage. A positive specimen 1s a definite finding

but a negative report means only that no malignancy was discovered in that
material.

VAGINAL SMEAR

The same observation may be made for the vagmal or Papanicolaou sme;
The reports have less accuracy than for carcinoma of the cervix, A dia; ?r
error of 265 per cent was noted by Graham among 118 cases of.cimc . gnEOS}:c
endometrium It 15 fair to pomt out that these figures are based on the coretion
frm‘l}l] i(lllelvag]i;aé pgul. This method was chosen on the theory that sor:?:;;’]‘:
method should be devised that did not requise special ins i
an cou](} easily be followed by the gener;ll pracgtioner. \{7].}[::: ’;::;se ;Ir)zrtle]r:ce
Y a suction apparatus, as suggested by Bourgeois and Cary, the accuracy is xsuzl‘i
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not recognized prior to the operation, and in 15 per cent it was totally unsus-
pected. This was particularly true where fibroids were found in association with
mtra-uterine cancer. The same may be said for uterine polypi. This tendency to
regard abnormal bleeding before the menopause as due to fibroids occurs con-
tinually In recent months an obese woman of 48 entered the hospital as an
emergency because of a massive hemorrhage associated with excruciating cramp-
like uterine pain, Examination revealed a markedly dilated cervix and an orange-

Fic 12 —Endometnal polyp (benign) ansing at the cornua

sized prolapse of a submucous fibroid. At curettage carcinoma was found in the
uterme fundus.

CURETTAGE IN POSTCLIMACTERIC PERIOD

In the postmenopausal era there can be no question that curettage is indicated
when vagmnal staming, spotting, or sudden gushing appear after any appreciable
period of amenorrhea. Many cases go undiagnosed for months because of the
failure to appreciate the significance of this symptom. Many physicians reassure
the patient that menstrual function has returned which the patient is pleased to
believe

Sampson, because of the possibility of the spread of mabgnancy through the
tube, beheves that curettage may be harmful, but there is some evidence by
LeClerc and others that the tubes may be closed m the postmenopausal group
where carcmoma 1s found. Moreover, all postmenopansal bleeding is not due to
carcinoma However, the fact that 50 per cent of postmenopausal bleeding 1s due
to uterine cancer is sufficient to regard such a history as suspicious of malignancy.
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1t is interesting to observe how closely Meigs’ experience from the Massachusetts
General Clinic parallcls that of Telinde at Johns Hopkins concerning the explana-
tion of postmenopausal bleeding.

Meigs Telinde
(MGH) (Johns Hophins}
Due to cancer of the cervix 40 per cent 32 per cent
Due to cancer of the fundus 20 per cent 15 per cent
Due to other causes 40 per cent 53 per cent (8 per cent
Cancer of Ovary)
Thus there is an even chance that the cause of postmenopausal bleeding will
be found in the reproductive tract.

Waes To Do CURETTAGE

Inasmuch as Taylor found several mnstances of late development of carcinoma
after a previous curettage, one after 16 years, he is of the opinfon that it is im-
portant to regard a single instance of vaginal bleeding as significant enough to
call for investigation. It is impossible to place a time clement on it. Ewing
observed that the progression rate of the discase varies so that early recognition
is difficult. Waldstein finds that the cases of endometrial carcinoma fall into 2
groups: 1f they are observed during the first year they tend to be localized and
operable, beyond that period they are advanced and inoperable.

It is, therefore, important to make a diagnosis early. Curettage can hardly be
avoided, for it is the sole means of any accuracy at hand by which a diagnosis
can be made, yet Miller found that 72 per cent of his series with a history of
postmenopausal bleeding had never had a curettage. This was also true in 65
per cent of the premenopausal group. Scheffey had the same experience. Perhaps
this does not represent neglect, but medical schools have taught for years that

postmenopausal bleeding should be regarded as due to carcinoma of the uterus
until proved otherwise.

ExvoMeTRIAL Bropsy

1t is often possible to make a diagnosis of carcinoma of the endometrium at
the time of the office examination. The endometrial biopsy should be regarded
as a substitute for diagnostic curettage, A positive specimen is a definite finding

but a negative report means ouly that no malignancy was discovered in that
material.

VACINAL SMEAR

The same observation may be made for the vaginal or Papanicolaou smear.
The reports have less accuracy than for carcinoma of the cervix, A diagnustic'
error of 26,5 per cent was noted by Graham among 113 cases of cancer of the
endometrium It is fair to point out that these figures are based on the secretions
from the vaginal pool. This method was chosen on the theory that some simple
method shuulfl be devised that did not require special instruments or e.\'pen‘ex?ce
:nd could easily be followed by the general practitioner. Where smears are taken

¥ @ suction apparatus, as suggested by Bourgeois and Cary, the accuracy is much
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not recognized prior to the operation, and in 15 per cent it was totally unsus-
pected. This was particularly true where fibroids were found in association with
intra-uterine cancer. The same may be sard for uterine polypi. This tendency to
regard abnormal bleeding before the menopause as due to fibroids occurs con-
tinually. In recent months an obese woman of 48 entered the hospital as an
emergency because of a massive hemorrhage associated with excruciating cramp-
like uterine pain. Examination revealed a marhedly dilated cervix and an orange-

wETER
1

Fic 12 —Endometnal polyp (benign) arising at the comua

sized prolapse of a submucous fibroid At curettage carcinoma was found in the
uterme fundus

CurerTAGE 1IN PosTcLiMACTERIC PERIOD

In the postmenopausal era there can be no question that curettage 1s indicated
when vagmal staining, spotting, or sudden gushing appear after any appreciable
period of amenorrhea Many cases go undagnosed for months because of the
failwe to appreciate the sigmficance of this symptom. Many phystcians reassure
the patient that menstrual function has returned which the patient is pleased to
believe.

Sampson, because of the possibility of the spread of mahgnancy through the
tube, believes that curettage may be harmful, but there 1s some evidence by
LeClerc and others that the tubes may be closed in the postmenopausnl group
where carcinoma is found M , all p j2 1 bleeding is not due to
carcinoma However, the fact that 50 per cent of postmenopausal bleedmg is due
to utenme cancer is sufficient to regard such a history as suspicious of malignancy.
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carcinoma, Where the curettngs are polypoid in type, however, lh'c strips may
break up, and when the finger is run over them they break up and (hssnh"l: mnc.h
as does carcinoma, In this instance, only the microscope can make the diagnosis
which cven then may be open to question, ) )

Cure by Curettage. Vogt found 22 cases reported in the literature where the
cancer of the endometrium was believed to be eured by curettage. Such cases
are beginning to appear in the literature, particularly where there h.ns been a
history of prolonged estrogen therapy. Perhaps these cases helong with lhc. 44
cases studied by Novak, where the diagnosis of carcinoma of the c:ndomctrmm
was greeted with some skepticism. The corollary to this, however, is the report
by Taylor that 19 per ceat of 152 cases of carcinoma han‘l had at len.st one curet-
tage prior to admission to the hospital for cancer. Carcinoma was in all proba-
bility present at the time of the first curcttage. ) )

Frozen Section. The problem in the postmenopausal group is not so dlmC}I‘k
provided the curettage is complete. Where the present trend of preoperative
radiation is in vogue, the diagnosis must be made on the frozen section of tissue
removed at the time of curettage The diagnosis may often be made on the gross
appearance of the curetted tissue which 1s usually white or colorless, crumbling,
granular, and hard. Where doubt enists, it is better not to rely completely on
the frozen section but to wait for the permanent paraffin section Radium thempy
as a preliminary step to subsequent surgery or as definitive treatment follows the
report of the frozen section .

The greatest element of doubt in grossly carcinomatous curettings comes in
the differential diagnosis of adenocarcinoma versus adeng-acanthoma. This is an
extremely difficult decision when based on frozen section examination. Inasmuch

as adeno-acanthoma is resistant to radiation, permanent sections are desirable.
As a climeal note, it is suggested that the gloved finger will detect a greater
resistance to the adeno-acanthoma, with less tendency to disintegrate than is
encountered with adenocarcinoma.

Climcal Observation The Clark test for carcinoma of the fundus has stood the
test of time and may be 2 helpful adjunct to curettage This depends on the
observation of profuse bleedmng from the canal when the uterine probe is with-
drawn.

Sampson has pomted out one danger of curettage in that through manipula-
tion earcmomatous tissue may be forced through the tube to be implanted on
the ovary or perttoneum Gentle curettage is, therefore, indicated to overcome
this danger and to prevent perforation of the uterus erther by dilators or curette,
Where perfofatiun is known to have occurred, the surgeon need not be stampeded
into performing an immediate hysterectomy for this reason alone. It 1s well, how-

ever, to discontinue the curettage. Radium should never be given at this time.

The curettage should be methodical and complete. Every surgean has had the
expertence of missing a carcinoma lurking in the cornma of the uterus. A flat
polypoid growth may also be overlooked when it occurs at the top of the fundus,

1t is an excellent practice to follow the curettage by exploration of the
cavity with a common duct forceps in order to
growth which has rolled away from the curette

Etaluation of Cavity Inasmuch as we are asked to determine radium 1n can-

uterine
pick up an oceasional polypord
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greater. The same point of view should be estended to the vaginal smear that
one employs m the biopsy reports A positive smear should be regarded as sig-
nificant, a negatne finding means nothing

Locavrizatiox By LiriopoL

Inasmuch as radiation therapy both as an adjunct to surgery and as a complete
treatment is considerably handicapped by the inability to localize the carci-
nomatous area within the uterus by other than diagnnstic curettage, it has
been suggested by LeClerc that r aplue localization is possible through
the injection of the radopaque medium, llpmdo] into the uterine ¢ cavity. Recently
Kaplan has adopted this method as a preliminary to the insertion of a newer
type of intracavitary radium applicator The disadvantages are obyious 1f Samp-
son’s observations are correct, that malignant epithelim may be forced through
the tubal ostia mto the peritoneal cavity. All authors stress gentleness in the
manipulation meident to curcttage in order that disease may not be forced into
the lymphatics. LeClerc believes as the result of a considerable series of lipiodol
studies on this type of patient that the tubes of patients in the postmenopausal
group are not patent No pressure is exerted, of course, and just enough dye is
injected to outhne the utenine cavity The advantages of the procedure aie
obvious The diagnosis must still be made by curettage but the localization of
the tumor 1s of great mportance if any reliance 15 to be placed on rachation
therapy

Tue CURETTAGE

Because of a variety of ctiologic causes evisting prior to the menopause the
presence of abundant curettings has less diagnostic sigmficance than the same
findmgs after the menopause. The curcttings should be carefully examined by
runming the finger over them gently It is well to collect the products on moist,
fine meshed gauze lest the material become entangled m the coarse mterspaces.
Should the particles appear in chunks, showing evidence of necrosis, the products
of conception may be suspected Orgamzed blood clot suggests retamned mem-
branes

Polyp: often are dislodged intact and are easily recogmizable, They are found
about eight times as frequently in the carcinomatous as in the normal uterus
Rarely are they confused with carcinomas for polypi tend to have a defimte form
and are by and large firm, pmk, and smooth compaied to the whitish crumbling
curettings of carcmnoma The confusion may anse from associated hyperplasia

Hyperplasia itself, particularly in the reproductive penod, 1s the most con-
fusing, frequently calling for the highest degree of acumen m order to differen-
tiate 1t from carcinoma Hexe there 1s a real possibility of error As Novak observes,
marked proliferation, with an extreme adenoma-like pattern and active stroma,
coupled with stratification of the epithehum, so closely resembles carcinoma
that 1t 1s the part of wisdom to err on the side of hysterectomy rather than take
the chance of causig a tragedy by further observation of the case. This is espe-
cially true where hormone therapy has cntered to cloud the histologic picture

Gross Examination In gross the curettings are abundant and usually come
away m long stups which are smooth, firm, and piuk, not casily confused with
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As a final word of caution it wonld be well to stress the fact that (a) where
there is any doubt it is better to err on the diagnosis of malignancy, hence the
remark of the emnnent pathologist, Meyer, quoted by Novak, “Nicht Carcinoma
besser heraus” (b) Where the final conclusion is reached that the tissue is
benign and observation is to be the course for the future, it is important to regard

Fic 14 —Fibroid at the cormua No carcinoma, but distorti is
3 tortion of the canal is evi
tadiation distrbution is impossible. evident. Umfom

any future bh:eding as a violent danger signal calling for treatment at once
In too many instances such bleeding has been ignored because of a pre\'iou;
negative curettage, the more recent the more dangerous,

DIFFERENTIAL DIAGNOSIS

adenoceinoma of the merme Ty b of cemose Horing. The oo
ly is, of course, bleeding. The dia i

{)};::lfi:re,‘ vl;]e;;mes complicated by the variety of causes forgabnoxmgl E:;J::ex
mminoﬁ] wwhich zfxfpears klo have a predilection for the same age period in which
o equently {ou‘nd,‘Except for an irregular menstrual pattern and
2 de a)n' - eﬂr:apa&se there is little in the history to differentiate carcinoma
b esﬁ{'e Pa e oth er causes of menstrual disturbance, and these findings ar

28 pathognomonic. Unless the disease extrudes from the cegrvicai
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cerocidal doses to a carcinoma we cannot see, 1t is important to gain as complete
a knowledge of the size and contour of the uterine cavity as possible. Not infre-
quently the uterme cavity 1s found to be distorted by the presence of a totally
unsuspected submucous fibroid which militates against the proper application
of radium and may argue for immediate hysterectomy. Usually, if the minimal
bleeding is due to fibroids or causes other than carcinoma, the curettings will be
scanty 1n amount, unless they are complicated by hyperplasia, While the cervix

Fic 13 —Extensive uterme cavity, huge fibroid Localized carcinoma at one comua. This
demonstrates the difficulty of uniform radiation and the Iikelihood of mischagnosis through
‘farlure of nterpretation of bleeding source.

is often found to be open and the canal deeper and more irregular in the presence
of a submucous fibroid, it must also be borne m mind that the two not infre-
quently coexist and the curet may have difficulty in dislodging carcinoma which
is hidden 1n the cornua above a submucous fibroid
Clinical Suggestions In order to avord mustakes in diagnosis following a curet-
tage, Taylor suggests that.
(1) All curetted material, howeser small, be saved for histologic exammation
(2) An mcomplete curettage is not enough, for a small carcinoma, particularly
at the cornua, may be overlooked
(3) In a suspicious case single pathologic sections are not enough, for the
microtome may pass over the particular portion containing the carcinoma.
(4) In certamn types of histology the differentiation is so highly controversial
that multiple serial sections may be required before a defimte dragnosis
can be made,
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As a final word of caution it would be well ta stress the fact that (a) where
there §s any doubt it is better to err on the diagnosis of malignancy, hcn?c the
remarh of the eminent pathologist, Meyer, quoted by Noval, “Nicht Carcinoma
besser heraus” (1) Where the final conelusion is reached that the tissue is
benign and observation is to he the course for the futare, it Is mporlant to regard

Fic 14.—Fibrod at the comua No carcinoma, but distortion of the canal 1s evident Uniform
1 Tistrl bl

any future bleeding as a violent danger signal calling for trcatment at once.
In too many instances such bleeding has been 1gnored because of a previous
negative curcttage, the more recent the more dangerous

DIFFERENTIAL DIAGNOSIS

The predominant symptom suggesting the possibility of the presence of
adenocarcinoma of the uterine body 1s, of course, bleeding, The diagnosis,
therefore, becomes complicated by the variety of causes for abnormal uterine
bleeding which appears to have a predilection for the same age period in which
carcinoma 15 so frequently found Except for an urregular menstrual pattern and
a delayed menopause there is Iittle m the history to differentiate carcinoma
from any of the other causes of menstrual disturbance, and these findings are
suggestive not pathognomonic. Unless the disease extrudes from the cervical
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canal or implants appear on the vaginal vault, the physical examination is
unlikely to give any working clue to the diagnosis of endometrial carcinoma,

Rrcocxrrion or Diseask

The disease is usually recognized n one of three ways: (1) upon the gross
findings of tissue removed at curettage and confirmed on frozen section, (2)
upon immediate examination of the uterme cavity of a uterus removed at
operation, and (3) upon the late reports of permanent pathologic sections of
the extirpated uterus. Only one of these sources, the curettage, permits a
properly planmed attack upon the mahgnaney The others are concerned with
how to salvage as much as possible from a procedure carried out without
complete information.

It 15 thus important to keep uppermost i our minds the fact that abnormal
uterme bleeding both before and after the menopause may be due to carcinoma
until this diagnosts 15 properly excluded. If we consider the possibility, fewer
trageches will result, for example, from the discovery of a totally unsuspected
carcinoma in a patient who has been carried along on hormone therapy without
a definite preliminary diagnosis,

TREATMENT wrTHOUT CURITTAGE

More attention should be paid to the admonitions of those famihar with the
disease that without such a diagnestic procedure, hormone therapy should be
used sparmngly, if at all, 1n this premenopausal age group, particularly if there
is any reason to suspect, from the famuly history for example, that carcinoma
mught be induced by its use. Likewise too much roentgen therapy is given for
abnormal bleedings without the benefit of a prelimmnary curettage. Surgeons
have long recogmzed that it 15 wise to have any uterus removed at operation
examied at the table before the abdomen is closed, but too few make it a
routine practice

Attention is called to these observabions because uterine malignancy 1s too
frequently uncovered accidentally Before considenng the differential diagnosis
of abnormal uterine bleeding we must first consider the possibility of malignancy
of the uterus,

ABNORMAL BLEEDING

Carcinoma of Cervix It is impossible to discuss the causes of abnormal uterine
bleeding in relation to endometrial carcinoma without first ruling out the cervix
as a source It has been shown that carcinoma of the cervix occurs approximately
eight times more frequently than fundal carcinoma The proliferative lesions of
the cervix are fauly obvious, and such duagnostic aids as the vagmal smear
and biopsy confirm the diagnosis But not all carcinomas of the cervix manifest
themselves externally Some will arise within the endocervix and be unsuspected
on direct 1nspection Curettage and biopsy of the endocervix are, thercfore,
imperative in the face of unexplamed uterine blecding.

While we keep firmly 1n mind that abnormal uterine bleeding may be due to
carcinoma, 1t is obvious that malignancy as a cause will be found infrequently
even after the menopause. Gardner has evolved a working outline for the
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consideration of the ctiology of uterine bleeding, Tt is assumed that bleeding
is coming from the uterine canal and that carcmoma of the cerviv has been
excluded.

Functional Bleeding. Among the medical causes of abnormal uterine bleeding
the various forms of metropathia hemorrhagica are legion. An improper balance
between estrogen and progestin seeretion may result in the persistence of a
proliferatne phase of the endometiium or frank hyperplasin. These patients
bleed irregularly and often persistently.

Avother form of endoerine 1mbalance can b traced to a disturbed thyroid
function. A truly myvedematous patient will in all probability have amenorrhea,
but where the basal metabolic rate, confirmed by cholesterol determinations, is
found in ranges from —15 to —40, bleeding 15 apt to be profuse at the time of
the period

Though biceding from the nasal mucous membrane and gastro-intestinal
tract may indicate the possibility of discases of the blood-forming organs such
as thrombocytopenic purpura and acute leukemia, it is well to remember that
vaginal bleeding may be the first symptom Exammation of the blood smear
may serve to establish the diagnosis, provided the patient 1s not in a remission.

Inflammatory adnexal patholagy may be sufficient to stimulate the ovary to
abnormal function and thus produce abnormal uterine bleeding. Where such
bleeding occurs, tubo-ovarian abscesses are not infrcquently present and may
be recognized on pelvic and rectal examination, The uterus is generally fived
and the outlines of the uterus and adnexa obscured.

Tumors of the ovary, both bemgn and malignant, frequently produce uterine
bleeding either through indirect effect on the endometrium as noted when
fibroma, theca- or granulosa-cell tumors are piesent, or by producing actual
metastases to the endometrium from a primary carcinoma m the ovary. Three
per cent of the postmenopausal bleeding in Telinde's series was due to ovarian
carcinoma  The coextstence of carcinoma of the endometrium and theca-cell
or granulosa-cell carcmoma has already been commented upon,

A diagnosis may be suspected 1if adnexal masses are palpable but flequentlv
they are small Banner and Dockerty found that they were rarely larger than
12 em and may be as small as 3 ecm. with an average of 6 cm. Smith and
Hertig note the presence of cortical granulomas responstble for uterme bleeding
within a normal sized ovary. Because the uterus is commouly enlarged it may
not be possible to distinguish uterme from adnenal enlargement, *
C(fmplu‘ations of Pregn{mcy. Such complications are rare in the e:
ductive period but are not 1r.1frequent as the menopause 1s appioached, A
threatened or mecomplete abortion may simulate carcimoma of the endomet:

i that the uterus 1s enlarged and the cervin patulous, soft, and bo Ex i
tion of extruded particles or the findings on endometral biopsy ma giy. nmlma-
establish the diagnosts, but frequently curettage and micr()),sc(;); et 0
necessary. The same may be said for ectopic pregnancy. F Rt o tu:e
y- Fortunately ectopi
pregnancy m women close to the menopause is a rare finding, but . pN
cm;::lr:ﬁl:f;l;f] \ltlllfeo ::donzflnlum may lbe present in the thirhes., conversely
. and chorio-epithehioma are rare they do exi
produce prolonged and protracted uterine bleeding. Tlle}; uteruslsits ﬂenn(ll e

arly repro-

Xy
arged
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and often iregular with frequent and appreciable enlargement of the adnexa,
Chorionepithelioma may develop following a mole, incomplete abortion, or
more often a normal pregnancy. Gardner points out that curettings are often
misleading in attempting to differentiate a hydatid mole from a chorionepi-
theli In many xamination of the utermne wall is necessary. Again
both of these entities are rarely found n the immediate climacterie period, but
carcinoma of the endometrium may occur carly. As an cxample, six years ago
a 86-year old woman had had a pregnancy complicated by a mole. Two subse-
quent normal deliveries followed, but during the last eight months before a
supravaginal hysterectomy was done for an irregular fibroid uterus, a chorio-
carcinoma was found unexpectedly in what appeared grossly to be a fibroid
uterus. This will serve to illustrate the value of opemng every extirpated uterus
at the operating table. Not having done so, the surgeon is faced with the
problem of the proper management of the retained cervix and ovaries,

Benign and Malignant Tumors of the Uterus. Adenomyosis produces an
enlargement of the uterus with attendant fixation of the broad and uterosacral
ligament, particularly if the external form of endometriosis accompanies the
intra-uterine growth Dysmenorrhea that continues throughout the menstrual
peried 1s a helpful diagnostic symptom. Inasmuch as hyperplasia, adenomyosis,
and cancer have the property to invade muscle, adenomyosis has been advanced
as an etiologte factor m endometral cancer With the associated hyperplasia,
bleeding 1s frequently profuse and prolonged

Submucous fibroids are prone to produce a type of bleeding which is both
profuse and gushing m character, findings commonly obscrved with carcinoma.
Novak finds that the cervical canal 1s not uncommenly patulous in the presence
of a submucous fibroid

Other fibroids do not of themselves produce bleeding, rather they may be
produced by the same source that gives risc to the endometrial hyperplasia
or other stmulated utermne cpithelium, which m time does bleed and often
profusely and protractedly The pitfall in diagnosis 1s to consider the symptom
as due to the fibroid. This 1s particularly true after the menopause unless the
tumor is pedunculated and necrotic It 1s far healthier to consider that the
bleeding 1s dary to a carcinoma or sarcoma The same may be
said for uterme polyps.

Sarcoma of the uterus 1s found only rarely, m perhaps a frequcncy of 2 per
cent of all malignant tumors of the uterus If carcmoma of the cervix appears
exght times more often than carci of the end rium, then the latter
is about eight times as common as sarcoma From its history and physical
appearance the differential diagnosis between sarcoma and carcinoma may be
impossible. The uterus is frequently enlarged and soft and 1s often confused
with a y or a d atmg fibroid. The differential diagnosis from
carcinoma depends on the micmscope

Other Causes. Followmg injury to the cervical canal, and often in the
chmactenc pcnod stenosis of the uterine canal produces a pyometra o1 hema-

' ith cramps and a gushmg type of uterine
and malodorous, Previous intra-uterine

. »duces this type of pathology. Particularly
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in the postelimacteric period the two may cocsist with carcinoma of the endome-
trium,

Tuberculosis of the endometrium may produce irregular profuse vaginal
bleeding even in the age of the menopause and the symptoms may be mistaken
for carcinoma. Whereas it is ¢ ly found in iation with tuberculous
imolvement of the tubes, it may appear as isolated pathology within the
endometrium.

Hormonal therapy is in such widespread usage that constantly recurring
confusion m differential diagnosis is rampant. Bleeding occurs both from
withdrawal of the drug as well as its prolonged administration. The altered
lustologic pattern is so variable following estrogen administration that experi-
enced pathologists are frequently at a loss to make a diagnosis. Hysterectomy
following uncertain pathologic opmion is not uncommon. In defense 1t is better
surgical judgment to err on the side of removal.

GROSS PATHOLOGY
Tyres

Inasmuch as the uterine cavity 1s lined by mucous membrane made up of
simple columnar type of epithelium containing numerous glands that extend
more or less deeply mto the musculature, it is not surprising that carcinoma of the
endometrium may arise anywhere within the uterine cavity, It arises as a rule
where the endometrial lining is thickest, namely, at the top or fundus of the
uterus and usually at one cornua, but it may arise just above the internal os.
The disease may originate in one of two ways: It may appear as a solitary area
which may then remain local or spread over the rest of the uterine cavity or it
may arise primanly over a wide area.

Circumscribed. In all probabulity carcinoma of the endometrium arises in a
sharply circumscribed area at least during its early phases. The first indication
according to Ewing, appears as a slight thickening of the mucosa in one aren?
Slowly the growth enlarges toward the uterme cavity with a tendency to form
papillary or polypoid projections which may be sharply demarcated from the
rest of the mucosa Grossly they appear as flat velvety lesions which have a
tendency to be pedunculated It is this sort of lesion that 15 removed at th;
time of curettage and found to be the only site of malignancy 1n the ‘entire
hysterectomized uterus. Obviously a cure would not be accom
tage, but removal of the uterus will certamly eradicate the
question the pathologic interpretation of the specimens from curettage in such

t: but Novak collected 85 authenticated cases from the hterature wh
such polypoid growths were proved to be the ouly areas of cancer i tel:e
removed uterus. It serves to emphasize the localized nature of the tum l;‘l .
15 a tendency to consider carcinoma of the endometrium as a si ]m-d' o
entity whach 1t obviously 1s not. This fact is emphasrzed fro[n th e

| -t he nature of th

growth from this small begmnmg As the circumscribed N
commonly contiues to extend into the uterine cavity to bes o Brows, 1t
growth which may even distend the cavity. On the oth C"}ine a large bulky
n its normal progression, instead of A er hand, the disease
expanding into the general wterine cavity,

plished by curet-
disease. One may
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may mvade the musculature ecarly, extending along the vessels to the scrosa,
as reported by Ewing The actual presenting tumor may be small This type
of extenston may be found within an adenomyoma, giving rise to diffuse infiltra-
tion thioughout the muscle wall while the endometrium demonstrates only
moderate mvolvement The fact that these foer may be multiple within the

[

Fic 15 —Extensne papilluiry outgrowth filling the cavity without mvohing the musculature

same uterus lends background to the mmpiession that many carcinomas of the
fundus arise from sharply localized areas.

Diffusc While many adenocarcimomas remam local even m the advanced
stages of the disease, others spread to mvolve a wide area or at times the entue
mmer cavity. It 1s hard to know whether spread has taken place fiom a point
source or whether the lesion arose sumultancously throughout the mucosal lnng
Heurlin, quoted by Ewmng, found the diffuse type of tumor to be about twice
as common as the crrcumsenibed form, About 50 per cent will show more than
one-half of the entire mucosa 1mvolved m disease.

Grossly one encounters a markedly thickened endometrrum with rregularly
placed polypoid arcas of varying sizes There is a marked tendency to super-
ficial ulceration and often frank necrosis as though the disease had outgrown
1ts blood supply. Again, as i the circumseubed type, extensive surface mvolve-
ment may be noted with little mvasion of the wnderlying musculature, Con-
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versely, broad areas of imasion may be encountered, varying in depth of
penetration, but often reaching the serosa of the peritoneal covering. In such
cases the uterus becomes diffuscly enlarged up to two or three times its normal
size. In the absence of fibroids the uterus remains symmetrically enlarged until
subserous imasion by tumor is encountered. These may appear beneath the
serosa as firm white nodules. Rupture may take place with dissemmation of
cancer cells throughout the pehie peritonenm.

s
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Fic 16 —Extensne superfical growth myolving the entire caity, including the endocenic

MANNER OF SPREAD
In this manner the disease tends to nyolve adjacent structures such as the
bladder and rectum, leading to the extreme manifestations of bladder and recta]
fistula formation. Extension of the disease beyond the uterus other than by
direct mvasion takes place rather late 1n the disease and gen
ase 2 erally o
the following five channels. § ¥ oceurs through
(1) Lymphatics
(2) Fallopian tubes
(8) Blood stream
(4) Surface implantation
(5) Peritoneal cavity
As long as the disease remams confined to the cav.
tendency to wvolve the lymphatics, but as soon as the
or the tumor has reached the perit
extension 1s slow compared with that encountered in o
believes that the discrepancy lies 1n the differe:
as m the growth potential of the ndividual

1ty itself there is little
muscle becomes invaded

ervical caremnoma, Randall
nt lymphatic drainage as much
tumor, Before proceeding with
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a discussion of the natural spread of the disease one should review the lymphatic
drainage of the uterus.

Lymphatic Drainage. Within the uterus, Iymphatics are found runming from
the endometrium lorizontally to i with a longitudinal network
extending from the fundus of the uterus to the cervix. These in turn dram mto
collecting channels which form along the lateral sides of the uterus beneath
the serosa Dissemination then may follow several channels. Extension com-
monly takes place along the upper portion of the broad ligament where free
anastomosis takes place between the tube and the hilum of the ovary, before
proceeding to the pre- and lateral aortic nodes on the left and the pre- and
lateral caval nodes on the nght, and thence to the kidney area. It is possible
that the penetration may take place into the channel of the lymphatics following
the course of the round ligament to involve the superficial inguinal nodes. This
communication is less nich in anastomotic branches, and the common method
of spread follows the main channel in the upper broad ligament. It is thus
obvious that the route chosen for extension depends for the most part on the
site and extent of the tumor within the uterus. Thus cancer desveloping, as 1t
most frequently does, at the fundus of the uterus, will follow the above method
of spread Where the disease arises in the central portion of the body of the
uterns, the extension n all probability will be to the transverse ramification of
the lymphatic bed to follow the course of the ureter and uternne vessels and
wvolve the ureteral, iliac, obturator, and hypogastric nodes Intercommunication
takes place with the lymphatics of the cervit and vagina, with free exchange
with the channels found around the bladder and rectum. Thus a growth situated
1 the lower portions of the uterus may be expected to follow the same pathway
m 1ts lymphatic spread as cervical carcinoma does, but with considerably less
readiness Carcinoma ansing on the posterior portion of the body of the uterus
may extend into the posterior plexus coursing along the uterosacral ligaments
to communicate with the rectal lymphatics and hence to the promontory of the
sacrum.

Involvement of Parametrium. Once carcinoma has involved the lymphatics
and spread beyond the confines of the uterme cavity, 2 new stage mn the disease
has been reached The parametrium then becomes involved, either by direct
extension of the growth on one or both sides, or by the lymphatic pathways
outlined When this will take place depends on the type of tumor and its
location within the uterus. Parametnal fixation does not of jtself mean 1nvasion
by tumor, for it may be thickened where no disease 1s present Necrosis of the
tumor within the uterus may produce an inflammatory reaction withm the
lymphatics and nodes of the parametrium which may simulate malignant
involvement. On the other hand, Ewing has found the parametria to be mvaded
by cancer mn the fine lymphaties without involving nodes. Thus the parametria
may serve as a check on the disease. A widespread surgical removal of the
parametria should, theref T the prognosi:

When the man lymphatic channels are reached, and this usually occurs late
in the course of the disease, metastases may be expected to extend to regional
nodes and more distantly to lung, hver, and bone.

There is a striking tendency, however, for the disease to remain local without
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extension to the nodes, even in the face of extensive local malignancy. Ewing,
from obscrvations of postmortem specimens, found the regional nodes to be
free of discase in 66 per cent of the fatal cases.

Involeement of Cerciv and Vagina. The possibility of retrograde Iymphatic
spread to the cervix and vaginal mucosa cannot be overlooked. Involvement of
the cervix may take place by direct extension through the cervical canal to
present at the evternal os as a friable polypoid growth often confused with
an endometrial polyp. Novak has observed that benign polypoid hyperplasia
restricts itself to the area above the internal os, but carcinoma knows no such
physiologic barrier. The cervix and vaginal mucosa also become involved by
lymphatic extension. Carcinoma of the endometrium is not infrequently a disease
of the entire uterus and this fact supports the contention that suprasaginal
hysterectomy has no place in the treatment of cancer of the uterine fundus.
Imolvement of the vaginal mucosa, while commonly found at the fornix of the
vagina, may appear at single or multiple isolated spots in the lower vaginal
canal, which suggests retrograde lymphatic spread rather than implant metastases,
Such metastases are not infrequently found around the urethra and may appear
as the first indication of the disease. Meigs found 12 per cent with vaginal
metastases among 206 cases of endometrial cancer. This conforms to Strachen’s
observations from England where 12 such instances were found among 90
cases Smith found 6.3 per cent among 365 cases with a strikingly similar
figure of 55 per cent after treatment by radium. All agree that such manifesta-
tions indicate advanced disease with a dcﬁni(ely poor prognosis. Many writers
have considered such metastases as surface implants, but Wallis voices the
opmion of most authors when he doubts whether such grafting of tumor on
the vaginal surface ever occurs Meigs agrees that these metastases are without
question secondary to lymphatic infiltration rather than surface plants, but adds
a note of caution as to injudicious }mndling of the uterus during operation,
lest tumor particles be squeezed into the lymphatics or forced from the uterine
cavity to become implanted upon fresh raw surfaces at the operative site.

Spread by Fallopian Tube. Willis and Sampson stress the need for extreme
gentleness in manipulation of the uterus at the time of
curettage, and hysterectomy for another reason, namely, that tumor particles
may be forced mto the lumen of the tube to become implanted on the ovary
or peritoneum. Sampson felt so strongly about the possibility that for some eriorz]
of ime he advised that no curettage be done. This pomt of view was abzml:ioned
when 1t was realized that :\cc'umke diagnosis could not be expected without
a curettage, but Sampson continued to advise, as do others, that the tubes b
hgated as the first intra»abd(.)mfnal step in removal of the uterus, Willis believes
that i the reproductive period uterme contractions forced into the tubal 1
tumor particles which the cilia of the tubal eptthelium were not st  eimen
to resist This was particularly true »f for one reason or another thmng e'rmugh
was occluded or retroversion was present Forceful manipulati e Cervxc‘ﬂ. os
of curettage or surgical removal woul, pulation at the time

There appears to be httle doubt in

foreign observers that cancer cells m

i the presence of adenocarcinoma

pelvic exammation,

d be contributory,
Sampson’s mind and in the minds of

2y be found lying free in th
of the endometri hout the !
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of malignancy within the tube itself or in the lymphaties leading to it. Reichel
first reported such findings in 1888 with confirmation forthcoming from V. Frague,
Sitzenfrey, and later from Sampson and from Offut Wallis quotes 3 instances
where such implants were found on the ovary where muscle invasion was
minimal and no lymphatic penetration noted in the broad ligament and meso-
varlum. Offut suggests that such a routine of dissemmation is possible, for
out of 53 cases sclected from the Mayo Chnic records for intensive stady, 15
showed secondary involiement of the tubes with cancer cells in the lumen
where the lymphatic and blood vessel channels were normal,

Randall believes that spread in this manner is possible but of ttle importance,
for early metastases may be found deep in the ovary. Such metastases often
have a good prognosts Novak finds the majority of tubal metastases to be
submucosal and interstitial. Arguing against the implant theory, he points out
that even though broken off tumor cells are found withm the tubal lumen there
1s no evdence that such particles implant as cancer.

It 15, therefore, more reasonable to assume that cancer of the endometrium,
ke carcmoma elsewhere, extends by prolferation of tumor cells within or by
permeation along the lymphatics The spread, of course, could take place sec-
ondaty to peritoneal involvement and thence to the ovary but such mplants
are found without involvement of the pelvic peritoneum or even of the serosa
of the uterus If the spread to the ovary were by the blood stream, a higher
percentage of ovarian involvement would be encountered with caremoma of
the endometnium, Such extensions are rare. Novak could find but 7 among 147
cases, and Norns and Vogt 2 among 115 cases of fundal cancer. Lynch and
Dockerty found that 4 per cent of the cases operated upon for cancer of the
endometrium had one or both ovaries miolved with cancer. Actually this is
much less than one would anticipate in view of the free anastomosis among
the lymphatics of the broad hgament and lilum of the ovary.

Spread by Blood Strecam The possibility of the spread of the disease to the
ovary by blood vessel mvasion has been commented upon. It is likewise con-
cewvable that distant metastases to lung, liver, and bone may occur in this
manner. Extension to the bramn has been obsersed without primary im ol ement
of the lung. The evplanation of this phenomenon may be due to evtension
through the azygous venous system to the vertebral veins as suggested by
Batson Wallis believes that such a spread is of but httle chnical iinportance,
for by the time the patient has such distant metastases the diagnosis is obvious.

In rare instances severe back pain has been found to be secondary to vertebral
body involvement in the absence of local symptoms. Distant metastases do not
variably mean eaily demise, for Meigs noted one instance of a known metas-
tasis to the hver, discorezed at the hme of hysterectomy, which prosed to be

d when cholecy y was performed three years later, Brezina and
Lindskog have reported a total pncumonectomy for discrete solitary tumor
of the upper lobe of the night lung. Tlus proved to be a late metastasis from a
carcmoma of the endometrium which had been discovered years before when
a total hysterectomy with remozal of the adnexa had been performed. This is in
keeping with the expenience with malignant disease 1 general and is more
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understandable in view of the known rate of tumor growth in cancer of the
uterme cavity.

Transperitoneal Metastases. The possible mode of spread to the ovary by way
of the peritoneum has been noted. It is a common clinical observation that
ouee the discase lias reached the peritoneum, progression of the fatal course
of the disease is accelerated. Discrete peritoneal implants are found in over
onc-half of the terminal cases.
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It is, therefore, important to consider a few observations which may be helpful
in makimg a diagnosis at the time of operation where the curettage has either not
been done or is misleading,

CLINICAL AIDs
Gross Palpation. The uterus 1s generally two or three times the normal size
and may be soft 1n consistency provided there are no fibrowds present. This
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lack of firmness 1s in contrast to the strong fibrosis common to adenomyosis or
fibroids. The wall may appear to vary 1n thickness, With the uterus opened, the
unmvolved portions of the wall seem to be less thick, Gardner notes a color
change to a deeper red, approaching purple cyanosis, i the uterus mvolved
n carcmoma These observations appear simply as vanations from the evpected
pathology and are in no way pathog ic of end rial inoma., The
basic pathology can be determmed only when the uterus is opened.

Opening the Uterus at Opcration. Gynecologic surgeons with experience have
long smce adopted the routine of having every uterus opened at the operating
table and its nterior inspected, regardless of the preoperative diagnosis or the
type of hysterectomy performed The standard procedure for carcinoma of the
fundus is a total hysterectomy with removal of both adnexa. The unexpected
finding of carcioma in a totally removed uterus where the adnexa have been
left and the uterus not inspected before the abdomen 1s closed is not as inex-
cusable as performmg a supravagmal hysterectomy which, all will agree, should
not be done in the treatment of this disease. With the uterus opened at opera-
tion, the gross appearance of the lining is usually enough to estabhsh a diagnosis
Where polypi are found or doubt exists as to the gross diagnosis, microscopic
confirmation may be obtamed from a frozen section
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MICROSCOPIC PATHOLOGY

Precancenous LEsions

Whether or not carcmoma of the endometrium arises in a hyperplastic
endometrium is debatable. The differentiation is not an easy one, for all
gradations from benign hyperplasia to obviously neoplastic change are found.
Morcover, the two entitics may merge one into the other and have been
reported as coevisting in the same endometrium. There appears to be a definite
group where the pathologists differ widely in their interpretation. The difficulties
in diagnosis are further enhanced where prolonged hormone therapy has been
administered. What activating forces produce the hyperplasia and initiate the
mahgnant transformation may be debatable, but the evidence for unopposed
estrogen stimulation upon a sensitized uterus is strong.

Beniey HypERPLASIA

The etiologic relationship of hyperplasia of the endometrium and carcinoma
has been discussed. Lack of agreement exists among some authors who, finding
evidence of secretory activity within the epithelium, believe that the epithelium
is stimulated but will not agree that it should be designated as hyperplasia
The controversy then arises because of the failure to define the criteria for
the diagnosis of hyperplasa.

The mcroscopic differentiation between carcinoma of the body of the uterus
and benign gland hyperplasia of the endometrium may be difficult, particularly
as the menopause approaches, In the earlier reproductive period this confusion
is less likely to occur.

The gradations occur in varying degrees of prohferation from normal prolifera-
tive endometrium, mild hyperplasia, and Swiss-cheese endometrium to the
markedly proliferative types that closely resemble carcinoma

Mild Hyperplasia, In this instance the changes are minimal with some
tendency to form cystic glandular areas with some evidence of cyclical activity
present in the cells

Swiss-Cheese Type. The typical Swiss-cheese endometrium presents varying
sizes of acim lined by flat cuboidal cells showing only moderate evidence of
proliferation. The chief feature of the pathologic pattern 1s the number of
dilated cystic glands with an abundance of stroma. Further stimulation results
1n an merease in the amount of cystic change and the development of clusters
of small glands throughout the stroma, These glands may dip into the muscula-
ture beyond the normal boundary line of the endometrium. A heaping ;f
epithelial cells lining the glands occurs with extensive branching of I:heg lilIl’ldS
As Taylor has observed, hyperplasia and carcinoma have biologicall. %}'mi]'u:
properties m that a tendency to invasion is noted much as one finds in n};]e ;
osis. On the other hand, these eccentricities on the part of endometrial ]:(me-
plasia should not be construed as evidence of malignancy, Acty lilla Nyper-
believes that there 15 little resemblance between S\viss—cheesey 'endo ot ovak
caremoma, at least in the premenopausal group. etrium and

Proliferative Hyperplasia. As st fon b

0 ) more ¢
heaping up of the epithelium of the glands becomes accentuated,P with 3 ter:léex:};;
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to form cysts of varying shapes and sizes, some of them small and round while
others become elongated, flattened, and distorted, The nuclei may become eccen-
trcally placed within the cell Dark-staining granules are noted and at times
a nucleolus may be found Pathologists suggest that the presence of a defmte
nucleolus is indicative of malignant change. The epithelium itself becomes much
thickened, producing crowding with the impression of many cpithelial
layers and the development of intraluminal papillary projections. These changes
produce the confusion in the differential diagnosis from carcinoma.

Final Diagnosis. The final diagnosis must depend on (1) the irregularity of
the epithelial cells, (2) the presence of abnormal nuclei, (3) the uneienness
in the staning properties of the nuclei, and (4) the loss of the restorative basal
membrane of the glands.

MEeNorausaL HxPERPLASIA

The normal mucosa of a woman in the chmactenic period will appear thin
and atrophic with occasional dilated glands and rather marked fibrosis of the
stroma. Wherever abnormal stimulation occurs the stroma becomes reactivated
and thichened, containing dilated cystic glands with cells of the proliferative
type. It is thus difficult to determine whether the respouse is physiologic or
whether early pathology 1s present, Novak believes that where the glands are
found to be full of an albuminoid type of tr late evidence of hyperestrinism
1s present. Not all are agreed, however, that different portions of the same
endometrium respond in the same manner. Novak and Rutledge studied 44 cases
of benign hyperplasia mistaken for caremoma Hyperplasia differing from benign
Swiss-cheese hyperplasta was noted 1n that there was marked dispanty in the
size and shape of the glands, together with abundant active stroma Varying
degrees of matunty of the individual cells were noted. Such atypical hyperplasia
mght be found 1n localized areas n a field of otherwise benign hyperplasia or
might be uniformly distributed throughout the endometrial hning It js these
abnormal areas of proliferation that cause confusion in the differential diagnosis
from carcinoma, Some authors regard such overly stimulated epithehum as an
extreme degree of hyperplasia while others beleve that they represent malig-
nancy of the pamllary ad lignant type Such find are not Iy
observed where hormonal therapy has been given uninterruptedly. Withdrawal
of estrogen therapy allows the exaggerated prohferative phase to return to
normal and the confusion in diagnasts disappears.

Mamv Types oF CARCINOMA

Microscopically there appear to be three main types of carcmoma of the
endometrium dependent directly upon the type of cell from which each takes
origm. The papillary adenocarcinoma may be traced directly to the prohfera-
tion of the superficial cells of the surface epithelum and are therefore columnar
in type. The adenomatous type of lesions, presenting gland formation, probably
ongmates from the normal endometrial glands as the result of a stimulus from
some source The line of demarcation from the surrounding normal glands is
usnally defimte and the transiton from normal to malignancy is hard to
determine. The extension takes place by displacement of the normal glands,
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which may occur over the entire endometrium or in isolated arcas, for multiple
foci of adenocarcinoma have been reported.

In addition to the main types, a combination of cell types occurs, with islands
of squamous ccll epithelium  extending through the malignant gland pattern
This pathologic picture has been called adeno-ncanthoma. The frequency of its
occurrence varies widely, depending upon whether the pathologist chooses

Fic. 19 —~Adeno-acanthoma of uterus, showing large

epithelinm.

(Novak, E. Gynecological and Obstetrical Pathology and Endocrine Relations, W, B. Saunders
Company, 1940) i

VI

plastic plaques

to call any end({meh‘ium i squamous adenc-acanthoma or
whether th'e designation is determined on the basis of the predominant cell
pattemn Fricke found 75 per cent of 100 cases were adenocarcinoma while 11

per cent were classified as squamous. In our i
o A own series 22 per
acanthoma was found. per cent of adeno-

GraDING OF ENDOMETRIAL CARCINOMA

e differentiation from the normal. The incompl
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or unripe cell showing little tendency to differentiate will thusI;) 1y Il.\alured

the more malignant tumor, e classified as
A pla i

i f;:?m::b%;a(slc t};e w';xl']mus types of malignancy would seem to be logical

a umple The great stumbling block, howeve i
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is ev 1dent that dlﬁer?ﬂ[ degrees of differentiation a;e to be found“fs when 1t

izctlons Orﬁj:\'en \Yxthm the same section. Thus there is a tendenc tl;n Segﬂmte
mor on the basis of the predominance of the most malignant e]Zmen%lr;l‘e ﬂ]f

esent.
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Classification. Many b lly similar classifications have appeared since Kauf-
mann m 1911 attempted to sort out the various pathologic patterns and evolve
a system of grading.

(1) Adenoma malgnum

(2) Adenocarcinoma

(8) Papillary Adenocarcinoma

(4) Sohd Adenocarcinoma

(5) Adenocarcinoma with squa metaplasia

T LT AR T y
s, W W
E};&? R B L ¥

Fic 20 —Remarkable squamous metaplisia in case of adenocarcinoma (grade I)
{Nova\, E  Gynecological and Obstetrical Pathology and Endocnine Relations, W B Saunders
Company, 1940)

To this classification Ewing added an earlier phase of adenoma mahgnum
called papillary adenoma mahgnum and a more advanced classification adeno-
myocarcinoma

Both Meigs and Scheffey have rightly believed that, because simple pathologic
sections Tevealed varying grades of mablgnancy, a modification to a broader
simpler classification would be more practical, and they have simply classified
endometrial carcinoma nto three stages.

(1) Papillary adenocarcinoma = Low
{2) Adenocarcinoma = Medium
{3) Solid adenocarcinoma = High

This latter classification has ment
Microscoric PATTERNS

Grade I or Superficial Adenoma Malignum The tumor by and large is entirely
superficial, ansing from the surface epithelium as a papillary type of growth
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Fic 21.--Photomicrograph of papillary ade-
nocarcmoma of the body of the uterus, low
grade (low power)

{Meigs, . V. Tumors of the Female Peluis,
The Macmillan Company, 1934)

Fic. 22.—Photormcrograph of adenocara-
noma of the body of tEe uterus, medium
rade (low power).

(Meigs, 1. V.- Tumors of the Female Pelvis,
The Macrmllan Company, 1934.)

Fic 23 —Photomicrograph of carcinoma of

Fic 24 —Photomicrograph of d
lheml;:dy }(:f }:he ;xlerus gx('g\vl}x‘lg m sohd carcmoma of the bod)% o? the utei\l:sl :;:g:i
ses, hagh malignancy (ugh powe thoma. N f
(s, gh ey ofc{lle Fempa on ngluc acanthoma. Note the sohd sheets of cancer

and the epithehal pearls
Organs, The Macmllan Company, 1934 (Mesgs, ] ¥, Tunors of the Female Peleic

Organs, The Macmullan Company, 1934 )
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which projects mto the uterine cavity and demonstrates no tendency to invasion,
If invasion of the wall occurs, 1t should not be called adenoma malignum,
Novak thinks this would connote a higher degree of malignancy than the tumor
presents, either clinically or pathologically.

Small regular low papillae of umform character are encountered with cells
showing occastonal mitosis and a mild degree of hyperchromatism. The stroma
1s less abundant and there may be little connective tissue between the glands,
which become pressed together. Large gland spaces may be found, containing

Fi6 25 —Carainoma at top of the fundus Note the extent of vaginal cuff and parametna remored

a few large cells wath an occasional mitosis. The gland pattern is not nearly
as atypical as one finds in the higher grades of malignancy. The degree of
differentiation is shght, perhaps not exceeding 25 per cent

Grade 11 or Adenoma Malignum The picture is an accentuation of that
described above, in that there are enlarged masses of glands which are both
dilated and eclongated The entire tumor is full of these giant glands with
multiple papillary convolutions which encroach on the stroma to the point
where it 1s practically nonexistent and the adjacent glands seem to be mn direct
contact Abundant mutosis with hyperchromatic nuclei appears among the
cuboidal and cylindrical cells which are so packed one on the other that they
appear to be in layers which tend to push in and occlude the lumen of the
gland. The glands are so numerous and the supporting stroma is so scanty
that 1t 1s small wonder that some evidence of necrosis may appear. It 1s perhaps
this tendency to break down that explains the shorter duration of symptoms in
this group Early bleeding, carlier attention, and better prognosis may be antiei-
pated The degree of differentiation runs between 25 and 50 per cent according
to Novak. The polarity of tissuc 1s everywhere maintained. Healy feels that
wherever there 15 a tendency to form solid masses which invade the stroma,
the tumor should be classified as adenocarcinoma.
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Grade 111. Some patts of this tumor may resemble the picture presented in
gades T and 11 as noted in the tendency to maintain the gland pattern, but the
entire appearance is more atypical. There is a definite loss in polanty with the
tumor growing in solud masses of cords and columns throughout. These masses
may evtend into the musculature. At some portions there may appear to be
a thwarted cffoit to reproduce the gland pattern, The cells themselves are
more atypical though some of them may show evidence of maturity and even
scerction duting the reproductive period. The signs of anaplasia are more
marked with a differentiation noted in a proportion of 50 to 75 per cent.

Grade IV. In this instance the loss of polarity is complete. Masses of atypical
cells, both round and polyhedral, are found growing in sheets and cords and
filling the fumen of what remains of the gland structure, For the most part

el o

Fic 26 ~Photomicrograph of specimen shown in Fig
d

i 25 'Early carcinoma of the fundus,

the glandular arrangement has disappeared, but careful examination of other
areas may shf)w persistence of the gland pattern. The nuclei are small and
hyperchromatic, with scanty cytoplasm and abundant mitosis. The shee!s‘ f
cells can be found invading the muscle. In this group metastases a ear ear’lJ
and the entire pathologic picture may be reproduced in the re 155:‘]‘ nod 4
The loss in differentiation is nearly complete Because of the tendgenc t (; o
so}ld masses without evidence of gland structure, the tumor may b Y of e
with lymphosarcoma or more likely adeno-acanthoma, ¥ be confused

IncmENcE 1N THE DIFFERENT GRADES

60By \v]1a:e)’erhcl?ssiﬁcation, the percentage of patients seems to be about

per cent in the low or medium grades of mali i

€ . - alignancy, with about 40

in the more undifferentiated tumors. Miller revie\ved’ his material agce;rsfné
n
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to both the Ewing-Mahle classification and the simpler all-inclusive method
proposed by Meigs and Schefley, with the following results:

Ewing-Mahle Miller, according to Scheffey Scheffey’s material
Per Per Per
Number Cent Number Cent Number Cent
Grade 1 23 147 Low 101 647 Low 22 323
Grade If 78 50 Inter 50 32 Medum 27 397
Grade I 50 32 High 5 32 High 8 264
Grade IV 5 32

Meigs and others have found a higher percentage among the medium grades
of malignancy. Fricke for example found 56 per cent to be in Grades I and 1I,
31 per cent n Grades III and IV, and 13 per cent ungraded.

Procyosis

In general, it may be sard that the prognosis varies with the grade, for the
best results are reported in the lower grades of malignancy while the poorest
results appear among the Grade IV cases Grade I lesions have a relatively
shorter duration of symptoms which may explam in part the better results
obtamned 1n this group The age difference has some bearing on the end result,
for Murphy noted a five year age difference between the lower grades of malig-
nancy which proved to be operable and the more highly undifferentiated tumors
classified as moperable Likewise the patients with grade I and II lesions are
more than likely to have a natural menopause, 86 per cent; while only 61 per cent
of the higher grades of malignancy had the same experience.

Grade, however, 1s only one of the several factors bearing on prognosis. Enough
difficulty 1s encountered in grading the tumor from sections of the entire uterus
to expect that any indication of the proper treatment can be obtained from
mformation gathered from frozen sections of the endometrium The grade of
tumor should not therefore determine the type of treatment to be employed.

HisTOLOGY OF ADENO-ACANTHOMA

Islands of proliferating squamous cells appear not infrequently in cases of
adenocarcinoma. There appears to be a combination of glandular and eptdermord
eplthehum varymg m quantity and extent of pear] formation, In most instances
the gl t predc es. Sheaths of flat keratinized mahgnant cells
may occur in areas separate from the adenocarcinoma element or they may be
mtermingled When the metaplasia 1s extreme, broad sohd fields of cells may
be found pushing in between the gland lumen and may actually give the appear-
ance of growmg mnto the gland lumina displacing or at times obliterating the
epithelum The cells may be entirely large or groups of small cells may make
up the tumor, with or without pearl formation. Hyalne degeneration of the
squamous cell masses may be present, and at times caleification of the pearls
They may take ongin from isolated foci or develop diffusely The masses fre-
quently invade the muscle wall

Although the tumor for the most part 1s predominantly glandular, the
portion may assume the upper hand. The source of this squamous cell prollfer‘»
tion 1s highly speculative and its prognostic fi em-emely controversial

Embryologic Source Meyer postulates that m the third or fourth month of
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intra-uterine life squamous epithelium cxtcnds’high into the ccrvxci\] can::;. At
about the sivth month the cylindrical epithelium of the fuadus go\vf(sl lf)\\m
and replaces it. Basal cells may then be left beneath the glandular epi lc‘-llfm.'
Later, under stress, the cylindrical lining breaks down :u_]d the squ:‘;mous “;“}B
begins to proliferate. Nathanson found squamous ce]l.s in the newborn and in
infants up to two years, and Ewing has cnn.ﬁrmcd thclr‘ prc.senu;.

1t is also possible, inasmuch as the gcmlnl tract c.pnhelufm has 2 cmnm;m‘
origin from the mullerfan duct, that some of thc.nndlﬂ'crcnnmm] ~cclls may he
found in the uterne fundus. Inasmuch as they retain the power to differentiate as
they will, they may in later life form a squamous type epithelium.
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1 effect regarded as benign.

Metaplasia. Ewing advances the theory that adeno-acanthoma results as an
actual metaplasia in the glands of the uterine body. This has been known to
occur dusing menstruation and in pregnancy as well as in response to chronie
infection as one sees in a pyometrium Broders, quoted by Schattenburg and
Zishind, does not believe that squamous epitheluim derives from the well
differentiated columnar cells but that the regenerative cell has the power to
differentiate into ether the seereting glandulas type of cell or the protective
squamous cell type. Experimental evidence by Murray is cited in proof. A variety
of names has been given this observed phenomenon, such as squamous meta-
plasia, epidermization, and leukoplakia.

Presence in Hyperplosia. 1t is also found in other benign conditions such as
hyperplasia of the endometrium. It is thus possible that such transformations
may be secondary to estrogen stimulation Taylor quotes animal experiments to
suggest that in animals at least the appearance of stratified squamous epithelium
in portions of the endometrium is commonl.

r y considered as an estrogeme mani-
festation.

It is thus obvious that squamous metaplasta of either the surface or the glandular
cpithelium does take place in bemgn conditions as well as, and perhaps more
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frequently than, in of the end trium, but that the source for the
development of these cells 1s open to debate.

Sigmficance, The actual significance of their presence is likewise controversial
and depends in part on the pathologic interpretation.

Where areas of squamous cell prohferation are found in relation to benign
hyperplasia, the resultant pathologic picture appears much more violent, accord-
mg to Novak, than can be justified clineally. These areas are not malignant.
While the cells may be atypical 1n size and shape and may contam large and
dmk-staining nucley, there are none of the other evidences of nuclear actwity

perplasia. Adenocarunoma i siti

to suggest the presence of carcmoma Novak believes that the dignosis of
adeno-acanthoma 15 not infrequently made mn cases of bemgn hyperplasia asso-
clated with these squamous 1slands Novak speaks of 24 cases of this sort where
curettage was performed and no subsequent carcinoma developed.

If the diagnosis is to be based on the predommance of the gland elements
over the squamous clements, then the meidence of adeno-acanthoma will be Jow
Novak believes that the evaluation of the malignancy depends on the behavior
of the glandular elements rather than the squamous portion Murphy found but
2 in 197 fundal caicmoma, Lindsay 8 cases m 70, Healy and Cutler 3 cases in
100, and n 1936 Gellhorn could find only 25 cases reported in the hterature. Maller
on the other hand found that 15 per cent of his senes was adeno-acanthoma
1f any part of the squamous portion of the tumor appears malignant it has
been our hahit at the Massachusetts General Hospital and the Pondville State
Cancer Hospital to regard the tumor as an adeno-acanthoma We thus find
that our mneidence in both institutions is 22 per cent.

Importance 1t 1s also our belief that the tumor behaves differently in the
fundus of the uterus The survival figures following surgery for tlus lesion are
comparable to those obtaned n adenocarcinoma, but we agree with Ferguson



CARCINOMA OF THE ENDOMETRIUM 264

that the tumor is resistant to radiation. Our experience hikewise confirms the
observations of Schattenburg and Ziskind who in an extensive study found
that adeno-acanthoma behaved differently in that metastases were more fre-
quent and smore evtensise than in adenocarcinoma of the fundus, More extensive
surgery with bilateral pelvie lymphadenectomy is indicated for this type of
pathology.

TREATMENT

While the accepted form of therapy for cancer of the endometrium may be
primarily surgical or radiation or a combination of both, it is impossible to
standardize the treatment to the pomt where one can say that all patients should
be treated by one method to the excluston of the other. There has been a recent
tendency to regard cancer of the endometrium as a single clinical and pathologic
entity much as we have done for cancer of the cervix.

STANDARDIZATION

There 1s such a wide variety of factors bearing on the choice of proper treat-
ment for the individual case of carcinoma of the endometrium that no attempt
should be made to standardize therapy. In addition to the pathology of the
primary tumor, the associated local pathology, the coexistent systemic discase,
and the age and size of the patient all have a direct bearing on the choice of
the method for treatment. The surgeon must decide whether the case is switable
for a primary surgical procedure or whether radiation alone should be the sole
treatment. If surgery alone is to be used, should operation be followed by external
radiation® If radiation alone is to be employed, how and in what dosage is it to
be given? Should local intercavitary radiation be followed by roentgen therapy?
If preoperative radiation is to be used in conjunction with surgery, should it be
given m the form of radium or as external radiation and in what dosage? These
are but a few of the problems inherent in therapy for carcinoma of the endome-
tnum It should be our aim to offer the individual patient the best we have for

her particular problem m the light of our expenence with the different types
of treatment.

EXPERIMENTS IN TECHNIC

Qur experience 15 constantly being broadened and our previous conceptions
revised as we become more familar with the armamentarium provided for
treatment The hterature abounds in experimentation with ways and means of
applying local radiation to the unseen tumor within the uterme cavity Tll\)
proper dosage and timing are in no sense standardized. The same n?m be
said for external radiation where machines of varying voltage are k)(li .
dlener umform cancerocidal doses of radiation to a tumor \%hi;h c"B et }:0
visnahized and whose ramifications are uncertam. Various methods are : enestod
and portals of entry employed to accomplish this end. Such ey, e;ime l:gtg' es‘e'd
commendc.tble and the end results may be expected to reflect (he‘gﬂo t kn B
the technic of radiation. Heyman has declared that 'r LA
prognosis of carcinoma of the endometrium 1s syn‘(myar:({u;m\g;to}: eiment e

mprovement
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m radiation therapy. To his mund the surgical technic for intra-uterine cancer
has been biought to such perfection that further development is hardly to be
expected. With this pomnt of view we are definitely not sympathetic, for with
a more enlightened concept of the natural spread of the disease, supplemented
by the recent adjuncts to surgical treatment, such as blood and fluid replace-
ment and the antibiotics, the possibilities of a more vigorous surgical approach
to the problem are now bemng explored.

The chorce of therapy is not concerned with whether surgery is better than
radiation, but rather which mode of treatment is most likely to produce a favor-
able result for the individual patient. It is well to keep this point firmly in
mmd while evaluating the various methods of therapy.

Orrinuns Tyer oF TREATMENT

There is geneial acceptance among modern writers that the ideal type of
treatment calls for preoperative radiation followed by total hysterectomy with
bilateral salpmgoophorectomy some six to eight weeks later. The radiation may
be either intercavitary radium or external radiation, Certamn surgeons, although
they are in the mmonty, prefer to remove the uterus through the vagina The
routime postoperative external radiation treatment following surgery has some
advocates, while a few radiate the vaginal vault after operation with radum
plaques

Radwim and Surgery It 1s reasonable that surgery should be the main buttress
upon which therapy 1s erected. Because the disease 1s notoriously slow in 1ts
1ate of growth and metastasizes only late m the disease, it would seem logical to
remove the entire uterus masmuch as the tumor is encapsulated within thick
muscle walls of the uterus itself.

Preoperative Radiation Preoperative radiation as an adjunct to total removal
of the uterus and adnexa would appear to be a letely logical proced
Inasmuch as there appears to be a definite relationship between the rate of
cure and the size of the uterus, improvement in results may be expected 1f
the extent of the primary tumor can be reduced by radiation as a preliminary
to surgery. In addition to the reduction of the element of infection, the tumor
cells may be either destroyed or rendered less viable This would automatically
reduce the hazards of operation by cutting down the postoperative infection
as well as the chance of displacing active tumor cells on the fresh operative
sites of the abdominal or vaginal thereby izing the nsk of recur-
rence 1n these areas There 1s hkewsse the possibility that the effect of radiation
may extend to the lymphatics of the adjacent parametrial and paravagnal tissues.
Because such results can be obtamed without mereasing the technical difficulties
of the operation, radition as a preoperative procedure has been popular.
Certainly neither the mortality nor the morbidity has been appreciable from
surgery following radiatton It has been common practice to delay six to erght
weeks after radiation before doing the hysterectomy, to permit the inflammatory
reaction, mcident to the use of radium, to quet down and permt the tissues
to recover. This delay has been considered as a disadvantage of this form of
treatment. If the tumor cells have been inactivated during this time, as Schmitz
and others believe, the disadvantages are more apparent than real.
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Raptunt ALONE

Not all authors concur in the belicf that surgery is the basic method of attack
on this form of malignancy. Heyman, for example, who has had a wide experience
with radiation and presents figures of end results that are hard to nppro:{ch,
much less equal, has always been a staunch advocate of intracavitary radium
as the treatment of choice, reserving surgery for the treatment failures from
radiation, Kaplan likewise belicves that the criticism of radiation as a frmP of
therapy is less a criticism of radiation than of our methods of applying raf]lum.
With improvement in technics may come improvement in results. This is the
basis for Hleyman's contention.

The two schools of therapy then are represented by those who believe that
intra-uterine radwm properly given is adequate for cure of the disease and a
larger group which recognizes the advantages of radium or irradiation but
remains convinced that surgery with total removal of the uterus and adnexa
should follow a preliminary radiation if the best results are to be obtained.

Factors Modifying Treatment. Unfortunately as Brindley has observed, the
pathology, extent of disease, and general condition of the patient are bound to
modify the choice of treatment. For example, certain types of intra-uterine
pathology, notably adeno-acanthoma, are notoriously resistant to radiation. It
would seem illogical in this group to employ preoperative radiation. Healy feels the
same way about the lower grades of malignancy such as adenoma malignum
grades Land II As far as adeno-acanthoma is concerned, it is unfortunate that
pathologic confirmation of its presence 15 extremely difficult on the basis of the
exammation of the curettings by frozen sections. It 15 thus obvious that many
cases of adeno-acanthoma have received preoperative rachation. Except for the
delay ncident to 1ts use, no major damage has resulted, for the survival figures
for adeno-acanthoma treated by radium and surgery parallel those for adeno-
carcinoma treated n the same manner, The only adsvantage might come from
the reduced risk of mfection Where the diagnosis can be determined at curet-
tage, 1mmediate surgical mtervention should follow, thereby reducing the nsk
of the double anesthesia in this older age group and lessenmg the financia)
burden of double hospitalization.

Conversely, not all patients with carcinoma of the endometrium are good
operable nsks independent of the extent of disease within the uterus. Heyman
finds that of the 85 cases a year referred to the Radmmhemmet over 50 per cent
are not suitable for surgery when first seen From 10 to 15 per cent of the total are
moperable be.cause of the extent of the disease, though this figure shows some
improvement in recent years. Abaut 40 per cent of the total are moperable because
of age, obesity, or associated systemic disease Other more surgieally minded
X‘n:ers 1plﬂs%e the operability rate at about 70 per cent, though McLennan found

! 'ixl only 53 per cent of ns cases could recetve the routine treatment of radium
ollowed by. surgery. Analyzing the reasons why the standard treatment was

::lll:saer:slgn:n% 1: ia;:; (()); ra.(tlmtwn, ;\IcLennan gives Percentages for the extent of

of Heyman. g esity complicated by systemic disease which reverse those

gr(lytx : t:?lgd(;l:l‘mxz that 1thxs extIEmEIy. difficult to standardize treatment in this
y women who have carcinoma of the endometrium The problem
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1s not made any less complex by the often repeated assertion that the operability
m these patients cannot be determinied on the basis of a routine pelvic exammation,

RoENTGEN THERAPY

When contemplating the use of external radiation in the form of rocentgen rays
it is well to have clearly established the aim in giving such treatment. (1) Roent-
gen therapy may be given as a preoperative preparation for subsequent surgery,
as employed by Muller. In this instance, roentgen therapy takes the place of inter-
cavitary radiation, (2) Randall and Ward are both concerned about the loss in
time mcident to prelimmary radiation and suggest a program of immediate surgery
to be followed by external radiation (3) Kamperman, on the other hand,
believes that intercavitary radiation supplemented by roentgen treatment gives
al g radhation througl the pelvis that cannot be achieved if the
utcius has been removed (4) Where the disease has extended beyond the uterus,
most authors agree that roentgen therapy may obliterate disease incident to
lymphatic spread, whether employed as an adjunet to radwm, as defimtine
treatment, or as a preparation for surgery. Miller goes so far as to suggest that
external radiation may destroy disease that has extended to the tube or ovary.

Disadvantages. Miller agrees with Ward that in the presence of cxvcessive
obesity the basic radimtion should be by intercavitary radiation due to the
difficulty in sccuring umiform penetration which can be considered as can-
cerocidal Kamperman believes that the use of supervoltage x-ray of the 600 KV
type will be sufficient even in these cases to sccure an adequate depth dose of
cancerocidal radiation without overly destructive action on the skin of the portals
of entry or upon adjacent viscera The chesity of the patient remains as a
definite objection to the use of external radiation.

Advantages. Where the patient is not too obese, external radiation, accordmng
to 1ts chief exponents, Miller, Schmitz, and Kamperman, accomplishes much that
can be achieved by radium without some of the disadvantages of the latter.
The two main advantages appear to be that the ease of application, involving
no mampulation of the uterus other than that y to make a dug 3
tends to reduce the danger of manipulative spread at the time of operation. The
chicf advantage would appear to be the effect on the outlying cancer cell and the
partial obliteration of the lymphatic chain Just what the effect on the primary
tumor within the uterus may be 1s debatable. Miller believes that while the
primary tumor may not be destroyed, the cells may be attenuated m viability.
Schmitz m his studies on residual carcinoma found persistent disease where
inadequate radium treatment was given, but none in the face of adequate roent-
gen therapy. He therefore concludes that roentgen therapy 1s useful not only for
the adjacent parametrium and lymphaties but for its effect on the primary mntra-
uterine tumor as well.

Prelumnary Curettage We are in complete agreement with Healy and with
Ward in condemning the practice of giving roentgen treatment as a pielimmary
to subsequent surgery without the benefit of a diagnostic curettage Since the
vaginal smear technic is subject to 20 per cent error, the primary diagnostic

measure is the curettage. To give r gen treatment in the ab of a positive

" N
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dragnosis of endometrial carcinoma would be mexcusable. Inaimuc]‘\ as x't. is
essential that a primary diagnosis of carcinoma be obtained before instituting
treatment, curcttage under an anesthetic is a basic requirement. Ward, Healy,
and Scheffey, among a vast array of surgeons, believe that it is logical to have
radm available for application immediately on receiving pathologic confirma-
tion of malignancy within the uterine cavity. The basic form of elfective therapy
is regarded as surgical and the time lost if roentgen treatment js gwven may be
detrimental to the eventual prognosis.

As Supplementary Treatment. Where radiation treatment is to be definitive,
rocntgen irrachation may well be used as a supplement to intercavitary radiation.
Inasmuch as 40 per cent of the patients receiving radiation as the sole form of
treatment do so because of the spread of the disease beyond the uterus, such an
adjunct must be of value. When the combination is employed it is well to have
a well planned treatment designed to give proper balance to the two elements
in order that effectne uniform radiation may be given to the primary tumor as
well as to the potential field of extension. Maximum dosage of both radium and
roentgen ray may result in the overradiation with a marked increase in morbidity
and mortality. It may be necessary to reduce the dosage of the intercavitary
rachation 1f full tolerance doses of roentgen rays are to be administered. McLen-
nan traced a primary mortality of 8 per cent directly to full doses of x-ray follow-
ing complete intra-uterme radiation.

Vagmal Vault. Roentgen therapy has been employed as a prophylactic measure
n conjunction with local radium to the vaginal vault in the postoperative period
by both Smith and Fricke

There can be no doubt that roentgen treatment may be used either in place of
radium or as a supplement to both surgery and radm in both the preoperative
and postoperative period. It would appear again that the problem 15 not whether
x-ray 1s better than radium but rather what 15 best for any one individual patient.

RADIUM THERAPY
GENERAL CONSIDERATION

Either by chotce or because the patient is deemed unsuitable for operative
mterference through extent of disease, age, obesity, or concomitant systemic
disease, radium may be elected as definitive treatment. In addition, radiation
exther in the form of radium introduced by an applicator into the uterine cavity
or employed as external radiation through x-ray is commonly used as an
to subsequent surgery. The problems posed in management are dissimi!
m dosage. Where the patient is regarded as operable,
to face the decision as to whether full radiation has
or radiation plus surgery For the remaining group,
with the chief consideration being given to the questi
a suitable candidate for complete radiation or modifications of the same
Whether radium is employed with definitive treatment as an objective or is to b
followed by surgery at a later date, the manner of application to the ut s
the problems associated with this procedure are of basic importance. e an

adjunct
lar only
the surgeon may have
any advantage over surgery
radation alone is possible,
on of whether the patient 1s
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ArrricaTioN 10 TIE UTERINE CAVITY

Inasmuch as the dimensions of the uterine cavity are subject to great varation,
adequate homogeneous radiation throughout the entire uterine canal is not easy
to achieve. Where the presence of an eccentrically placed or submucous fibroid
distorts the canal, the problems of adequate radiation are multiplied. Moreover,
the major consideration is the application of a cancerocidal dose of radium to the
tumor and its ramifications e are forced to radiate the entire uterine cavity,
for we have only the curet or perhaps some help from hysterography to determine
where the tumor is actually located Roentgenographic visualization of the uterine
cavity o1 hysterography is accomplished by injecting radiopaque iodized oil into
the uterme canal followed by roentgenograms, Such localization 1s not in general
usage because of fear that trauma ncident to its use may spread the disease
LeClerc and Kaplan have had considerable expenience with hysterography in
outlining the tumor within the blind uterine cavity, but such expenience has been
limited. Neither the curet nor x-ray visuahzation gives any indication of the rami-
fications of the tumor beyond the point of ongin withm the uterus. Microscopic
examination of the extirpated uterus with its parametrium and adnexa alone
gives any 1dea of how far the tumor has extended.

It 15 not surpnising then that radium treatment of the uterine cavity for car-
cmoma of the endometrium 15 far from jdeal. It is easy enough to miss a small
carcmoma of the endometrium situated at the cornua with a diagnostic curet. To
deliver a cancerocidal dose at such a tumor site can therefore become a formid-
able problem To radiate adequately a large irregular cavity distorted by the
presence of fibroids, submucosal or otherwise, is a feat in wtself. Where a small
carcinoma lurks at the top of the fundus or behind a submucous fibroid, proper
application of radium 1 sufficent dosage to eradicate the tumor permanently
is mdeed difficult Radiation in a large irregular utenne cavity is bound to be
unrchable Where an unknown extent of tumor is present i an mvisible field of
uncertain dimension and contour, 1t is obvious that the surgeon must fall back on
hus only recourse—that of trying to provide a umfoim cancerocidal dose of radia-
tion to the entire uterme cavity As a result some parts of the endometrium are left
untreated while other areas are overtreated, with resultant necrosis There is
some evidence to show that such overly intensive radiation may destroy natural
tissue resistance to the pomt where not only the effect of radwm is nullified but
the spread of the disease 1s accentuated At any rate 1t 15 small wonder that
recurrence following intra-uterine radiation is common Even Heyman agrees
that the most successful cases for mtercavitary radiation appear among the group
where the carcinoma arises m a narrow uterine cavity.

ResipuaL CArciNO»1A FOLLOWING INTRA-UTERINE RaDIUM

The best evidence that intercavitary radiation 1s unreliable 1s attested to by the
many studies available in the literature indicating the relatively high percentage
of patients showing residual carcinoma among the uteri eatirpated following
radiation,

This may in small part be due to the type of lustology of the tnmor presented
for treatment. Healy suggests that not all carcinomas of the fundus have the
same cellular structure, There are marked vartations in degrees of malignancy and
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radiation sensitivity. Our evperience at the Pondwille Cancgr Hospital of the §m?c
of Massachusetts and at the Massachusetts General Hospital, for example, is in
complete agreement with the statement of Ferguson that there is no reported
case where adeno-acanthoma disappeared after radium treatment. ealy adds
his assent to the above observations. Formerly adenoma malignum grades 1 and
II were regarded as resistant to radiation. This observation may be faulty, for
Fricke produced 39 per cent of five year cures in these gm(.les of tumor, These
figures parallel the anticipated over-all curc rate for radiation treatment of all
grades of malignancy of the endometrium

Regardless of the histologic type, there appears to be adequate evidence that
radiation at least as given preoperatively docs not produce actual destruction and
disappearance of the carcinoma in more than half the cases in which it is
employed. The reports in the hiterature vary, from 12.5 per cent to 89 per cent
of cases showing persistence of residual carcinoma following the use of intra-
uterine radiation In part this difference may be due to the wide variation in
dosage and type of applicator employed.

Diligence of Search. The more probable explanation, however, as Stowe, War-
ren, and Novak have pointed out, can be traced to the diligence of microscopic
search. In most instances specimens from the removed uterus are taken from the
obvious sites of radiation reaction or grossly involved areas. Sertal sections are
needed for an accurate appraisal. Donovan and Warren found for example that
n some 1nstances the carcinoma was undisturbed although the myometrium was
badly damaged. Moreover Stowe discovered 19 instances among 53 cases inten-
sively studied by multiple serial sections where carcinoma had been found
deep in the muscle although none had appeared on the surface.

Size of Dose. The type of application and size of the dose may play a role,
for Schmitz using dosages heavier than those employed by Warren, Stowe, and
Novak could find no residual carcinoma in 4 or 5 uteri removed after radiation
and subjected to serial sectioning Seven more cases were adequately radiated
but no hysterectomy was done. Four of these later were subjected to curettage
and no carcinoma was found. On the other hand, one died later of peritoneal
metastases, indicating that the results of curettage cannot be advanced as
evidence for or against invasion of the myometrium or extension to the lym-
phaties. Stowe employed 2 jointed apphicator with the radium in tandem to give
doses of at least 4500 mg. hours. Residual carcinoma was noted i 56.5 per cent
of the cases, but where x-ray was added to the intercavitary radiation the
percentage of patients with persistent disease dropped by 41.2 per cent. Healy
and Brown find that the percentage of residual carcinoma dropped from 60 to
40 per cent when a larger dosage of radum is given It is thus possible that the
size of the radwum dose given may have a bearing on the amount of residual
disease following treatment,

thcstmn' of Vx‘a.bx'lxty It is perfectly possible that the importance of residual
carcx.noma in uteri removed after radium thempy has been overemphasized. No
one is completely sure that the cancer cells seen
following radiation. The cells could be nactive
If the cells are momentarily

under the microscope are viable
or attenuated in their virulence.
encapsulated and rendered less lethal, then the mere
presence of residual tumor, as seen microscopically, cannot be taken as a
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measure of the cffectiveness of radiation, at least as far as its use as a preoperative
procedure 1s concerned, Tt 1s of utmost importance when we come to rely on
intra-uterine radium as the sole means of treatment.
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Fic 29.~Kaplan’s radum nng
(Kaplan, 1.1 Radiology, 39 135, 1942 )

Restdual carcinoma is nevertheless a common finding, regardless of the dosage
or the type of applicator, as suggested by the following statistics published in the
Iiterature. Whether the careinoma is viable or not 1s debatable.

Sackett 33  per cent
Healy 40 per cent
Novak 50 per cent
Stowe 50.9 per cent
Scheffey 548 per cent
Brindlay 55.8 per cent
Corscaden 619 per cent
Warren 890 per cent

TirEs oF INTRA-UTERINE RADIUM APPLICATION

In 2 real effort to overcome the cifficultres inherent in dehvering uniform
cancerocidal radiation to a tumor that can neither be seen nor felt, within a
blind cavity whose contour and dimensions are never constant, many authors
have demonstrated real mgenmty in the type of apphcators devised. Kaplan
points out that the farlures 1n radiation may be traced to faulty techme for, as
Randall says, it 15 obviously not enough simply to insert radium 1n the uterine
cavity.

The following methods of treatment and types of applicators have been em-
ployed as a means of cutting down the percentage of residual carcinoma and
increasing the effectiveness of intra-uterine radiation

At the Pondville Hosputal the uterus is measured with a hysterometer. A gold
radon tube to suit these measurements is then incorporated mto a Monel apphi-
cator and inserted in the uterine cavity. While this method does not take into
consideration any measurement of the cavity other than depth, it has the advan-

o~
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tage of ease of application with little associated risk. This 1? :tm lmp.rovsgic;\lt';:
the single rubber catheter or metal appheator of silver or [l) n]'lm'm:lmk\th cl ) the
radium needles were placed in tandem. Most nulho.rs now be xcu]sJ m“ le; %ld
application is ineffective, for discase in the cornua is unlikely to be affected, a

Fic 31.—Dugrammatic representation of Kaplan’s nng.

efficiency 1s himited to the tissue immediately adjacent to the applicator. Schmitz
employs a Y-shaped tube in an attempt to conform to the established conception
of the contour of a normal endometrial cavity. Stowe, after direct measurement of
the uterine cavity, employs fine platinum capsules placed in senes in a ligated
rubber tubing in such a manner that when the tube is bent between the second
and third tandem the uterus will be radiated by two capsules on each side with
one at the base. The concentration of radium will be at the fundus and body of
the uterus. Crossen, Friedman, Martin, Ameson and Pfahler all employ the
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principle of multiple small radium applicators held in place by wires or hinged
tubes Kaplan regards all of these methods as complicated and cumbersome and
suggests the following procedure:
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Fic 82 —Fnedman’s Lysterostat
(Kaplan, L I + Radiology, 39 185, 1942 }

The contour of the uterus and the location of the carcmoma are determined
by radiographic study with visco-rayopake. A malleable radium ring is then con-
structed which 1s fleuble enough to adapt itself to the contour of the cavity mn
direct relation to the tumor This application is further supplemented by a rubber
tandem contmming radium, as well as a colpostat to the vagina. The fact that
incision of the internal os 15 recommended to permit ease of insertion and egress
does not speak for facility in application. Without question Heyman has had
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by far the greatest experience with the method of mtroducing multiple foci of
radiation into the uterme cavity in order to secure uniform radiation. Multiple

Fic. 33 ~Diag P of Freidman's hy t
(Ackerman, L, V., and del Regato, J. Az Cancer, Diagnosis, Treatment, and Prognosts, Cc. V.
Sosby Company, 1947.) R

)

13

Fic 34 ~Schmitz type of apphcator

Fic 33 ~Crossen type of appheator

{Ackerman, L V., and del Re; :

, LoV, gato, J'A: (Ackerman, L

Cancer, Dmgém:f'g'mme"" and Prognosis, Cancer, lRQaubsx"Ti:ciy: e,],e Regato, | Az
- Mosby, 1947.) eV Mosby, 1947 4 Prognosh,

small eylinders of uniform size and
| ey T shape and of equs i
s_‘acl\edt into the uterine cavity until filling 15 complete:1 u’?h;ﬂél l;]inmd e
" Plos" lonhby a'specmlly constructed tube holder. Perfomﬁony £ t;\rs o he!d
pplying the cylinders 15 not unknown and removal is not \vxth:ut ite \lte}:\lls .
s problems.
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In additron to the disadvantage mentioned above, Heyman mentions placing a
glass diam m the cervix to prevent stenosis.

Sampson, experimenting with Heyman's idea, filled excised utert with sodium
1odide to make the cavity opaque to x-ray. An attempt was then made to dis-

Fic. 36 —Martin type of applicator,
(Kaplan, I T Radiology, 89 135, 1942 )

tribute the capsules evenly over the surface of the uterine cavity. Roentgeno-
grams taken to show the distribution of the capsules mdicated that, under the
most favorable conditions and in the absence of complicating pathology such as
polypi or submucous fibrowds, the chances of getting uniform filhing were no
better than even. It is possible that Morton and Hahn may acquire 2 more
uniform radiation than has so far been acquired by therr experimental use of an
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I3
Fic. 37.—Diag 1 of Martin app
(Acherman, L. V, and del Regato, J. A, Cancer; Diagnosis, Treatment, and Prognosis, C. V.
Mosby Company, 1947.)

ek Fic 88 —Heyman's multiple capsule method.
Ackerman, L. V., and del Regato, |. A : Cancer, Disgnosis, Treatment, and P is
Moshy Company, 1947.) o ané Frogosis, C. V.
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intra-uterine bag distended with radioactive isotopes in a fluid media. The idea
1s worthy of speculation,

Bowing and Fricke attempted to accomplish uniform radiation to the uterine
cavity by other methods than employmg multiple mechanical radiation foci. The

Fic 39 —Detaled description of indwidual capsule.
(Kaplan, .1 Radsology, 39135, 1942 )

basic principles employed by them is that of the broken dose technic. Single
straight brass applicators filled with gamma ray radon of 50 me. each are used
The patient is placed in the knee-chest position and with the minumum of trauma,
because of the friable uterme walls, two brass tubes are inserted into the depths
of the cavity and left mm place for 24 hours The procedure is repeated in three
or four days to the mid-portion of the body of the uterus and again to the cervix.
Thus by repeated insertions it is hoped that uniform radiation as well as individ-
ualization in treatment may be obtained. There appears to be some overconcen-
tration in the mrd-portion of the average size uterus through overlapping. Fricke
suggests that while both ends receive between 5,000 and 8,000 r the center may
receve as much as 24,000 r. The intra-uterme radiation is supported by vagimal
applieation depending on the evaluation of need.
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F16. 40.~Single platinum type of applicator, demonstrating method of setaming appheator
' within the cavity.

* cavty.

It is thus obvious that the
malignant potential, existing
tam, has not yet met with s
All authors are in agreeme

problem of radiation of an unseen tumor, of varying
in a cavity whose dimensions and contour are uacer-
atisfactory solution despite eamnest experimentation,
nt that despite the many disadvantages of radium
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treatment good results are obtained both as definitive treatment and as a supple-
ment to surgical intervention.

TrcuNic or RADIUM APPLICATION

On the basis of the history and physical examination plus the information gath-
ered from the vaginal smear the suspicion of carcinoma of the endometrium is
aroused. The final decision rests on the microscopic cxaminations removed at the
time of curettage, The curettage is therefore carried out with radium available,

Anesthesia, On the receipt of a positive report, the radium is immediately
applied with the patient under an anesthetie winch by choice should be either
low spinal or gas, oxygen, ether, or any complete gencral anesthesia that permts
complete relaxation. The outline of the uterus is difficult enough to determine
m obese women without complicating the evaluation by having the abdominal
wall mcompletely relaxed, under pentothal anesthesia for example. The prog-
nosis, choice for or against surgery, or the use of v-ray as a supplement, will
depend on the estimate of extent of the disease as measured by the fixation and
size of the uterus, as well as on the evaluation of the degree of mfiltration of
the parametria. The presence of associated pathology such as fibroid, pelvic
inflammation, or adnexal tumors as well as vaginal extension of the primary intra-
uterine cancer may well influence the plan of treatment of the carcinoma of the
endometrium  Because of the handicap of not being able to sec or feel the
primary tumor, it is important to acquire as much information as possible in
the obese patient n order to obtain some idea of the location of the tumor, and,
if m any way possible, its extent. These data cannot be collected without satis-
factory anesthesia,

Choice of Treatment. At this time the outline of treatment must be established.
If, for example, the patient is obese, elderly, or is in poor general condition be-
cause of hypertension, diabetes, cardiovascular disease, or other systemic path-
ology, the choice will undoubtedly be for mtercavitary radiation as the definitive
form of treatment If in addition the disease has extended beyond the confines
of the uterus or the uterus 1s enlarged by concomitant fibroids, the decision to
employ roentgen treatment as a supplement later may be considered Whether
1t is given or not will depend on the response to the primary radium treatment,
Where it 15 planned to use x-ray as a part of the treatment the dosage to be
delivered as 1n the case of intra-uterine radium must be determmed at the time
of curettage.

On the other hand, an obese woman with disease beyond the uterus may be
given intra-uterine radiatton or roentgen treatment as a preliminary to surgery,
provided she 1s 1n good general condition. The dosc of mtra-uterine radum will
thus be different from that given for definitive treatment If the disease appears to
have extended beyond the uterus or the uterus is overlarge, roentgen treatment
may be used as a preliminary rather than radium, in the hope that the operative
technical details be made easier and the risk of dissemination mmimized

Scheffey, Ward, and Martin have popularized the procedure of having radum
available at the time of the curettage with the amount of the dosage to be used
dependent on rapid six-hour examination of the pathologic materal removed
at curettage. Depending on the factors outlined above, the radium is left i the
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uterus a longer or shorter time to give dosage in Lecping with the decision to
employ radium as a treatment or as an adjunct to surgery at a Jater date.

Raprunm As Drrinmive TREATMENT

While Heyman cousiders surgery only where radiation fals, the majority of
the world clinics employ radim for cure in two classes of patient: (1) in those
in whom the disease is too extensive for surgery but where there is hope of at
feast palliation from radiation, (2) in the patient who is too paor a liiik for
surgery. In this group the radition 15 designed to cure without incurring the
risk of surgery. Approrimately 30 per cent of any large seres will be subjected
to radiation The average age of the group subjected to radiation will be five
to 10 years older than those subjected to surgery.

Technic and Dosage. The majority of surgeons apply a single application of
radium in whatever type of applicator is available to them. The aim, c¢ven m
the straght metal applicator or rubber tubing, is to obtain an even distribution
of radium throughout the canal The dosage given varics widely in different
climes. Most authors now agree that doses approximating 6,000 to 8,000 mg.
Tours are needed where radium alone is to be used. In general, but depending
on the amount of radinm available in the clinic, 150 mg of radium, usually in
the form of two or three 50 mg. tubes, are inserted in the canal to be left for
a total of from 40 to 80 hours, depending on whether 6,000 or 8,000 hours are
chosen or 150 mg. radium are used. This in turn depends on how much tumor
is estimated to be present and how big the uterine cavity is felt to be at the
time of curettage There may appear to be, for example, a small tumor in a large
uterus or a large tumor in a small uterus and all grades in between.

The radium must remain within the uterus for an appreciable period of time.
It 15, therefore, important to insure its remainmg in the same position as at the
time of curettage. The indwvidual specialized type of applieators has its. own
devices for retaining the appliances within the uterus Where a single applicator
T rubber or straight rubber tube is used, a single mattress suture placed through
the cervix and clamped without tying serves very well. The clamp is left in the
vagina on the untied suture Removal of the clamp permits easy withdrawal of
the radium It 15 absolutely essential that the radium be retained within the
uterine canal If the radium should be inadvertently displaced and retract ont
of the canal, severe radiation necrosis of the vagina, bladder, or rectum might
{‘esult Tt.) protect the bladder further an inlying catheter of the Foley type 1s
inserted in the bladder and attached to closed or dependent drainage. In this
manner tl'1e bhdde'r remains deflated and the overdistended wall Kept from
contfnc.t with the point source of radium within the uterme canal

Dn.mded Dose .Treatment. The radium treatment may be repeated rather th
applied at one time. Ward, for example, gives
50 mg radium capsules screened with 1 mm,
If the case is regarded as inoperable,

an
2,400 to 4,000 mg. hours by two
) of platinum and applied m tandem.
the application is repeated in four weeks’
time. The amount of the dosage depends on the size of the uterus and the result

obtained. This dosage is supplemented b i

y roentgen ray. Schmitz, with his Y-
shaped tube, repeats the imtial 2,000 mg huﬁrs uny the eilgithmand]“;ﬁfh
day for a total of 6,000 mg. hours Roentgen treatment is given on the days when
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no radium 1s employed. Heyman, using the multiple capsule technic to pack the
uterus, gives two treatments of approximately 1,500 mg. cach about four weeks
apart, Fricke and Bowing are the foremost exponents of the divided dose method.
After the diagnosis is established, the patient 1s placed in the knee-chest position
and without anesthesia a singie straight brass applicator contaming two 50 mg
tubes in tandem are inserted mto the top of the fundus of the uterus. Ths is
left for 24 hours or 2,400 mg hours Three or four days later the process is re-
peated in similar dosage to the “anterior portion of the uterine canal” The
number of applicators and hence the dosage depend on the depth of the canal
and the size of the uterus In addition the cervical portions of the tumor arc
radiated to prevent apical vagmal recurrence. Two or three treatments of 700
mg hours each are given at two to three weekly intervals. In addition, high
voltage roentgen therapy is used as a supplement. It 1s interesting that Friche
divides the patients into four different groups depending on what he hopes to
achiere for the patient m relation to the state of her general health and stage
of the disease. (1) complete treatment, (2) limited, (3) prophylactie, and (4)
abandoned Only 60 per cent of the entire radiated group complete the full
treatment  About 10 per cent less salvage is found in the group where only
Iimited treatment can be given. This method permits the maximum degree of
mndividuahzation.

Roentgen Therapy as Suppl Whether roentgen therapy 1s a helpful
adjunct m the cases basically radiated 15 difficult to determime. Fricke subjected
about one-third of the radiated cases to x-ray but obtained the same percentage
of cures as he had without external radiation. This probably can be regarded
as evidence of increased salvage, for the patients receiving the additional radia-
tion undoubtedly did 50 because of more extenstve disease. Schmitz, Fricke,
Scheffey, and Smuth all employ external radiation following intracavitary radum.
The dosage is delivered usually from a 200 KV machine through two to four
portals depending on the size of the patient with a total dosage measured in
air from 4,000-7,000 r

The general impression appears to be favorable to the use of x-1ay as an
adjunict to mtra-utermne radiation Most of the reported cases have been treated
with lower voltage machmes than are now available The ability to obtain a
more uniform depth dose with less dissipation on the skin and less dosage to
the adjacent viscera 1s possible though the 600 KV machmes employed by
Kamperman, 800 KV, as used by Schmitz, and 1,200 KV of the Massachusetts
General Hospital Improved results may be anticipated. There remain the dis-
advantages of the obesity of the patient and the possibility of visceral damage
as one attempts to deliver cancerocidal doses deep 1n the pelvis Randall sounds
a note of caution as regards overenthusiasm in the use of x-ray treatment for
cure Because some hopeless cases have responded surprisingly well to the com-
bination of x-ray and radium is not sufficient reason for employng the combina-
tion where there s a better chance of cure from rachum and surgery.

PreOPERATIVE. RADIUM
The Purpose. The study of Elton on 50 uteri removed following radiation con-
firms the chimcal mmpression that no idea of the extent 0" ©° )
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obtained short of hysterectomy. For that reason it is important whenever possible
to follow intercavitary radiation or external radiation by hystercclnn'\y. The pur-
pose of preoperative radium is simply to sterilize the more sensitive elements
of the tumor and minimize as far as possible the dissemination of the disease
at the time of surgery. There may be some partial blockage of the regional
lymphatics or effect on the cancer cells in the adjacent parametria. The number
of parametrial and vaginal recurrences may thus be lessened. The majority of
clinies now employ intra-uterine radium as a preoperative measure. This 1s true
regardless of the fact that over 50 per cent of the uteri removed after six to eight
weehs show residual carcinoma. The nests of cells present within the uterus after
radiation may later become reactivated and cause death, but durmg the time
the surgery is performed the cells may be encapsulated, nonviable, or attenuated
m virulence. The operative hazard is definitely reduced. The combination treat-
ment of intercavitary radiation followed in siv to eight weeks by total hysterec-
tomy and bilateral salpingoophorectomy may be regarded as the accepted pat-
tern for treatment for carcinoma of the endometrium.

Dosage of Preoperative Radm. Inasmuch as the aim of radation is not to
secure permanent tumor death the actual dosage of radium may be less than
that required for defimtive radium treatment. Enough radiation however must
be given to stenlize the cancer and, if possible, to reduce the bulk of the tumor
as well as the size of the uterus In order to accomplish this at least 3,600 mg.
hours of radium should be given with most authors employing about 4,500 mg.
hours

The dangers of overradiating a small uterus have been noted by Scheffey.
Following this amount of mtracasitary radiation, no technical hurdles are antici-
pated at the time of surgery nor is morbidity increased While the dosage is
pretty well standardized, the manner of application varies widely, with all manner
of gadgets designed to overcome the difficulties of radiating an unseen tumor in

a tortuous cavity The simpler methods are probably adequate where surgery
1s to be employed later, and certainly the risk of application 15 less.

PReOPERATIVE RADIATION BY ROENTGEN Ray

Miler is the chief sponsor of the preoperative use of x-ray to take the place
of radium. He believes that there 1s a direct effect on the primary tumor cell and
that carcinoma of the endometrium within the uterus itself is affected regardless
of the type of pathology presented. Moreover, since the technical difficulties of
providing uniform rachation to an irregular uterine cavity may result in certain
areas bemg completely unaffected when radium is used, there is a real place
for x-ray treatment inasmuch as the distribution of raduation is more uniform.

RADIATION PATHOLOGY

HoaroceNeous Rapration

EThe 1diﬂicultles of homogeneous radiation of the uterine cavity wi
ot applicators now 1n vogue has been stressed. It h

parts of the endometrial e roted

cavity have been left untouched b
other areas receiving the brunt of the radiation effect appear tz }:ﬂd

ith the type
that certain
liation while
ave more than
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enough. By his technic of employing a jointed rubber tube which when properly
bent will provide a crossbar of 1adiation at the fundus with two lateral tubes on
either side, Stowe theoretically achieves radiation of the entire cavity with grada-
tions from the fundus to the cervix. If for example 50 mg. of radium are to be
used the distribution in the ligated rubber tubing would be as follows:

7 mg.  When bent between the second and
10 mg.  thud tandem the distribution of

15 mg  radium would provide a 15 mg. cross-
10 mg.  Dar at the top with 17 and 18 mg. on
8 mg. either side.

The dissemmation of radiation would thus be balanced at both sides and the top
but less radiation would be given at the mternal os. The radiation effect of the
utert where no 1esidual carcinoma was found was subjected to intensive scrutiny
using multiple serial sections through the rachated areas

Parniorocic OBSTRVATIONS

Stowe found that there weie three different radiation patterns: (1) A com-
plete neciosis of the endomehium had taken place A pink mass could be seen
extending for several millimeters nto the muscle. No cell boundaries could be
made out The demarcation was so rrregular that it would appear to be produced
by an mfaict Small round cells together with polymorphonuclear leuhocytes
wele observed hetween the area of necrosis and the normal muscle. (2) The
majonty 1evealed the endometrium completely replaced by a covering of granu-
lation tissue, which while dense on the surface became loose as 1t approached
the muscle which was completely untouched by the radiation, (8) The remamning
group likewise showed a zone of granulation tissue to be present m which wrregu-
lar gland spaces were found The distorted cells are often eosinophilic and vacu-
olated containing pyknotic nuclei and granular cytoplasm For this reason they

1

have been cc d as possibl ged cancer cells though Stowe regards
this as unlikely

RaviaTion PraQue

Sheehan has made a very thorough study of the effects of radiation upon the
uterine endometrum assocrated with carcimoma A constant plaque-like area of
coagulatson necrosis usually appears at the internal os with zones of hyaliniza-
tion and edema of the myometrium together with some endometrial hypertrophy.
Grossly the plaque, which tends to extend up nto the cavity rather than down
mto the cerviy, 1s an irregular mass of partly soft and partly firm material elevated
above the surface for about 6 mm and for the most part well demarcated The
plaque hikewise extends mto the muscle for about 5 mm. It 1s nteresting that
all of the uter1 weie defistely larger than normal, The actual muscle bundles
and even the individual muscle fibers were larger than normal. No diffuse mus-
cular atrophy had taken place nor was there any evidence of widespread hyaln-
1zation, with subsequent contraction, despite full doses of radium as generally
described The only changes noted were m the plaque and the immediately
adjacent myometrium In the myometrium two definite zones appeared, the

N
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superficial zone 1evealing hyalinization and edema ‘with infection sc‘con(]nry u;
neerosis and a deeper zone demonstrating atrophic changes. In the zoncl.(];
necrosis, only the muscular remains of the muscle cells can be sc‘ex.l, ‘\)v ude
pyhnotic nulei in small empty spaces scpnrn}cd .from each other bly thin bands
of hyaline material are noted in the hyalinization zone. The endometrium 1;
always destroyed. The latter zone is sharply demarcated from the arca o
necrosis Though hemorrhage and infection are present, Sheelmn'qucsm)ns
whether this plaque-like area is secondary to an infarct. The myometrium shm\fs
2 durect effect of radiation rather than a reaction to the overlying arca of necrotic

Fic 43 —Drawing illustraing posiion of
strates zones of radiation reaction from single needles in a smgle platinum” apphicator m

tandem. relation to the areas of reaction

tissue. The real danger in radiation, even when given in such quantities, is in
all probability the risk of mfection because of the thick muscle walls of the
uterus Sheehan believes that 1t is ughly possible that the location of this plaque
at the level of the internal os is due to the fact that the applicator lies closer

to the muscle wall at this point and is therefore recipient of the most intense
radiation

DancER oF OVER-RADIATION

Necrosis of the tumor at this point may result according to Arneson in unie-
stramed growth of cancer rather than in eradication or control of the disease,
The same observations have been made for cancer of the cervix, Normal tissue
resistance is altered by the extreme degree of necrosis supplemented by mfec-
tion There is some evidence to show from repeated biopsy studies and vaginal
smears taken during radiation treatment that the response in the normal cell will
mdicate whether the tumar is radiation-resistant. The same factors may be at
work in the body of the uterus as in the cervix. If this be true then some con-

sideration must be given to matimal and mimmal doses as well as more uniform
radiation distribution
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Fic. 44 —Drawing of actual uterus, demomstrating the ntensity of Jocal reaction at the intema

as. This shows the mtensity of the reaction at the mternal o and the ease with which the tog
of the cavity may escape radution,

(Meigs, J. V : Tumors of the Female Peltic Organs, The Macmillan Company, 1934)

Fie, 45 —Extensne radration necrosss,

Arneson has pointed out that the drop in intensity, wathin a few nullimeters of
the point source of radiation, 1s extieme It is thus theoretically possible that
carcinoma located but & short distance away from any given radium tube or
capsule may recenve a sublethal dose which is completely inadequate. To step
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up the dose is to run the risk of greater concentration at one point \'vi{h u}crc:\sm]gl
necrosis which may defeat the porpose without carrying cnouglj mtcnsx!l); n.ta !
parts of the uterine cavity, and most particularly the tumor'wlnch m;l]y c 5|b u
ated anywhere in it. 1t would be more logical, therefore, to increase the nfum er
of radiation sources of lowered concentration and thus run less danger o zvcr-
radiation. The method, employed by Heyman and al'so Afneson, 15 ll)ase vcn
this principle which is fundamentally sound. Inherent in this n:lethod:] however,
is the danger of perforation of the uterus as the capsules are inserted.

Fic 46 —P

ph showing etensive radiation reaction

Tive INTERVAL BEFORE, SURGERY

The time interval following radiation before the definitive surgery is performed
will of necessity influence the pathologic chservations as to the persistence of
caremnoma as well as the actual pathologic picture of radtion From the pomnt
of view of the sesidual carcinoma 1t would perhaps be more logical to perform
the hysterectomy earlter than the arbitrary six to eight week interval commonly
prescribed. There is some evidence that recovery of the tumor and reactivation
of the growth may take place if the tumor is not completely destroyed On the
other hand study of the post-radiated uterus, even at the end of sic to eight weeks,
may not give an accurate picture of the pathology of radiation. As Ackerman
reminds us, most tumors, however radiation-sensitive, have a more or less pro-
Jonged period before final disintegration of the tumor can be anticipated.

From the pomt of view of radwtion necrosis and persistence of carcinoma,
it 15 obvious that the :deal homogeneous radiation of the entire uterus has not
as yet been reached. Inasmuch as we have no idea of the location of the tumor
wi&hir} the uterus and remain uncertain about the extent of the ramifications of
the dlsease.within the wall, it will continue to be essential that the entire uterine
cavity receive a uniform cancerocidal tumor dose. As regards the optimum time



Fig, 44 —Drawing of actual uterus, demonstrating the intensity of Jacal reaction at the mtemal
s, This shows the mtensity of the reaction at the internal os and the ease wath which the top
of the cavity may escape raduation,

(Mexgs, . V : Tumors of the Female Pelvic Organs, The Macollan Company, 1931)

Fic, 45 —Extensive rachation necrosis,

Arneson has pointed out that the drop in intensity, wathin a few millimeters of
the point source of radiation, 1s extreme. It is thus theoretically possible that
carcinoma located but a short distance away from any given radium tube or
capsule may receive a sublethal dose which is completely inadequate. To step
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Proctitis with severe diarrhea, nausea, and vomiting as well as pain are not
infrequently scen during the course of treatment. Stenosis of the rectosigmoid
or later fistula formation may appear after scveral years in a patient who has
had evidence through severe proctitis or damage to the rectal mucosa in the
course of treatment,

The complications of genito-urinary origin, particularly the bladder, are like-
wise cammon. Cystitis, owing to the proximity of the bladder to the radiation
source, may be anticipated despite efforts to prevent it by the use of an inlying
catheter and packing back of the bladder during the radium application. Ureteral
stricture and hydronephrosis infrequently appear and are not nearly as common
as noted durng the treatment for cancer of the cervix.

Mortality. In general it may be stated that in the elderly obesc poor risk group
where radiation alone is the definitive treatment, the mortality from the use
of radium is practically neghgible, Masson believes that the mortality from
radium should not exceed 2 per cent Fricke and Bowing in their series of 109
cases placed the figure at 2.6 per cent. Most of this mortality came in the advanced
stages of the disease. ‘The actual mortality from the use of radium alone approaches
zero in most clinics.

When vray is employed as a supplement to radium the mortality increases
and 15 probably attnbutable to the external radation. Smith observed one death
among 36 cases so treated. McLennan places the figure as high as 8 per cent.
This 1s not surprising, for a dose of external radiation heavy enough to be
cancerocidal deep in the pelvis of obese women could be expected to produce
visceral damage.

Trve INTERVAL BEFORE SUBSEQUENT SURGERY

Whether x-ray or radium is used as preoperative therapy, the optimum time
mterval is placed at around six to eight weeks This allows the inflammatory
reaction following radiation to subside and the normal tissue to recover. To delay
longer is to run the risk of reactivation of the tumor. With incrensing evidence
to indicate that tumor cells are stunned rather than killed, there has been
mereasing agitation to shorten the ime between radiation and definite surgery.
With the element of infection reduced and the actwity of the tumor cells anen:
uated, there is logic in the call for earler intervention. There appears to be little
reason other than a misconception of what we are trying to accomplish with
radiation to wait for the full effect of radium in the hope that the carcinoma will
l'ne destroyed. Randall suggests 1n support of this contention that the prognosis
is probably “more dependent upon surgery than on radiation and may beblml
influenced by the latter.” Arneson finds evidence of recovery of the residual tum ’
at the end of six weeks and raises the question of why hysterectomy is not do v
at the end of a week. The standard interval between radiation and surge n
most major chnics, however, remains at six to eight weeks. gery fn

SURGERY
Basic Coxcerr

Since all surgeons interested in cancer are of the opinion that m:

anywhere in the body is best remoyed surgically, alignant disease

it is not surprising that there
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for surgery with relation to the above factors, we must decide what we are
trying to accomphish. If 1t s to eradicate the tumor completely within the uterine
cavity, if not in the muscle, then a delay in the time interval before surgery is
advisable. If, on the other hand, we simply strive for sterilization of the tumor
m oider to reduce the peicentage of implant and lymphatic metastases to the
abdominal wall and vagina, then hysterectomy might better be performed at
the end of a week, Smith found, for example, that one-half of the cases where
full radiation was employed had residual discase when hysterectomy was per-
formed five to 14 months later. Reactivation of the tumor growth seems a likely
explanation, Rather than take this risk, early operation short of the six to eight
week period would seem to be advisable.

CoMPLICATIONS OF RADIATION

Morbudity. While uniform radation of the endometrial cavity is the goal to
strive for, this may be accomplished only with some element of 1isk if one
elects to employ radiation from multiple point radium sources as suggested by
the methods of Heyman and Arneson

Perforation of the uterus is not uncommon in attempting to establish a diagnosis
with the curet. The st 1 os of the post pausal uterus, together with the
thinned-out musculature and the soft spots created by tumor invasion, render
perforation of the uterus a common misadsenture. When an attempt is made
to dilate the canal of such a uterus to the point where 1t may be adequately
packed with radium-contaning capsules or the radium ring, or the other devices
designed to radiate the entire canal, the risk of perforation rapidly mounts
Heyman speaks of perforation of the uterus as inevitable Among 93 cases tieated
by Arneson, 2 instances of perforation were noted, requinng laparotomy in one
to recover a Jost radium tube Kaplan speaks of measmg the internal os for a
depth of %th inch i order to allow ease of appheator and 1emoval of the radm
ung Perforation of the uterus then 15 a not uncommon complication hoth m
making the diagnosts and in stituting treatment.

The ertent of morbidity varies i relation to the stage of the disease and the
degree of differentiation of the pathology. The more advanced the diseasc with
mcreastg infiltration of the muscle wall, the greater the morbacity Fricke and
Bowing found that only 60 per cent of their patients among the 65 grade IV
cases could complete their divided dose t L of such complications
as pyometntis, phlebitis, pelvie cellulitis, bactetemia, and subdiaphiagmatic
abscess Actually the percentage morbidity was ngh for the entire group treated
by radium urrespective of the extent of the disease The entire 109 cases had a
morbidity of 9 per cent.

The morbidity following radium alone is distressing but in most instances
serious only m that it is impossible to complete the full course of treatment such
as Fricke employs 1n his divided dose method This is reflected in lis salvage
figures where 28 per cent five year results from the Iimited treatment indicates
a declme of 10 per cent from those of the entire group. Where a single treatment
of intracavitary radmation 15 given the morbidity must be accepted. An mereased
morbidity may be antictpated when intracavitary radiation supplements x-ray
therapy but this merease may be justifiable from the added hope of salvage
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vaginal operation. When the abdominal approach is employed, k‘hc Iiv.cr may l)f!
palpated for metastases, the operation LllSCOnlinllC(!, and md.mm given. This
possibility is manifestly out of the question if the vaginal route is employed: The
patient is committed to vaginal extirpation in the presence of undetectable distant
metastases, Extension of the disease to regional nodes is amenable to treatment by
the abdominal operation but denied to the vaginal method. The presence of
assoctated pathology such as fibraids or ovarian pathology may greatly complicate
the removal from below., In fact, most surgical problems encountered in hysterec-
tomy for endometrial carcmoma can best be managed through the abdomen.
The chief disadvantage lies in the great difficulty that may be encountered in
removing the adnexa, Metastases to the ovary and tube occur infrequently yet
often enough to suggest that failure to remove them must be classed as an jncom-
plete operation. Masson and Gregg believe that the poor nsk patient with a
small tumor in a prolapscd uterus may be attacked by the vaginal method but
otherwise an abdominal hystercctomy is the treatment of choice.

SurnavacINAL HYSTERECTOMY

Supravaginal hysterectomy must be classed with vagmal hysterectomy, without
removal of the tubes and ovaries, as an incomplete operation. Unless unforeseen
difficulties are encountered durmg the operation which make it imperative
to curtail the surgery, it may be categonically stated that there 1s no place for
supravaginal hysterectomy in the treatment of carcinoma of the endometrium.
To be sure, some cases of fundal cancer have been cured by supravaginal hysterec-
tomy, but there are many more where the disease remains or recurs in the
cervical stump or upper vagnal vault Total hysterectomy, regardless of 1ts tech-
meal defficultres, 1s thus essential unless the surgeon is willing to accept an incom-
plete operation for malignant disease. No surgeon will recommend supravaginal
hysterectomy for carcimoma of the fundus as :mything but a poor compromise,

In the majority of mstances, supracervical hysterecmmy has been performed
m complete gnorance of the fact that carcinoma is present within the uterus.
The pathologist 1s the first to make this discovery. This frequently leaves the
surgeon with the problem of handling both the retained cerviv and the adnexa
as well The operation should be performed withm the month accord:
when one or both have been left behind.

Practical Considerations. There are several
when employed routuely, will avoid this tra
:I;: ;;sg:)sr[;f;:ntgdnﬁ;l;;}%n ionf'1 :;rz‘ljr:z:?:: ;vitl:n t,he uterus is an excellent reason
contemplated This would ‘ﬂ ear to % . i e‘e‘:}’ l‘)mse' here Ilysterectnmy T
The vevy case regamaed o Pcll)e;r e axiomatic but is more often neglected

a 2 ar-cut, where curettage can be dispensed wath,
15 apt to be the ease in which disaster occurs. As a further safeguard every utems’
removed whether supravagmally or totally should be opened and inspected at
the operating table before the abdomen is closed, Not inf; :
tage has been performed carc . Not infrequently where curet-
of the nteme normed A cm(')ma mz.\y be found undetected 1n the cornua
t practice of inspecting the open endometrial cavity
will avoid the unfortunate experience of leavx'ng the adnexa or vix i >
prlesence oflunsuspected mahgnancy. To those who recommend total f;tg;;otx:e
wheney
er the uterus 1s to be removed, the not uncommon experience of ﬁndmg

ng to Meigs,

good practical working rules which,
gic misadventure. In the first place
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is nearly unammous agreement that complete hysterectomy with removal of
both tubes and ovaries 1s the treatment of choice. The relatively slow growth of
lesions which aie generally of low grade malignancy occurring withi the heavy
muscle walls of the uterus are factors contributing to the logic of such a procedure.
As noted, radium js given as a prelminary step to sterilize the tumor as far
as possible, 1n order to reduce the risk of dissemination of cancer cells by implant
or lymphatic extension when surgery is performed Whenever the patient’s general
conditton is such that the thought of surgery can be entertained, the entire
uterus and 1ts adnexa should be removed

As regards the use of preoperative radiation it is evident that the aim has not
been to eradicate the pnimary carcinoma within the utcrus. Following radiation
certain sensitive tumors will seem to have vanished, but this should not be taken
as evidence that surgical removal is not the basic part of the planned treatment,
As Behney msists, the removal of the uterus must be performed on all patents
regardless of how well they appear to have responded to radiation. The removal
of the entire uterus is the only way by which we can be sure of the extension
of the disease beyond the uterine cavity. .

Torat. HYSTFRECTOMY INCLUDING ADNEXA

The entire uterus must be removed. As already noted, the carcinoma may anse
low 1 the endometrial cavity or extend down mnto the cervix from a growth
primanly situated high at the top of the fundus. Morcover the longitudinal
lymphatics situated within the uterme wall extend downward to include the
cervix and the upper vaginal wall. The disease then 15 potentially one of the
entire uterus Likewise the lymphatic spread may take place to the ovary and
tube which should be removed regardless of an innocent appearance. One may
be tempted to leave ovarian tissue behind when the disease is discovered m a
relatively young woman Regardless of the size of the primary tumor, such a
considerate attitude cannot be condoned In addition to the possibility of metas-
tases to the adnexa one must consider the advantages to be gained by surgical
castration Ovarian hormone stimulation has been d 1 in relation to etiology.
Castration has proved of value 1n breast carcinoma both as prophylaus against
1ecurrent disease as well as for the effect on known metastases in lung and bone.
The same effects may be anticipated 1n carcinoma of the endometrium There is
increasing evidence that the best results from treatment are obtained when x-ray
treatment 1s given following preoperative radiation and surgery. There 1s Iittle,
therefore, to recommend ovarian conservation in this discase

ABPOMINAL ITYSTERECTOMY

As Novak observes, there are but few dissenters at the present time to the
accepted theory of total abdommal hysterectomy with bilateral salpingo-oopho-
rectomy six to erght weeks following prelimnary raduation Meigs found that
14 of 16 authors discussing the treatment of carcinoma of the fundus preferred
the abdominal approach, winle 8 chose the vaginal route,

VaciNarL HYsTCRECTOMY
The disadvantages of vagmal hysteiectomy are obvious. It is almost impossible
to remove the vartous extensions of carcinoma beyond the uterine cavity by the

. -
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Fic. 47.~Adeno-acanthoma. Positne nodes are found along the common ihac and obturator
areas Note the lecation of the pnmary tumor near the endocervix.

F16. 48 —Ad, 1,

peci; removed at Tot
performed four years previously, al hysterectomy had been
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unexpected malignancy is an added reason for employing this method rather
than supravaginal hysterectomy. If the adneva are retained the uterus must also
be opened before closing the abdomen,

TorAL ABDOMINAL HIYSTERICTOMY WITH BILATERAL SALPINGO-OOPHORFCTOMY

The technic for performing total hysterectomy with bilateral salpingo-cophor-
ectomy has heen adequately described in the textbooks and literature and will
not be repeated here.

Practical Considerations. Catheterization of Bladder and Ureter: If it appears
fiom the gencral configuration of the patient that the operation may be prolonged
1t1s well to insert a Foley type of inlying catheter attached by tubing to a drainage
bottle beneath the operating table. In our experience 1t has not been necessary to
msert weteral catheters. There is no feeling against the use of ureteral intubation
except the impression that they are not essential to successful management.

Closure of the Cervini Closure of the cervix with heavy interrupted silk sutures
is dered a good I mancuver designed to prevent spillage through
the cervical canal Implant metastases on the fresh vaginal wound may thereby
he minimized

Ligation of the Tubes For the same reasons of spillage to prevent soiling of
the cul-de-sac or abdominal meision with tumor cells expressed through the
open tubes, Sampson, Randall, and Counseller recommend ligation of the tubes
as an mitial procedure in the laparotomy.

Handling of the Uterus Likewise it is axiomatic that a tenaculum should
not be placed upon the fundus of the uterus for fear of possible dissemination of
mahgn'\ncy Commonly c]nmps are placed along either side of the uterus along

the broad ] Cc Is that the uterus be handled gently,
using gauze “over the fundus, as tmctmn is maintained by hand rather than by
clamps

General Considerations. Evidence of Distant Extenston: Before electing to
continue with the removal of the uterus, the surgeon should palpate the hver
and the perinortic and pericaval nodal areas for evidence of extension of the
disease beyond the uterus 1f positive nodes are evident this high or hver metas-
tases are extensive then the operation may be discontinued and radm treatment
given. The mere palpation of the nodes along the aorta 1s not proof that discase
has extended this far, for the nodes are frequently inflammatory. There must
be microscopic evidence of disease before abandoning the surgical procedure
Likewise a sohtary liver metastasis 1s not enough to discontinue surgery.

Regronal Extension The regional nodal arcas are palpated for possible exten-
sion of the disease to the hac and obturator nodes. if disease 1s palpated m
the parametna or mvolves the serosa such an extension is possible.

Johnson has advocated bilateral pelvic lymphadenectomy as a regular part of
the hysterectomy for endometnial carcmoma Ward suggests that when the cervis
and fundus are both found to be mvolved with cancer, the radical Wertheim
operation with bilateral pelvic lymphad is ind 1 for
of the endometrium, as 1t is for the cerviv Diseasc mvolving the cervix might
be expected to follow the same pathways as ¢prdermoid cervical carcinoma, Two
recent cases, one of adeno-acanthoma, proved to have obturator metastases when
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endometrium, The operation is completely inadequate as a cancer operation.
If the glands are not to be dissected, at least the urcters should be isolated
and the uterme vessels ligated at their point of origm from the hypogastric
artery. The bladder with ureters identified should be advanced downward so
that an adequate section of parametrium may be removed together with a more
adequate vaginal cuff. Burman, Corscaden, and Arneson all comment on the
frequency of parametrial extension and vaginal metastases. Corscaden believes
that there is an intimate relationship between the uterine and vaginal Iymphatics
to account for the frequency of vaginal met . Arneson bzlieves that 40 per
cent of adenocarcinomas of the endometrium have extension of disease outside
the volume of tissue removed surgrcally. The literature abounds in discussions of
the improved methods of preoperative radiation. The results are improved when
followed by “adequate surgery.” Unfortunately the adequate surgery is a simple
total hysterectomy differing not at all from that performed for benign disease.
One may justifiably question the classification “adequate.” With the common
employment of fluid and blood replacement, plus the use of the antibiotics and
improved anesthesia, more radical surgery is possible without increased risk even
m the obese patient who has endometrial carcinoma.

Postoperative Rocntgen Treatment. The same arguments advanced for more
extensive surgery may equally well apply to the use of x-ray treatment in the
postoperative period. With the aim 1n therapy directed toward individuakzation
rather than standardization, x-ray should not be used routinely. The roentgen
ray in sufficient doses to be cancerocidal mn obese patients is not without ats
hazards, Counseller belteves that surgery alone is all that is needed for the low
grade lesions Schmitz observes, however, that it is not always possible to
determine clinically the extent of the disease and frequently when hysterectomy
is performed the ramifications of the tumor are more widespread than originally
supposed It would thus perhaps be more logical to perform the hysterectomy
mmmediately upon receipt of the diagnosis of cancer. When evidence of extension
of disease be.yc.nd. the uterus 1s encountered, x-ray treatment should be recom-
mended This is in keeping with the views expressed by Payne, Ward, and
Randall who feel that i operable cases the disadvantages of preoperative radia-
o s ey 1 et fo Sl gy ot the avataes
the routine use of pre[o)peranvey r1di'1§2rnmi?;r i, Miller, and others from

adiation, surgery, and subsequent roentgen
radiation Perhaps, as Randall suggests, the improved results may be due to the
surgery and x-ray rather than the preoperative radiation. The fabulation of com-
bined statistics from all clinics employing preoperative radium and surgery shows
actually but little improvement over those cases treated by surgery alone, except
m ;eports from lr‘nldwidulalz‘;limcs or isolated small groups of Casesr_y , excep!
Teatm 1

oper;f:zivei:th‘;ftio: fn:; be 2]:‘;’1?:‘31 Slt)l?;ecme?;ure of the effectveness of pre-
developing after treat Y Smit;;:sxfoemhon of the number of vaginal

und that whereas 63
of patients who were treated surgically without radiatio d per c.ent
metastases, 56 t did . aton eveloped vaginal

per cen so after Preoperative radiation Agai his wi

throw some doubt on what we consider as adequat: gain this would
qQuate surgery, Of the 24 cases
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regional node dissections were done. We are in agreement with Johnson that
wider sections of the parametrium and vagina are possible when this procedure 1s
added. It is not generally practiced and perhaps the increased morbidity and
mortality in older more obese patients may outweigh the value of nodal dissec-
tions as a routine part of the operation. At any rate the possible sites of nodal
metastases should be palpated and appropriate action undertaken.

Operatwe Mortality. The operative mortality for carcinoma of the endometrium
as compiled from the literature ranges from 4 to 7 per cent, Most of this mortality
appears among the carlier cases in any series before the advent of antibiotics and
the era of repeated blood transfusions. Masson and Gregg reporting a mortality
from total hysterectomy of 45 per cent, helieve that in the present day the
mortality should not exceed 2 per cent The majority of cases died of peritomtis,
pueumonia, or cardiovascular accidents secondary to embolism. All three condi-
tions have acquired some measure of effective control. The use of preoperative
radiation should further reduce the incidence of sepsis

Operative Morbidity. No appreciable technical difficulties appear to hase been
created by the preoperative use of radiation and it would appear that except for
mild cystitis and proctitis no postoperative complications are traceable to 1ts use
The abdominal wound as well as the vaginal incisions appear to heal equally
well whether the patient has been previously x-rayed or not Occasionally super-
ficial femoral vemn ligation has been necessary, erther as a prophylactic agamnst
the development of emboli or as a preventive measure following a sublethal em-
bolus, Damage to the ureter need not be, yet occasionally is, followed by ureteral
fistula or frank hydronephrosis if the ureter is cither sectioned or ligated Ureteral
vaginal fistulas frequently repair sy ly. Some infection may develop both
in the abdominal wound and deep pelvic tissues, particularly when the patient has
concomitant diabetes Such infections are seen less frequently with the wide-
spread use of chemotherapy.

Discussion This constitutes the operation considered as adequate surgery for
carcinoma of the endometrium With the preoperatite use of radium and the fact
that the majority of carcinomas of the endometrium are still confined to the
uterus, such surgery may well be adequate for most of the cases with carcinoma
of the endometrium The radiologists are far from satisfied with their technics
for giving radium and x-ray. Certainly we are not 1 agreement with Heyman who
believes that surgery has reached the peak of perfection and that any improve-
ment in the results for carcinoma of the endometrium will come through improve-
ment 1 radiologic technics There is no reason for the surgeon to be complacent
about the surgery for carcinoma of the fundus Actually, the routine operation
commonly employed is exactly the same procedure that we use for a benrgn
fibroid. In how many cases positive glands will be found is debatable and perhaps
routine dissection of the ihac and obturator areas 1s not jushfiable However, when
carcmnoma of the endometrium recurs, it is apt to do so in the parametrial and
paravaginal areas, with involvement of the vagmal vault appearing in about 6

per cent of the cases whether radmm is used preoperatively or not. Meigs found
it in 12 per cent of his series. It is obvious that not enough parametrium or para-
vaginal tissue is being included in the routine operation for carcinoma of the
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massive recurrence in the posterior vaginal wall, The cervix proved to be free
of disease, This patient i ve withont recurrence, one year after the operation.
The second had such minimal disease that the primary lesion could hardly be
detected when an “adequate” operation was done two years before. Massive
recurrence developed. The Iymphaties and residual parametria were infiltrated
with disease, The third had had multiple recurrences throughout the vaginal
mucosa,

Fic. 50 —Total vaginectomy, rccurrence two years after total hysterectomy. The primary tumor
was ounute at the time of hysterectomy

Perhaps the best prophylaxis against recurrence of disease in the parametria

or vagina 1s not rachation but a more adequate primary dissection at the time of
the definitive surgery.

PROGNOSIS

B neoplasm of the endo
confined within thick muscle walls
course of the disease,

rium exhibits a relatively slow growth, is
. , and has a tendency to metastasize late in the
the prognosis 1n general may be regarded as fasorab),
g avorable.
With an operability rate of about 70 per cent, the over-all cure rate for all cases
seen 1n any given series should better 50 per cent
There ar]e many factors bearing on prognosis which must be considered 1n
proper evaluation of the potentialittes of the disease The general condition of
the patient has a direct bearin. i

g on the outcome in that it influences not onl
o . ot only the
type of treatment uttlized but the actual results obtained from the chosen );oxm
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massive recurrence in the posterior vaginal wall. The cervix proved to be free
of disease. This patient is alne without recurrence, one year after the operation.
The second had such mimimal disease that the primary lesion could hardly be
detected when an “adequate” operation was done two years before. Massive
recurrence developed. The lymphaties and residual parametria were infiltrated
with disease. The third had bad multiple recurrences thronghout the vaginal
mucosa.

Fic 50 —~Total vagectomy, recurrence two years after total hysterectomy. The primary tumor
was minute at the tume of hysterectomy.

Perhaps the best prophylaxis against recurrence of disease in the parametria

or vagna 1s not radration but a more adequate primary dissection at the time of
the defimtive surgery.

PROGNOSIS

B pl of the endometrium exhibuts a ly slow growth, i
confined within thick muscle walls, and has a tendency to met;stasize ngrte\in ,th‘s
i;s’urse of the disease, the prognosis m general may be regarded as ;1\ or'lble
1th an operability rate of about 70 per cent, the over-all cure rate f ol o
see'[?] m any given series should better 50 per cent, e
here are many factors bearing on is whi
; r 2 prognosis which must i i
S:oper‘ E\i\Enmm .oi the potentualities of the disease. ﬁeu;enl;;}'ﬂmns‘ger‘cd of
ty; ep:,;c;:eqxds atdlr:lc.t bdeal:'ing on the outcome in that it inﬂuenc;s :?)It] omlmlt}?f
ment utilized but the actual results A
ta
obtamed from the chosen form

all cases
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among a series of over 300 reporting for re-treatment, 15 out of 16 treated with
surgery, or raditm, or radium and surgery had vaginal metastases. Only one of the
24 was permanently cured.

Fricke, Heyman, Smith, Miller, Arneson, and others desised various forms of
local radium treatment to be employed before and after surgery in the endeavor
to cut down the maidence of vaginal recurrences The chief reliance must be

Fic 49 —Total vagmectonty {abdominal) Recurrence 1 \agina 18 months after supraragmnal
hysterectomy Cenvical stump 1 free of disease, Iy mphatic mfiltration

placed on these methods of applying radium locally plus the use of interstitial
platinum-covered radim needles or the mtravagmal cone method of delivermg
x-ray treatment While the prognosis from such secondary mamfestations 1s, by
and large, poor, they may represent the only manifestation of recurrent disease
as noted by Ackerman Treatment 1s therefore mdicated The size of the dosage
cannot be standardized and must by its very nature depend on the size and
location of the dividual metastasis.

Inasmuch as the recusrence m the vagma suggests lymphatic mfiltration, there
are definite disadvantages n treating each solitary recurrence as 1t mamfests itself
Though the procedure 15 not recommended, 3 recent eases were subjected to total
vagimectomy. The findings have more application to the discussion of more
extensive prumary surgery than to the treatment of the vaginal recurrence One
patient had a supravagmal hysterectomy 18 months before she developed a
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not of the associated pathology. The symptoms may be masked by the presence
of fibroids or continued lormone therapy.

In the reproductive period the cluef symptom of bleeding is all too frequently
attributed to the presence of a fibroid. The duration of symptoms in patients with
carcinoma and fibroid is, according to Norris and Dunne, four times as long as
for the group as a whole. In the postmenopausal group, on the other hand,
hormone therapy and minimal nature of the symptoms without pain may tend
to prolong the period before definitive treatment. Inasmuch as the disease is slow
growing, it may appear anywhere from one to 25 years after the menopause. The
role of the duration of symptoms in this group is therefore difficult to appraise.
Scheffey noted that the time wasted before definitive treatment was twice as
Tong in the postclimacterc period as in the premenopausal epoch.

One might expect that pain, which is nsually absent except in the late stages
of the discase, could be regarded as an index of the extension of the disease
beyond the uterus, and therefore indicate a poor prognosis. But Murphy found
only 16 cases among 56 who had pain as a major symptom where the disease
actually extended beyond the uterus, and conversely 43 cases where extension
was proved had no pain at all.

Meig's conclusion that the duration of symptoms has little bearing on prognosis
would seem to be confirmed.

GRADE OF MALIGNANCY

Inasmuch as the final grade of tumor can be assayed only after the uterus
has been removed, the microscopic evidence of the degree of mahgnancy
determined at the time of curettage has little bearing on the type of treatment
proposed. If we could determine that the lesion was of low g'mde malignancy
then early operation, without the time Joss entailed in the use of preoperative
radation, would provide the 90 per cent five-year survival anticipated by
Healy. Since the majority of lesions are erther grade I or II and are said to be
radiation-resistant, this would be of great importance. However, as Randall
notes, the microscopic evidence from curettage gives a false indication of the
true nature of the tumor, for the degree of maturity appears higher in curetted
material than from the sections of the same tumor where invasion of the wall
has occurred As a result the type of treatment chosen is based on other factors
than the grade of malignancy. It is a common observation that specimens from
different parts of the same tumor may show different degrees of differentiation
It is mecessary therefore to have the entire tumor at hand before ev
prognosis on the basis of microscopic gradin,

All authors agree with Murphy that there is a definite decrease in life expect-
ancy which can be traced to the loss of structural differentiation The
the degree of malignancy and the more undifferentiated
the prognosis Where the squamous element enters the
11 per cent), the percentage of cures drops off
employed. In our expenience the true adeno-acantho
radiation. With lesser degrees of squamous cell proli
secured 17 per cent of five year cures from radiatio
however, are only slightly less than for adenocarcin

aluating

higher
the tumor, the graver
pathologic picture (about
sharply when radiation is
ma case is never cured by
feration, Fricke and Bowing
n The results from surgery,
oma. Where the tumors have



294 MONOGRAPHS ON SURGERY

of therapy. If all cases dyng of intercurrent disease are to be classed as dead
from cancer for which they were treated, then in this older age group, associated
with a high percentage of patients with obesity, hypertension, and diabetes, the
deaths from complications traceable to thesc iated d may reduce
the salvage figures as much as 20 per cent according to MacLennan,

M ki, =it T o e e oL R

Fic 51 —Total sagmectomy, the small rounded areas represent multiple recurrences following
total hysterectomy for carctnama of the endometrum There was a hustory of repeated radmm
treatments

The mam factors bearing on the prognosis from mahgnant disease m general
apply also to the Iife expectancy from carcmoma of the endometrium The
duration of symptoms, grade of malignancy, extent of the disease, and type of
tieatment must be considered before ventuning to offer a prognosis m any one
individual patrent

Duration oF SYMPTOMS

Inasmuch as there 1s marked individual variation 1n the cltmcal behavior of any
two tumors of comparable pathology and extent of growth 1t 1s difficult to assay
truly the part played by duration of symptoms upon longevity. The disease may
be of long duration and bulky 1n character yet be amenable to treatment A small
growth may invade and metastasize early, wlile a large growth may give no early
symptoms It is difficult to determine and the lustory may be musleading as to just
when the primary symptom of bleeding becomes a symptom of carcinoma and
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may behave dilferently in different individuals and that there may be complex
variables in tumor growth which are more important factors in the cnd result than
mere extension of the growth. The life span of two different tumors of the
same ctent may be different,

Though the different classification devised to evaluate the extent of the discase
in relation to proguosis are abviously but clinical appraisals, nevertheless there
appears to be a definite relationship between the extent of the disease, based
on the size of the uterus and the prognosis All authors are agreed that the smaller
uterus gives the better prognosis, Healy fecls that a uterus the size of a two
months’ pregnancy should be a favorable case for five year salvage regardless
of whether rachation is used or nat, provided the surgery is adequate. Carscaden
obtained a 75 per cent five year survival when the uterus was smaller than a
two months’ pregnancy, but only 87 per cent when the uterus was further
enlarged, and only 5 per cent when extension was noted beyond the uterus.

Scheffey attempted to simplify the classification by dividing the patients
into twe groups depending on whether the disease appeared to remain confined
to or extended beyond the uterus. The so-called A group was confined to the
uterus, while the B group had clinical evidence of estension outside the uterine
cavity. The resultant figures bear a striking resemblance to those of Healy
and Brown, Miller and Henderson, and Fricke and Bowing whose classification
appears more eclaborate and cumbersome. Scheffey found 74 per cent of the
entire group were in the primary A classification compared to 71 per cent for
Healy and Brown and 69 per cent for Miller and Fricke. The accuracy of the
more advanced stages of the disease is more readily attested than that confined
within the uterus, Direct inspection of the vagina may detect vaginal extension
while a rectal examination s fairly accurate in differentiating broad higament
fivation from malignant disease m contrast to that present m pelvic inflamma-
tory disease or endometriosis

Fricke and Heilmau find a definite relationship between the type of treat-
ment and staging of the disease in evaluating prognosis. Thus while 100 per cent
of the grade I cases treated by surgery survive five years, only 50 per cent were
salvaged by radwm In grade II cases the results from radium and surgery
are about equal while in the advanced cases more of the radiated patients suryine

It may then be stated that however inadequate the classification of the stage
of the disease may be, 1t is nevertheless a clinical fact that the extent of the

disease 15 the most important single prognostic factor other than the actual
type of treatment employed. ’

Txre oF TREATMENT

Before attempting to compare the end results of one type of treatment
opposed to another it is important to be certain that the data fom v.‘vh' h o
clusfons are to be drawn are actually comparable. For example, it ha l;c CO}Y]"
habit of surgeons m this country to reserve radiation thera v ft’)r lhos ot e
who.through age, weight, general condition, or extent o?ydxse ;]e s
co:l\sxd.ered as unsuitable for surgery. Any consideration oot
raciation in comparison with the resul| i
manifestly unfair to radium if results ;lél:xebir:lzto:“zeedl;{:: ;: rtg}ferym\: o bi‘

asure o
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wded and the pathology considered in relation to longevity, approd-
0 per cent of the grade I and II lesions survive five vears. As the grade
sunavals decrease. The medium mahgnancy group salvage about 63
while the higher degrees of anaplastic growth result in cures at five
about 50 per cent. Where radiation is employed as the sole treatment
nal figures are somewhat lower. Fricke and Bowing obtain 59 per cent
es 1 and 11, dropping to 25 per cent for grade HI. and 12 per cent for
". The figure 39 per cent rather belies the previous conception that the
le lesions are radiation-resistant. The higher grades of malignancy with
l-differentiated cells mght be expected to be more highly sensitive to
1and give & higher percentage of cures. That cures are not forthcoming
ps due to the likelihood of earler distant extensions in the more rapidly
tumors. As Arneson also suggests. there is a great difference between
1 sensitnaty and curability. There is general agreement that histologic
at least as far as radution 15 concerned. has less sigmficance than is
t in surgery. where the lower grades of malignancy give a better prog-
w the medium grades. and the latter improved results over the more
sntiated forms of carcmoma

oF iy Disease
asstfication of the extent of malignancy 1s much more difficult to determine
inoma of the endometrium than for cervical malignaney. A variety of
has been suggested. based on the enlargement of the uterns and a
estimate of the degree of extension beyond the uterus. It is obvious that
'mpt to base the prognasis on such findmgs can be at best but an
nation. This s particularly true where the classificabon 15 based
ize of the uterus. At the time of diagnostic curettage and pelvie examma-
ler an anesthetic the size of the uterus may at times be accuratel out-
the obese abdomen but neither the size of the uterus nor the depth
ity @ives accurate mformation as to the extent of the primary lesion
amount of mfltration of the tumor wall. Healv and Brown, Crossen.
nd Schmitz all have classifications based on the size of the uterus and the
f the cavity. The presence of associated fibroids or adnexal pathology
m nature mav alter both the size of the uterus and the degree of fixation.
2 a large gronth man be present m the cavity. enlarging and distending
ut invading the utenne wall. The prognosis from this extent of malignancy
better than the small pnmany tumor which mvades the wall and
. at the serosal surface. Moreover the latter may be a more difficult
1 surgical problem than the larger and more distended uterus.
~ in addition to grading the stages of the disease on the basis of the
uterus and the depth of the cavity. further modifies the classification
nicroscopic findings at the tme of hysterectomy  Of the 39 cases treated
an five vears before. S3 per cent of the grade 1. 75 per cent of grade 11
5 per cent of grade II patients survived. Inasmuch as preoperative
n may destroy the evidence of the extent of the primary tumor, it is
ifficult to determine the magnitude of the original imvohement even
1e uterus has been removed. Ameson feels that the same grade of tumor
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may hehave differently in different indisiduals and that there may be complex
variables in tumor growth which are more important factors in the end result than
mere extension of the growth, The life span of two different tumors of the
same extent may be different,

Though the different classification devised ta evaluate the extent of the discase
in relation to prognosis are obviously but clmical appraisals, nevertheless there
appears to be a definite relationslnp between the extent of the discase, based
o the size of the uterus and the prognosss. Al authors are agreed that the smaller
uterus gnes the better prognosss, Healy feels that a uterus the size of a two
months” pregnancy should be a faverable ease for five year salvage regardless
of whether radiation is used or not, provided the surgery is adequate. Corscaden
obtained a 75 per cent five year sunvnal when the uterus was smaller than a
two months’ pregnancy, but only 37 per cent when the uterus was further
enlarged, and only 5 per cent when extension was noted beyond the uterus.

Scheffey attempted to simphly the classification by dividing the patients
into two groups depending on whether the disease appeared to remain confined
to or extended bevond the uterus. The so-called A group was confined to the
uterus, while the B group had clinical evidence of estension outside the uterine
cavity. The resultant figures bear a stnkmg resemblance to those of Healy
and Brown, Miller and Henderson, and Friche and Bowing whose classification
appears more elaborate and cumbersome. Scheffey found 74 per cent of the
entire group were in the primary A classiication compared to 71 per cent for
Healy and Brown and 69 per cent for Miller and Fricke. The accuracy of the
more advanced stages of the discase is more reachly attested than that confined
within the uterus. Direet mspection of the vagma may detect vaginal extension
while a rectal examnmnation is fairly accurate in differentiating broad ligament
fixation from malignant discase m contrast to that present in pelvic inflamma-
tory disease or endometriosis

Fncke and Hellman find a defimte relationstup between the type of treat-
ment and staging of the disease n evaluating prognosis. Thus while 100 per cent
of the grade { cases treated by surgery survive five years, only 50 per cent were
salvaged by radm In grade II cases the results from radivm and surgery
are about equal while in the advanced cases more of the radiated patients survive.

It may then be stated that however inadequate the classification of the smgc:
of the disease may be, it is nevertheless a clinical fact that the estent of the

disease 15 the most important single prognostic factor other than the actual
type of treatment employed. ’

TYPE OF TREATMENT

Before attempting to compare the end results of one ty)
opposed to another 1t 15 umportant to be certain that the data from whicl
clus}ons are to be drawn are actually comparable, For example, it has ;)C , COIW
habit of surgeons in this country to reserve radiation thempp f,or th ot "
who through age, weight, general condition, or etent of yd{se'\seolse ?ﬂtll)ems
confldvered as unsuitable for surgery Any consideration of the E;‘f ?a"e o
radiation in comparison with the result fo be obtzined from oy e of
mamfestly unfarr to radum if results alone are to be taken :: Kg]%;ym\vould b(;'

< 2 easure of

pe of treatment as
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been graded and the pathology considered in relation to longevity, approxi-
mately 90 per cent of the grade I and I lesions survive five years, As the grade
rises the survivals d The medium malig group salvage about 635
per cent while the higher degrees of anaplastic growth result in cures at five
years 1 about 50 per cent. Where radiation is employed as the sole treatment
the survival figures are somewhat lower Fncke and Bowing obtan 39 per cent
for grades I and 11, dropping to 25 per cent for grade III, and 12 per cent for
grade IV The figurc 39 per cent rather belies the previous conception that the
low grade lesions are radiation-resistant. The higher grades of malignancy with
less well-differentiated cells might be expected to be more highly sensitive to
radation and give a ligher percentage of cures. That cures are not forthcoming
15 perhaps due to the likelihood of earlier distant extenstons in the more rapidly
growing tumors As Arneson also suggests, there 1s a great difference between
radiation sensitivity and curability There is general agreement that histologic
grading, at least as far as radiation 15 concerned, has less significance than is
apparent m surgery, where the lower grades of malignancy give a better prog-
nosis than the medium grades, and the latter improved results over the more
undifferentiated forms of carcinoma

EXTENT OF THE DISEASE

The classification of the extent of malignancy 15 much more difficult to determine
for carcinoma of the endometrium than for cervical malignancy. A variety of
schemes has been suggested, based on the enlargement of the uterus and a
chmical estimate of the degree of extension beyond the uterus It is obvious that
any attempt to base the prognosis on such findings can be at best but an
approximation  This 15 particularly true where the classification 15 based
on the size of the uterus. At the time of diagnostic curettage and pelvic examina-
tion under an anesthetic the size of the uterus may at times be accurately out-
Iined n the obese abdomen but neither the size of the uterus nor the depth
of the cavity gives accurate information as to the extent of the primary lesion
nor the amount of infiltration of the tumor wall. Healy and Brown, Crossen,
Ward, and Schmitz all have classifications based on the size of the uterus and the
depth of the cawity. The presence of associated Sbroids or adnexal pathology
of bemgn nature may alter both the size of the uterus and the degree of fixation
Likewse a large growth may be present in the cavity, enlarging and distending
1t without invading the utenine wall The prognosis from this extent of malignancy
may be better thap the small primary tumor which vades the wall and
presents at the serosal surface Moreover the latter may be a more difficult
technical surgreal problem than the larger and more distended uterus.

Miller, i addition to grading the stages of the disease on the basis of the
size of uterus and the depth of the cavity, further modifies the classification
by the microscopic findings at the time of hysterectomy. Of the 39 cases treated
more than five years before, 83 per cent of the grade 1, 75 per cent of grade II,
and 615 per cent of grade III patients survived Inasmuch as preoperative
rachation may destroy the evidence of the estent of the primary tumor, it is
again dificult to determme the magmitude of the original invohement even
when the uterus has been removed Ameson feels that the same grade of tumor
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may behave differently in different individuals and that there may be complex
vatiables in tuwor growth which are more important factors in the end result than
mere estension of the growth. The life span of two different tumors of the
same evtent nay be different.

Though the different classification devised to evaluate the extent of the disease
in relation to progaosis are obsiowsly but clinical appraisals, nevertheless there
appears to be a definite relationship bhetween the extent of the discase, based
on the size of the uterus and the prognosss. All authors are agreed that the smaller
uterus gives the better prognosis. Healy feels that a uterus the size of a two
monthe pregnancy should be a faverable ease for five year salvage regardiess
of whether radiation 15 used or not, provided the surgery is adequate, Corscaden
obtained a 75 per cent five year sunnval when the uterus was smaller than a
two months’ pregnancy, hut enly 37 per cent when the uterus was further
enlarged, and only 5 per cent when extension was noted beyond the uterus,

Schiefley attempted to simphfy the classification by dividing the patients
into two groups depending on whether the disease appeared to reman confined
to or extended beyond the uterus The so-called A group was confined to the
uterus, while the B group had clinseal evidence of extension outside the uterine
cavity, The resultant figures bear a striking resemblance to those of Healy
and Brown, Mller and Henderson, and Fricke and Bowing whose classification
appears more elaborate and cumbersome. Scheffey found 74 per cent of the
enbire group were m the prunary A classification compared to 71 per cent for
Healy and Brown and 69 per cent for Miller and Fricke, The accuracy of the
more adsanced stages of the disease 15 more readily attested than that confined
within the uterus Drrect inspection of the vagina may detect vaginal extension
while a rectal examination 1 fairly accurate in differentiating broad ligament
fixation from malignant disease i contrast to that present in pelvic inflamma-
tory discase or endometriosis

Fricke and Helman find a definite relatiouslup between the type of treat-
ment and staging of the disease in evaluating prognosss. Thus while 100 per cent
of the grade 1 cases treated by surgery survive five years, only 50 per cent were
salvaged by radium. In grade II cases the results from radium and surgery
are about equal while 1 the adsanced cases more of the radiated patients survive,

It may then be stated that however madequate the classification of the stage
zfszl;zcd‘l:c:ls]: r:lz};tb;,] it is nev?nhclcss a Cllr}lc(ll fact that the extent of the

portant single prognostic factor other than the actual
type of treatment employed.

Tyrr oF TREATMENT

Before attempting to compare the end results of one
opposed to another it is important to be certan that the (;?\,tpneffnfn:rf:}i:im
clusions are to be drawn are actually comparable, For example, it has by L’Ol"-
habit of surgeons 1n this country to reserve radiation therapy f;r thos: 93? e
who through age, weight, general condition, or extent of disease Ie ?ﬂ {)ems
Con'sld.cred as unswitable for surgery. Any consideration of the ;ff tzdv‘e o
radiation mn comparison with the result to be obtained from s rr wencss of
manifestly unfair to radium if results glone are to be taken ““rt%;")’mw““ld b(;
ke easure of
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been graded and the pathology considered m relation to longevity, approvi-
mately 90 per cent of the grade I and II lesions survive five years. As the grade
nses the survivals decrease The medium malignancy group salvage about 65
per cent while the higher degrees of anaplastic growth result in cures at five
years 1 about 50 per cent. Where radration is employed as the sole treatment
the survival figures are somewhat lower. Fricke and Bowing obtain 839 per cent
for grades 1 and 11, dropping to 25 per cent for grade III, and 12 per cent for
grade IV The figure 39 per cent rather belies the previous conception that the
low grade lesions are radiation-resistant. The higher grades of malignancy with
less well-differentiated cells might be expected to be more highly sensitive to
radiation and give a higher percentage of cures. That cures are not forthcoming
is perhaps due to the likehhood of earlier distant extensions in the more rapidly
growmng tumors As Amneson also suggests, there is a great difference between
radiation sensitiity and curability There is general agreement that histologic
grading, at least as far as racdiation 1s concerned, has less sigmficance than 1s
apparent n surgery, where the lower grades of malignancy give a better prog-
nosis than the medium grades, and the latter mmproved results over the more
undifferentiated forms of carcinoma.

EXTENT OF THF DiSEASE

The classification of the extent of malignaney is much more difficult to determine
for carcinoma of the endometrium than for cervical malignancy. A variety of
schemes has been suggested, based on the enlargement of the uterus and 2
climcal estimate of the degree of extension beyond the uterus. It is obvious that
any attempt to base the prognosis on such findmgs can be at best but an
approumation  This 15 particularly true where the classification 1s based
on the size of the uterus At the time of diagnostic curettage and pelyie examina-
tion under an anesthetic the size of the uterus may at times be accurately out-
Imed m the obese abdomen but neither the size of the uterus no the depth
of the cavity gives accurate mformation as to the extent of the primary leston
nor the amount of méltration of the tumor wall Healy and Brown, Crossen,
Ward, and Schimtz all have classifications based on the size of the uterus and the
depth of the cavity. The pesence of assoctated fibioids or adnexal pathology
of bemign nature may alter both the size of the uterus and the degree of fiaation
Likewise a large growth may be present m the cawity, enlarging and distending
1t without invading the uteime wall The prognosis from this extent of malignancy
may be better than the small pnmary tumor which mvades the wall and
presents at the serosal surface Moreover the latter may be a more difficult
techmcal surgical problem than the larger and more distended uterus.

Miller, 1n addition to grading the stages of the disease on the basis of the
size of uterus and the depth of the cawity, further modifies the classification
by the mucroscopic findings at the ime of hysterectomy OF the 39 cases treated
more than five years before, 83 per cent of the grade I, 75 per cent of grade II,
and 615 per cent of grade IIl patients survived Inasmuch as preoperative
radiation may destroy the evidence of the extent of the primary tumor, it is
again difficult to determme the magmtude of the origmal mvolvement even
when the uterus has been removed. Arneson feels that the same grade of tumor
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Surgery Radium and Surgery Nadium or X-ray
Total cases 121 89 IZZ
Five year aluage 5% 8 per cont 05,2 per cent 25 2 per cent

An explanation of the poorer results from radiation than is generally acquired
may lie in the fact that the clinic is surgically minded and only the poorest risks
are subjected to radiation. The radiation technic is also open to criticism in that
the single application employed in this chnic has been proved clsewhere to be
less cffective than other methods which gine a more homogencous radiation,
Heyman for example has treated 331 patients between 1914 and 1933 with a
single linear application wath a relative cure rate of 416 per cent, In 1933 the
technic of packing the uterns with multiple small radium capsules was introduced
in order to obtam a wmore untform radiation of the entire cavity. 316 patients
were so treated from 1934 to 1939 with a 619 per cent five year survival, Inas-
much as radiation is the treatment of choice in this clinie there is less aperative
interference and the two series may be regarded as unselected and suitable
for companson. The 17 per cent improvement is directly traceable to radiation
technic. Arneson employing a sumlar techme obtained only 22 per cent salvage
from radim alone with smgle applicator, but 32 per cent with packing. The
results from radium and hysterectomy were 54 per cent for the single tandem
applicator and 79 per cent after packing the uterus with radium capsules,

Discussion

The compilation of end results does not indicate an ontstanding improvement
in the results obtamed from preoperative radiation when considered in bulk,
though smaller series such as Ameson’s are encouraging. It is probable that
more adhanced cases are now beng included in the operable group, though the
same explanation apphes to those treated by surgery alone. Taylor and Becker
made note of an encouraging trend when, in their series of 119, hysterectomies
followed a preoperative radiation course of 3600 mg. hours, the end results were
found to be 44.1 per cent for the entire group but increased to 73.8 per cent
when no residual tumor was found n the uterus. Arneson noted a similar per-
centage difference and believes that persistence of carcinoma after radiation is
more jmportant 1 prognosis than size of lesion or grade. Inasmuch as Stowe
beheves that a rare senies of preoperatively radiated uteri will show more than
50 per cent of the tumor destroyed, this difference in survival rates is most
mportant Taylor postulates that the difference in effect may be due to the
effect on the more distant tumor cells But, as Randall observes, if radiation is
to be effective n eradicating disease m areas not ordinarily approached surgi-
cally, such as the trigone area of the bladder and the distant parametria, then
the radiation should be gnven as m cancer of the cervix. The complicali(;ns of
surgery following such intense rachation may increase the morbidity and mortalit
in these obese patients to the pomt where no improvement will be noted in lh};
over-all cure rate This agan brings up the question of what we mean b
adeqlfate surgery. Whether preoperative radiation is given or not the sqm)(:
tech{nc employed for benign disease of the uterus cannot by any standar(i be
i;lns;(éergd as adequate for malignant disease. Whether or not the regional nodes

ould be dissected, as suggested by Johnston, is debatable, but certainly in
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success or failure of the treatment. Likewise enthusiastic reports appear in the
literature of the improved salvage figures to be obtamed by the preoperative
use of radium in comparison with those from surgery alone. Again the data are
not comparable Actually surgical condittons today are not what they were
15 years ago The drop n operative mortality from total hysterectomy with
removal of the adnexa would practically balance the mmprovement in salvage
figures noted from the use of preoperative radiation With the modern adjuncts
to surgery such as blood and fluid replacement, improved anesthesia, and
chemotherapy, better results from surgery could be anticipated in cases of com-
parable extent of disease and general physical condition, The results of surgery
of 15 years ago are being used as a basis for comparison with the results obtained
today. Moreover total hysterectomy 15 years ago was not the procedure of
choice for all pathology requiring hysterectomy as it is today The familianty
with the technical details of the surgery was limited to the experience to be
gained from the infrequent case of caremoma of the endometrium, With the
experience gained from total hysterectomy for bemign disease, the results from
surgery alone would obviously be mmproved over those of 15 or 20 years ago.
Conversely, with increased farmhanty with the techmeal details and the
newer additions to surgical armamentarium, more advanced disease m poorer
risk patients 15 being subjected to preoperative radiation and surgery. If the
results obtamed from preoperative racdiation and surgery do not indicate an
outstanding increase in salvage, part of the explanation may be traced to such a
cause.

Inasmuch as it takes about 10 years to collect a series of cases of carcinoma
of the end rium of suff gmitude to be statistically important for
end result study, the larger series reported deal with experience prior to 1935,
while the smaller sporadic groups of less statistical validity deal with the
experience 1 treatment since that time This explamns 1 part the marked
variation 1n the results obtaned from preoperative radiatton and surgery.

An attempt has been made to compile from reports in the literature through
1948 end results from the use of surgery alone, surgery plus radium, and radia-
tion alone.

Surgery Plus Radsation

{Varous combinations of Raduation Alone
surgery, radium, and (Radium alone or
Surgery Alonc x-ray) radwm plus z-ray)
Total cases 1,884 1,230 2,387
Fne year salvage 63 7 per cent 60 3 per cent 38 per cent

It 15 mteresting to compare these figures with a similar compilation from the
Itterature reported by Arneson in 1936.

Surgery Surgery Plus Raduation Raduation
91

Total cases 998
Five year salvage 57percent 60 per cent survinal 87 per cent sunvnal

Comparing these results with our own expenence gathered from the Massa-
chusetts General Hospital and the Pondwille Hospital, M husetts Depart-
ment of Public Health, a stnking similarity 1s apparent.
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view of the location of the late in the p | area and vagina
one may argue for a more complete dissection at the time of the origmal
surgery. Pemberton and Smuth, Masson and Gregg, and Miller note a 13 per cent
drop in the salvage rate between the fifth and 10th years Miller believes that 71
per cent of the late deaths are due to carcinoma The difference then is not
alt traceable to intercurrent disease. There appears to be sufficient reason to view
critically the type of surgery we are employing routmely for carcinoma of the
endometrium, regardless of the radiation supplement or when it is employed.

There are two outstanding sertes m the literature which give an optimistic
prognosis for the treatment of carcinoma of the endometrium in the future.
Heyman, employing the packing technic for radiation of the endometrial cavity,
secured a 66 per cent survival at five years among 153 cases considered operable.
Where radiation was beheved to have failed, 13 additional cases were later
subjected to surgery ncreasing the survival to 75 per cent This would seem
to mdicate that radiation properly given may be expected to do as well in the
operable cases as surgery Whether this experience can be repeated universally
throughout the world clinics 15 questionable. Miller employing preoperative
x-ray followed 1 six weeks by surgery salvaged 77 per cent of five year cures
among the so-called favorable or operable group. Unfortunately this group
represents only 30 per cent of the total seen. Where the same technic is applied
to the advanced cases the salvage 15 only 28 per cent For the entire group of
322 patients seen the five year salvage of 60 per cent 1s reported, with, as m
most sertes, about 10 per cent too far advanced for any treatment. Though
these figures are commendable and give a hopeful tinge to the possibility of
longevity, the same 12 per cent decrease is noted i the 10 year survivals when
only 63 per cent are found to be alive

It would appear that the addition of radiation both preoperatively and post-
operatively 15 a valuable addition to the surgery as now performed The number
of vaginal and parametral recurrences together with the 12 per cent difference
i salvage rates between the fifth and 10th year would seem to indicate that we
must devote some of our mterest n the proper treatment of carcinoma of the
endometrium to the subsequent surgery as well as to the improved technies m
radiation.
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Nontuberculous, Nongonorrheal Infections
of the Urinary Tract

RICHARD CHUTE, M.D,

GENERAL ETIOLOGIC CONSIDERATIONS

HFRE At SEAFRAL Toutes by which feeting bacteria may enter the urinary
Tlmct, Bacteria are not ufrequently introduced into the bladder, and occa-
sionally into the hidney, 1 the course of mstrumentation such as catheterization,
C"\'Sl(‘ls(:'()p‘\'. cte. Also the bladder occasionally becomes infected by the upward
estension of an acute urethrits or acute prostatitis. Another route by which
bacteria commonly enter the urinary tract is via the kidncys, to which they
have been brought by the blood stream from some focus of infection elsewhere
mn the body. Such foct may be mflammatory catarrhal conditions of the mucous
membranes such as acute upper respiratory infections or acute gastro-enteritis,
abscessed tecth and the transient bacteremia which sometimes follows their
extraction, infections of the tonsils, middle ear, galibladder, appendix, or of the
blood stream tself (septicemia). From such foci bacteria frequently invade the
blood stream and thus are brought ta the kidney. Undoubtedly bacteria are thus
frequently brought to a normal kidney, but are eliminated through this normal
kidney and the rest of the unnary tract, if 1t is normal, without gaming a foot-
hold and creating an mfechon However, if the bactera brought by the blood
to the kudneys are either extremely virulent or are in overwhelming
an infection will result, even m the case of healthy normal kidneys,
an 1nfection will be hilateral. When the bacteria are m sm
less virulence, the question of whether or not they will cause an infection, and
if so, which kidney or part of the urtnary tract will be affected, is determined
by whether or not there evists anywhere in the urmary tract any of the well
recogimzed conditions—which will be mentioned shortly—which reduce local
resistance to infection and thus predispose to its occurrence.

If one of these predisposing conditions such as hydronephrosis or residual
unne in the bladder is present, an infection of the part affected by it will
probably result. This was shown in a striking manner by the experimental work
of Mallory and his co-workers. In a series of rabbits they partially occluded
one ureter with a constricting ligature, thereby producing hydronephrosis The
c.)ther kidney and ureter were untouched. Colon bacilli were then injected

intravenously and an acute pyelonephnitis, similar to that seen in man, was
307
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obstruction, stricture of the urethra oceurning anywhere from the bladder outlet
to the meatus, caleuli in the bladder or urethra, diserticulum of the bladder or
urethra, venrogenic “pasalyred” Bladder due ta nenve trauma or disease, valves
of the postenor urethra in children, foreign body in the urethra, and even to a
prepuce with a tny pinpoint meatus While this list includes most of the causes
of ohstruction and resulting staus. there are undoubtedly other causative lesions.

Stonr

The second commanest factor favormg fection is the presence of stone
anywhere in the urinary tract By its constant contact with the tissues a calculus
causes continual irntation, forcign hody reaction, and mumor trauma, which
Tower the local resistance of the tssues to mfection whose occurrenee and con-
tinuance are thereby encouraged. In addition to this foreign body reaction of
continuing trauma, the presence of stone anywhere in the unnary tract is also
often associated with a greater or less degree of obstruction and resulting stasis.
As is true i the case of stasis, 1t is urtually impossible to eradicate infection
permanently by any means whatsoever in the presence of stone.

TravMa Anp Fonries Bopies

As already pointed out in the case of stone, trauma favors the eccurrence and
contnuance of mfection This trauma may be due to the presence of stone or of
any other foreign body m the unnary tract—a rubber catheter or nephrostomy
or cystostomy tube, for cxample—or it may be due to more active physical tissue
brusing of vanng degree due to catheterization of the bladder or urcters,
cystoscopy, or dilatation of the wreter or urethra. A different Hype of trauma
may also be produced by chemical wntation from any cause, such as lavage of
the bladder by too strong an antiseptic solution, or the renal injury and conges-
tion followny, the ingestion of mercury nchloride. ’ )

Chromeity of mfection 15 a potent factor miltating against the permanent
cure of an infection. In the case of a chrome infection, for example, a mild but
long-standing colon bacrllus pyelonephritis, the chromeally mfected tissues
have undergone irreversible changes of chronic inflammation and subsequent
fibrosis, and seem to have lost their vitality and to have become accustomed to
therr chronic nfection which they are unable to throw off completely. even
with the aid of the most powerful modern drugs and antibiotics ’

Thus there are three factors which favor both the occurrence and continuance

of infection- stasis, stone, and trauma, and a fourth factor, chromaity of infection,
which often stands in the way of a permanent cure. ’

CLINICOPATHOLOGIC CONSIDERATIONS

\ Oncehan nfection occurs in any part of the unnary tract 1t may well spread
0 another part of the tract, if not quickly cured, especially if any of the before-
mef:l;mned ?redisposmg factors are operative For wstance, a man with a luge
residual urine due to prostatic obstruction, which has become mnfected sub;‘»
quent to numerous catheterizations, is apt to develop pyelonephritis, the infec-
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produced m the obstructed kidneys in about 75 per cent of the animals. Patho-
logically the acute lesions were found to arise from interstitial abscesses starting
around clumps of the bacterta in the small blood vessels and also as a result
of organisms passmg through the glomeruli mto the tubules. It was significant
that m the unobstructed kidneys extensive pyclonephritis was never found.
More evidence m this direction 1s furnished by Bell who has found that about
90 per cent of the cases of pyelonephritis are associated with hydronephrosis,
At this pomnt, 1t must be mentioned that direct mnvasion of the urmary tract by
the bactena of the mtestine via the lymphatics 1s claimed by some. However,
no truly convinaing evidence of this occurrence has been produced, and general
opmion 1s that this seldom if ever oceurs.

Thus the occurrence of a blood-borne infection 1s dependent partly on the
number and virulence of the orgamsms brought to the kidneys, and partly on
the local resistance of the kidneys and other parts of the unnary tract to those
bacteria Smce this resistance 1s affected so greatly by certamn conditions, they
are of great importance, Those conditions, which are generally recognized as
reducing resistance and thus predisposing to infection, are the presence anywhere
in the urmary tract of (1) stasis, (2) stone, or (3) local trauma or congestion.

StAsts

Undoubtedly the commonest condition predisposing to infection is stasis.
Probably the reason 1t 1s so effective 1n this respect 15 the fact that the flow
of urine through the organ or region affected 15 impeded so that emptying 1s
interfered with and residual urine 1s always present This creates an ever-present
reservoir of an excellent culture medium (urine) which constantly invites bacterial
growth, and which by its poor drainage favors the continuance of any infection
once 1t has occurred It 1s a chmcal fact that nfection, once established, can
practically never be permanently eradicated, even with the most powerful
modern drugs and antibiotics, until stasis has also been corrected. Another
frequent clinical observation 1s that wherever continual stasis exists, infection 1s
apt to occur sooner or later Lestons associated with stasis in the urmary tract
are many and may be found all the way from the upper pole of the kidney
to the tip of the urinary meatus. Examples 1 the upper urmary tract are hydrone-
phrosis secondary to congenital causes of obstruction at the ureteropelvic junc-
tion such as valve, stricture, high insertion of ureter mto the renal pelvis or
aberrant vessel, also hydronephrosis, with or without hydro-ureter, secondary
to obstruction caused by renal or ureteral stone, by tumor within the urinary
tract, or by pressure from a tumor or mass outside the unnary tract, e g., carcinoma
of the cervix or retropentoneal mahgnancies, and also the physiologic dilatation
of the kidneys and ureters m pregnancy

Other causes of stasts in the upper urmary tract are ptosis of the kidney with
kinking of the ureter and resultant obstruction, dilatation of one or more calices
of the kidney secondary to obstruction from stone or from stricture of the
infundibulum communicating with the pelvs, stricture of the ureter congenital
or acquired, congenttal megalo-ureter, and ureterocele

Stasis 1n the lower urinary tract may be due to benign or malignant prostatic
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DIAGNOSTIC CONSIDERATIONS AND PROCEDURES

Infection in the urinary tract always gives nse to pus eclls and, if acute, some-
times akso to red bload cells, thus producing pyuria and now and then some
degree of hematuria, Needless to say, the mifecting bacteria are present in the
urine. Ina patient in swhom there is a question af au infection of the urinary tract,
the urethral meatus should first be examined for a discharge and, if any is present,
a smear made on a glass shde and a culture taken if this s feasible. Gram stain
of the smear may reveal th type of organism cansing the discharge. 1 there is
an acute dlw]mr'gu with no liistory of recent chemieal drrstation, as by vencreal
prophylavis, and no organtsms ean be demonstrated by Gram stain of the smear,
a special culture should be taken for the “L” baallus (about which more later).
After looking for a urethral discharge, the so-called two-glass voiding test is
carried out, of the patient 15 a male This consists of having the patient void the
first 75 ce. of his nrine into one glass, and the remainder into a second glass, In
this way pus m the unne origmating from the urethra only can be differentiated
from pyuria of the bladder urine, smee the first glass of the voided urine contains
exudate washed from the urethra, while the second part of the voided urine
passes through the washed urethra and s representative of the bladder urine.
Thus in the case of urethntis without infection of the bladder urine, the first part
of the urine will be clondy, but the second part will be clear. However, in a case
where the bladder unne is infected. both first and second specimens will be cloudy.
This simple test 15 of considerable practical value m the differential dagnosis
of the source of pyuna m males. If both unnes of a two-glass test are cloudy, it
15 possible that the cloudiness ts due to cryslnk. A portion of each urine is taken
and a small amount of 33 per cent acetic acid is added to each. Any cloudiness
due to the common “alkaline™ phosphatic crystals clears completely, so that
whatever cloudiness is left is not due to crystals, with the exception of uric acid
crystals which are not dissolved, but which are rare m fresh urine. Needless to
say, cloudy urines should be cultured and also their sediments should be checked
mieroscopically for the presence and quantity of the pus cells, red blood cells, and
bacteria,

When obtaining the bladder urme of males for culture, it is quite satisfactory
to use the second part of the urme voided mto a sterile receptacle, rather than
resorting to catheterization. On the other hand, when obtaining the urine of
females for examination of the sediment or for culture, experience has shown
that it is y to use a sp obtaned by aseptic catheterization, on
account of the unavoidable vaginal contamination in a voided specimen. In the
case of a very sick patient, where 1t 1s important to start proper therapy as soon
as possible, and to avord 12 to 24 hours’ wart necessary for culture growth, an idea
fé the general type of infecting bactena may be gamed by doing an immediate

Tam stam of the fresh unine sediment, preferably centrifuged. If Gr
1s not available or convenient, a farrly accurate estimate of the ¢
bacteria can be made by locking at the sediment of the fresh w
if possible, under the mucroscope  Motile b.
colon bacilli, while motile bacalls m an alkaly

am staming
ype of invading
X rine, centrifuged
acill in an acid urine are apt to be
ne wnne are apt to be Bacillus protens
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tion having “ascended” from the bladder. Sometimes this is by dircct ascent
in continuity via the lumen or tissues of the ureter, especially if the ureter 1s
dilated, in which case a direct reflux may be sometimes demonstrated. In some
cases, particularly where there 15 no obstruction m the lower urinary tract or
residual unne in the bladder or dilatation of the ureters, it is felt that the route
of the infection 15 probably from the infected bladder to the blood stream and
thence to the kidney.

Also in the case of a patient who has contracted a blood-borne pyelonephntis,
the nfected urine naturally flows down into the bladder, and if this is affected by
one of the predisposing factors, such as stasis due to prostatic obstruction, that
bladder will become mfected. Furthermore, even if the kidney infection clears
up, that bladder will remamn mfected until 1ts own element of stasis has been
remedied Another example of infection extending from one part of the urinary
tract to another 1s the fact that frequently an acute anterior urethritis, if
unchecked, will extend upward to the postenior urethra, and thence the nfection
will spread to the prostate and the bladder, and may even extend to the seminal
vesicles and down the vas to involve the epididymis. Thus 1t 15 that clhmeally
infection of one part of the urmnary tract cannot always be considered as a
separate disease entity of one organ anatomically separated from the rest of the
tract It may well spread, and therefore this charactenistic must be taken into
account when treating it.

Furthermore not all renal infections are of the same type or produce the same
pathologic picture, For example, a hematogenous infection with virulent staphy-
lococci tends to produce acute focal abscesses 1n the glomerular system of the
kidney cortex without involving the pelvis of the kidney, whereas in an ascending
pyelonephnitis, orgamsms of the colon bacillus group tend to attack first the
pelvis and then to extend diately 1nto the medullary pyramuds and involve
the parenchyma The fact that these different types of bacteria tend to produce
dufferent types of lesions, plus the fact that these lesions may be modified by
different accessory factors such hydronephrosis or stone, also plus the fact that
one type of bacterial wfection may be superimposed upon the lestons of another
type—all these result in pathologic pictures that are complex and vared, although
certain main common patterns stand out.

Before the recently awakened interest m the bacteria causing nfections of the
urinary tract, and the advent of the newer drugs which are now used to combat
them, 1t was generally assumed that practically all mfections of the urinary tract
were due to the colon bacillus, except those due to the tuberculosis bacillus or to
the gonococeus However, 1t is now realized that although the colon bacillus is
the a derable variety of org; may infect the unnary tract,
and that different types of renal lesions may be produced by different bacteria,
as already mentioned. Also 1t has been found that all bacteria are not affected
similarly by the same antibacterial drugs, but that certain types of infections are
best treated with certain agents These constderations have awakened a keen and
necessary interest in the bacteriology of urinary tract infections, and identification
of the organism or orgamsms present is now one of the very first steps to be
carried out as a guide to the most effective and mtelligent treatment.
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acute pyelitis, but since the term “pyclitis” indicates inflammation limited to the
Ridney pelvis, and since this limitation of infection probably never occurs, as it
has been found that the parenchyma of the hidney is invariably also involved, this
condition is nuw thought of and referred to as acute pyclonephritis. As already
stated, this may be blood-home from an acute infection anywhere in the body,
or may “ascend” from an infected bladder, often one that has recently been
opcr.ltcd upon, Also it may follow cystoscopic urcteral catheterization or
instrumentation,

Pathology. In acute pyelonephritis of the calon-hacillus type the idney is
swollen and congested, and in the parcnchym.\ there are patchy areas of sup-
puration, which tend to take the form of tiny round abscesses in the cortey, and
of yellow lines of suppuration in the pysamids. The Lidney pelvis is reddened
and contains pus, and its mucosa 15 covered with inflammatory exudate. Micro-
scopic examination shows leukocytes in the glomeruli, and the tubules filled
with leukocytes and inflammatory evudate from degencrative changes in the
tubular epithelivm,

Symptoms, Signs, and Diagnosis. Clinically acute pyclonephritis starts with
malaise and a sudden high fever, and may be ushered in with a chill. There is
moderate leukocytosis. There is pain in the affected kidney, and tenderness and
spasm to deep pressure in the corresponding costovertebral angle or to the
“Murphy punch” m this region. This latter is a most reliable test of inflammation
m and about the kidney, and consists of striking the costovertebral angle a
light blow with the heel of the clenched fist when the patient is in the sitting or
standing position If there is inflammation present, the jarring of the blow causes
the patient to wince from pain i the hidney, whereas if there is no inflammation
Shc Lght blow causes no discomfort. The difference in this respect between the
imolved and the ur}invcl\'ed kidneys in the same patient is often stnking. Urinary
frequency or burning may or may not be marked. Anorevia is common and
{r:;l:;emly'the patient feels nausentefl and somehmcs-\oml!s. There is a tendency
to adynamic tleus, and the abdomen is often greatly distended with gas. The urine
is apt to be scanty and concentrated, and urinalysis shows many pus cells. Gram
stain of the urin‘ar‘y sediment nn(! culture will show bacteria. The Kidney function
:(r:dms (10 be diminished temporarily, Unless some complicating factor is found {for

ample, a stone obstr.uctmg a ureter), neither plain x-rays or intravenous
urography shows anything abnormal except reduction in Lidney function, The
diagnosis of acute pyelonephritis is made on the basis of the ahove si n; and
symptums—malz\lse.and sudden fever, possibly ushered in with a chill, :%nore‘(ia

Trcatment., Since the kidneg tuhyl o e auhed.
matory exudate, these shoulz be “ﬂiSS}:S colztggli;l \vnl.l tle.uk:ocytes and jnflam-
mtake of fuid by mouth, or, if the patient ; maintaining a considerable
mouth, by intmzenous administmtilc)m‘ (il: tl]iixsmel::rintiiuz; C:“l'IOlstag( ¢ enough l?y

per 24 hours should be taken by mouth or, if this iS};r;l ossﬂilﬂgle; 01 0 N of fluid
Toute unless the patient’s crrculation will pot Stang it e, by the intravenous
dermoclysis may be resorted to. Since th b: e Whmh~ case hypo-
e
cause systemic acidosis, th . ¢ embarrassed renal function tends to
» the carbon dioxide content of the blood should be esti-
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or Baeill (Pseud. aeruginosa). Cocci in clusters are probably
shphylococcx, whereas cocci in chains are streptococar. These observations can
be used to gmde therapy at the start—subject to confirmation by culture later.

SPECIFIC TYPES OF BACTERIAL INFECTION

At this time the bacteria, with the exception of the tubercle bacillus and the
gonococeus, commonly producing infections of the urmary tract will be listed, the
chmcopathologie characteristics of each type descnibed, and the treatment most

TABLE I

Bacteria CorxnoNLy Propucing INFECTIONS OF TuE URINARY Tract
Bacills (All gram-negative)

“Entenc” type — colon-aerogenes-proteus group
Escherichia colt (Bacillus coli}
Aerol

g lactis i
Bacillus proteus

Bacillus p P )

Fredlander's bacillus (Klebsiella pneumunlae or Bacillus mucosus capsulatus)

Hemoplalus infleenzae (Pfeiffer's bacillus)

Bacillus faecalis alcaligenes

Paratyphotd or salmonells group

Cocer (Al gram-positive)

Staphylococeus (Staphylococeus aureus)
(Staph ﬂomccux albus)
Streptococar  (mostly from 1 feld’s Cmu{: D—E; )
(usually aerobic, rarely anacrobic)
Streptococe: mostly of entenc origin
Streptococcus faecahs {beta hemolytic and gamma nonhemolytic varieties)
Enterococe
Alpha Streptococcus tiridans

Pleuropneumonia Organtsms (“L” Bacillus)

efficacions for each will be given, It will be seen from the st that the common
invaders of the urinary tract are either gram-negative baallli or gram-positive
cocer Every one of the spectes of bacteria listed has different strans within its
species, each of which may differ 1n susceptibility to various drugs and antibiotics.
Also during the course of treatment, the susceptibility of a stram may change and
1ts resistance to the antibiotic may mcrease markedly, Simultancous infections
with more than one organism are unfortunately common. These are much more
resistant to therapy and more difficult to treat than “pure” infections wath only one
orgamsm, as will be brought out later

Acute Pyevonerunitts (CoroN Baciirus)

Let us now tahe up particular types of mfection, first considering the com-
monest kidney infection—acute pyelonephnitis, which is usually due to bacilli of
the colon group. All wnters arc united in finding that the colon baaillus is the
commonest orgamsm found infecting the urmary tract, different observers giving
the incidence from 60 to 80 per cent of all mfections, Formerly this was called
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acute pyelitis, but since the term "pyc]ilis"‘indi('fmw inllammation limited to lh‘c
Ridney pelvis, and sinee this limitation of infection pmhthy never ocenrs, as fl
las been found that the parenchyma of the Kidney is invariably also ‘mwh'(‘d, this
condition is now thought of and referred to as acute pyclonvphrim: As already
stated, this may be Dloed-borne from an acute infection anywhere in the body,
or may “ascend” from an infected bladder, often one that has rcct:n(l)" been
operated upon. Also it may follow  cystoscopic ureteral eatheterization or
instrumentation.

Pathology. 1n acute pyclonephritis of the colon-bacillus type the Mdney is
swollen and congested, and in the parenchyma there are patchy arcas of sup-
puration, which tend to take the form of tiny round abscesses in the cortex, and
of yellow Jies of suppuration in the pyramids. The Ndney pelvis is reddened
aund contains pus, and its mucosa is covered with inflammatory exudate. Micro-
scopic examination shows leukocytes in the glomeruli, and the tubules filled
with leuhocytes and inflammatory exudate from degencrative changes in the
tubular epithelium,

Symptoms, Signs, and Diagnosis. Clinically acnte pycloncphritis starts with
malaise and a sudden high fever, and may be ushered in with a chill. There is
moderate leukoeytosis. There is pain in the affected Mdney, and tenderness and
spasm to deep pressurc in the corresponding costovertebral angle or to the
“Murply punch™ in this region, This latter is a most reliable test of inflammation
in and about the Midney, and consists of striking the costovertebral angle a
light blow with the heel of the clenched fist when the patient is in the sitting or
standing position, If there is inflammation present, the jarring of the blow causes
the patient to wince from pain in the kidney, whereas if there is no inflammation
the hight blow causes no discomfort. The difference in this respect between the
mvolved and the uninvolved hidneys in the same patient is often striking. Urinary
frequency or burning may or may not be marked. Anorevia is common and
frequently the patient feels nauscated and sometimes vomits. There is a tendency
to adynamic ileus, and the abdomen is often greatly distended with gas. The urine

15 a‘pl to be scanty and concentrated, and urinalysis shows many pus cells. Gram
stain of the urinary sediment and culture will show bacteria. The kidney function
tends to be dimimished temporasily. Unless some complicating factor is found (for
example, a stone obstructing a” urcter), neither plain x-rays or intravenous
urogmp}\y shows anythmg abnormal except reduction in Aidney function. The
diagnosis of acute pyelonephritis is made on the basis of the above signs and
2};’:{;::‘::—1‘:12\1?188.0nd (sludden fever, possibly ushered in with a chill, anorexia
Slthough ‘fre “jeriﬂll;:fll’u:e'ndemess, leukocytosis, pus and bacteria in the urme,
Trocime t‘is y h k'mng may or may not be marked.
reatment, Since the kidney tubules are clogged with Jeukocytes and inflam-
matory exudate, these should be flushed out by maintaini i
ake of fluid b h or i ished y maintaining a considerable
mtake of fluid by mouth, or, if the patient is nauseated or cannot take enou h by
mouth, by intravenous admmistration. In this early acute st 23000 et

?06‘1;24 1111;?1[:::, sl:}(:uld b: tatlfen by r;-muth or, if this‘ is);mp:szilil:,g ;)y the l‘r:l‘;l‘;[eg(\;l‘l‘:

e patients circulation will not stand it, in which case hypo-

‘cli:"s';":l);::m ’i"c"’y %9 resorted to. Sl'nc? the embarrassed renal function tendipm

24 acidosis, the carbon dioxide content of the blood should be esti-
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mated. The normal value for this 15 26 to 28 milliequivalents per liter, and any
salue below 20 to 22 milliequivalents indicates acidosis If acidosis exists, it is
combated by giving by mouth four tmes per day an alkali such as soda
bicarbonate, 06 gm (10 grains), or as one teaspoonful 50 per cent solution of
sodum aitrate, untl the acidosis has been corrected. In the patient too
sick to take alkali by mouth, sodwm racemic lactate may be given intrave-
nously to combat acidosis Sodum racemic lactate 1s supplied 1n the form of
an 11 per cent solution which 15 too concentrated for injection until it has
been diluted by adding at least five times 1ts volume of sterile distilled water.
Ordianly it 1s simplest to administer by adding 1t to a venoelysis In severe
acidosis 5 to 10 ce, of the concentrated solution, properly diluted, is adminis-
tered per kilogram of body weight.

In the very sick patient, the laboratory 1s an almost indispensable a1d to
the proper therapy For instance, frequent estimations of the CO; content of
the blood give a gwde as to whether actve alkalimzation by mouth or
mtravenously 1s necessary If the patient 1s vomiting, the fluid intake will
have to be mamtammed by clysts, usually venoclysis Ordinarily 5 per cent
dextrose 1 distilled water is admimstered. The blood chlorides should be
followed carefully in the vomuting patient, because chlorides are being lost
in the vomitus, and 1f the blood chlonide level became abnormally low
(normal level, 100 to 106 milhequvalents per liter), it is indicated to make
up this defici by the ad ration of the 5 per cent dextrose m
normal saline (sodium chloride), instead of in distilled water. The knowl-
edge of the level of the nonprotemn nitrogen of the blood (normal 15 te 35
mulligrams per 100 cc.) or the blood urea mtrogen (normal 10 to 28 mlh-
grams per 100 cc ) is important as an indication of the effectiveness of total
renal function, and also as an mdication as to whether the patient 1s
smproving or is becommg uremic. The hemoglobin should be followed
carefully, as patients with severe nfections and high fevers tend to become
anemic rapidly Not only 1s 1t detnmental n general for a patient to become
anemic, but anemia also depresses renal function Anemia may be corrected
rapudly by transfusions of whole blood, and rather slowly by the oral adminis-
tration of iron mn the form of ferrous sulfate 4 gramns (025 gm ) tad. A low
serum protemn may be found m association with anemia and in states of malnu-
tnitton or chronic draming wounds, and may be accompanied by edema and
depression of bodily stamina It may be remedied by the admunistration of
preferably whole blood but by plasma if the former 1s not available. A high
protem diet will correct 1t slowly The normal total protem 1s 65 to 8§ gm par
100 cc. In the case of high prolonged fever, blood culture may reveal a sep-
ticemia, which must be combated by the appropnate antibiotic or drug Thus
in the very sick patient it 1s most important to follow the working of these
physiologic processes of the body 1 order to take any remedial action indicated

Even before the advent of modern antibactennal drugs almost all cases of
acute pyelonephritis without pl g factors (eg, obstruction by stone,
hydronephrosis, etc.) soon got over the acute stage and became much better
climeally, with no other treatment than forced fluids. However, now that
efficient antibactenal agents are available, their judicious use shortens the
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course and hastens the cure, but they should not be used indiscriminately and
“pourcd on” thoughtlessly as a gencral antibacterial “tidal wave™ to overwhelm
any and all infections, because there are certain important considerations to
be obscrved when they are employed.
In the Grst place, most cases of acute pyelonephritis are due to bacteria of
the colon bacillus group, and since these and all the other gmm-m-gnli\o
bacilli in the urinary tract are resistant to penicillin, the administration of peni-
cillin is of Yittle use in the many cases of pyclonephritis due to the colon bacillus
or to other gram-negative bacilli, Howeser, streptomycin is usually quite
cffective against organisms of the colon bacillus group. Nevertheless it has been
found that bacteria which are not quickly overwhelmed by streptomycin
rapidly develop a tremendous and permanent resistance to it, making its fur-
ther administration uscless, Therefore, since acute infections are most likely to
oceur in those patients with stasis, stone, ete., and since it is just such com-
plicating factors as these which might prevent complete eradication of the
infection by streptomycin, and thus bring about resistance to it, it scems
wisest not to use streptomycin routinely at the outset, unless such complications
have been roled out—and these patients are often too sick to make a complete
urologic examination desirable before treatment is started. However, if the
urine culture showed presumably (or actually proved) susceptible bacteria,
or even if a stain showed gram-negative bacilli, and there appeared to be a
serious threat to life, so that 1t was imperative to use any and all means available,
naturally streptomycin should not be withheld on the chance that some com-
plicating factor would interfere with cure. An example of this is a severe case
?f pyehtis .0[ pregnancy, where the dilated ureters and Lidney pelves may
interfere with eradieation of the infection, but where every cflort must Ye
made on behalf of the mother and child
S“:\::n:}i,:Iie:si(rle:h]f:il:i,:, Z\fc;e(!:]ngly ;ﬂ‘imcious ng.\fnst Folon bacilli, but
both of which must be ‘moided ir:"'\: :ﬂl ?‘I‘rcm? :}C.ldl{imhon of the urive
in the acute stage. Thus there are c.crtl'l\‘t I::z)e\m"cpdmh?_“ should not be used
routine use of penicillin, strep‘tomycin‘ “(\)r I:l\:l::;:li::m'\mi):]]s'm Ilhc uneensidered
acute pyeloneplnts. > acid in the usual ease of
‘hS:‘l;‘;dZ‘SZ‘::OHT:‘:';I;Z;])}: i::l’del‘ tf) start some reasonably effective drug
a a a sick patient with

r ; acute pyelonephntis, it is
(flesn-able to ;se some drug )vhlch is efficacious against mEZt \mclperin n,m\ as
ree as possible from undesirable effects, In this situation, the use of sulfa-

diazine, provided certain precautions are observed, is favored by the write

The first precaution 15 to be sure that the sulfadiazine js not) d fniste Ui
until there 1s 2 good urinary output at the rate of 2000 cc, per 24 lmuran ?:I"t]]lm‘srcf‘(
::i(ir:flast‘:eq;od‘?r{: :S tlt)) n:]kalinize q)e urine Both of these have ;Li:c:\d):ebc:n
1s quite eﬂ’ic‘aCious a (a)mset n:)ne mmmd)., in acute pyelonephritis, Sulfadiazine
staphylococei, and lh%zref o colon bacillus group, and reasonably so against
Sy Causin‘g e infecxore can be ‘started at once, regardless of which organ-
for bacteria or for cullurl:r;’e:l:itl “rlll-;hom waiting for examination of the urine
sulfa. drugs for reasons whi s. The author prefers sulfadiazine to the other

ch will be discussed later. Frequently the infection
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is thus cured by sulfadiazine, and the administration of an antibiotic such as
streptomycin never becomes necessary. When sulfadiazine was first used,
trouble was sometimes had from the plugging of urcters or kidney pelves with
crystals of acetylsulfadiazine, or, rarely, with plugging of the kidney tubules
with these crystals, or with the development of a toxic nephritis. It was found
that these occurrences could be prevented by a liberal flud intake and output,
and by alkahinization of the urine, therefore, these two things should always be
achieved without fail before and during the admimstration of sulfadiazine
The urine is made alkalme by taking orally such alkalies as fruit juices, soda
brcarbonate, or sodium cttrate, or by the mtravenous administration of sodmm
racemic lactate (as already described). The reaction of the urine should be
tested regularly four times a day, and the pH values kept on a chart “Nitra-
zine” paper 1s convenient for this, The urine should always be maintamed at a
pH not lower than pH 60 to 65 and preferably 70 or 7.5. The author uses
and recommends 1 gm of sulfadiazine orally four times per day. If the
patient is too 1 for oral admimstration, 2 gm of sodium sulfadiazine
should be giien intravenously every 12 hours. When giving only 4 gm. of
sulfadiazine per day orally accompanied by forced flwds and alkalies, 1t usually
is not necessary to follow the level of the sulfadiazme in the blood, as it does
not get dangerously high. The intravenous admumstration of 4 gm of sodium
sulfadiazine per day on account of nability to take medication by mouth,
should be accompamed by plenty of intravenous fluids and sodium racemic
lactate to make the unne alkaline, as already described In case this intra-
venous medication has to be mamtained for more than 72 hours, it would be well
to check the blood level of sulfadiazine, which should be 8 to 15 mg. per 100 cc
blood However, in most cases the patient can take the drug by mouth within
72 hours When treating acute pyelonephnitis, and especially when usmg sulfa-
diazine, the amount of the urmnary output must be followed carefully At the
start of therapy the output 15 scanty and the urine concentrated. As a result of
the flds admmstered the output of urme should nise rapidly and the urine
become more dilute If the output does not increase within half a day and the
urine remamns concentrated, 1t is usually a sign that the fluid intake 1s insuf-
ficient and must be ncreased Also 1t 1s an indication to discontimue the sulfa-
duzine until the output is satisfactory and the urine more dilute,

The usual case of acute pyelonephritis begins to react favorably to the
proper treatment at the end of 24 hours Therefore if after two to three days
of adequate treatment (with increased flud intake and output, alkalimzation
and sulfachazine), the fever 1s sull up and the patient is not much improved
clinically, some comphcation, such as a stone blocking the kidney outlet or
ureter should be suspected In this case urologic investigation must be
carried ont with excretion or retrograde pyelography and cystoscopy as mdi-
cated If any complicating factor 15 revealed, the acute nfection may not abate
much and certamly cannot be cured—until this complication has been
eliminated

Within two or three days after treatment has been started, there will have
been time to get the results of the urme culture and to identify exactly the
bacteria causing the infection This 1s most jmportant as a guide to the proper
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treatment, because, as has heen already mentioned, the cﬂ'vclivcnc‘f of dn‘lgs
and antibiotics varies considerably according to the organisms f\gmnst which
they are being used. In the pyclonephritis under discussion, let it be assumed
that the causative bacterium is the colon bacillus, which actually is the organ-
jsm most commonly found clinically. The treatment of infections due to organ-
isms other than the colon bacillus will be taken up in detail elsewhere,
When the acute phase of pyelonephritis is over, the fever and pain have
abated, and the patient feels better, it is a grave mistake to take it for granted
that the whole infection has necessarily gone, as in the case of an acute upper
respiratory infection which has come to an end. Unfortunately the infection
often tends to persist in a chronic form until, or unless, cradicated actisely,
especially if any perpetuating factor be present. Thus it may smoulder on in a
slow, mild, insidious course—sometimes with occasional acute exacerbations—
to become chronic incurable pyelonephritis which, if bilateral, eventually
leads to chronic renal insufficicncy and uremia. Therefore, since a complete
bacteriologic curc is so important for the future, the same regimen of 4 gm.
of sulfadiazine per day with alkalinization should be continued for one weck
after the temperature has become normal, and then half the dose of sulfadia-
zine for another weck. In most uncomplicated cases, this will chminate any
residual infection which may remain after the acute stage has subsided. How-
ever, if the urinalysis does not become normal or the culture negative after
this, the possibility of some complicating factor (e.g., stone or stasis) inter-
fering with cure must be recognized and urologic studies undertaken, Unless
the patient is unusually subject to allergic manifestations (in which case retro-
grade pyelograms may be preferable), intravenous urography—which will
reveal obvious major pathology—is the study to be carried out first, as it is the
simplest procedure and casiest for the patient. However, if intravenons urog-
raphy leaves one in doubt—as it sometimes does—further urologic investigations
should be carried out, such as cystoscopy, retrograde pyelography, determina-
tions of residual unine and stasis, ete. It is the duty of the physician to follow
and treat any case of acute pyelonephritis until a permanent bacterinlogic
cure has been obtained, sceking out and eradicating any factors which may
fend to perpetuate the jnfection in order to forestall the development of

. 1 .
ble chronic py phritis.

Crroxi¢ PYELONEPHRITIS

Chronic pyelonephritis, once it becomes firmly established, usually cannot be
?ured nor its course halted. It may be unilateral, but frequently is bilateral and
in such cases progresses gradually but steadily to death from chronic renal insuf-
ficiency and uremia. Clinically its course tends to be mild and insidious, punctu-
ated with occasional periads of maluse and some fever. Urinary syml;tgms are
frequently minmal, but the urine contains pus and bacteria In the termi;ml

stages, as.uremia deepens, anorexia, secondary amemia, and cachexia oceur.
Hypertension may or may not be present. Pathologically there is little fmnl;
suppuration, althougl} there may be small abscesses in the parenchyma, The
gracess is charactenistically patchy in distribution, the chronic infection ette;lclin
ere and there m the kidney, with destruction of renal tissue, followedAlater bgf
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healing, fibrosis, and contraction. There are scars 1n the cortex with a loss of
both glomeruli and tubules, and the tubules which remain may contain collond
or hyalme casts. There 1s an increase of interstitial connective tissue which is
mfiltrated with lymphocytes and some leukocytes. The arteries show fibrous
thickening of the wall with narrowing of the lumen The wall and the mucous
membrane of the pelvis are thickened and chronically inflamed and the calices
are dilated and blunted

Curonic PYELONEPHRITIS AND ARTERIAL HYPERTENSION

In 1934 Goldblatt and his co-workers described the experimental production
of persistent artenal hypertension in dogs by causing 1schemia of onc kiduey
through partial constriction of the renal artery by means of a special clamp, This
memorable work, confirmed by others and later extended to monkeys, dirccted
attention to umilateral kidney disease as a possible cause of hypertension in man
When unilateral chronie pyelonephntis was found 1n association with high blood
pressure, 1t was thought that this hypertenston was a result of the renal ischemia
caused by the fibrosis of the parenchyma and of the artenies with narrowing of
their lumina For this reason, since 1938 considerable numbers of patients with
high bleod pressure and umlateral chrome pyelonephntis have been subjected
to nephrectomy of the diseased hidney Although the hypertension has been
thereby remedied 1n a few of these cases, unfortunately 1 most cases 1t has not
been influenced. Why one person with an 1schemic kidney of chronic pyelone-
phritis should have hypertension, while another with exactly the same type of
kidney does not have hypertension, 1s still an unanswercd question. Another
unanswered question 1s why should the hypertension of onc person with uni-
lateral chrome pyelonephnitis be favorably affected by nephrectomy, wiule
removal of a siular kidney does not change the hypertension of another? It has
been observed that nephrectomy seldom benefits persons more than 45 years old
or those 1n whom the hypertension has been known to be present for more than
a relatively short time. Apparently after that, rreversible sclerotic changes Jve
occurred m the artenoles of the body, and the removal of the diseased hidney
cannot affect these changes or have a beneficial effect on the hypertenston at that
late date, even though that kidney may have been the origmal cause of the hyper-
tension Homer Srmth pubhshed m 1948 a most complete review of the whole
subject of the relation of umlateral renal disease, including pyelonephntss, to
hypertenston, and of the results obtained by nephrectomy Of 242 nephrectomies
for hypertension reported 1n the hterature — and doubtless many more were per-
formed but were not reported, possibly on account of unsuccessful results —
Smuth found only 47 “cures” where the blood pressure had been lowered to or
below 140/90 for at least one year More than two-thirds of these successful
cases were 39 years or less i age In nearly half (47 per cent) of these “cures”
the renal lesion was pyelonephntis. Thus 1t can be seen that chronic pyelone-
phritis is an extremely dangerous disease, as 1t may lead to eventual kidney nsuf-
Bciency, uremia, and death, and 1n some cases also to arterial hypertension and
its sequelae Therefore, in every case of acute urinary mfection 1t 1s the serious
responsibihity of the physician to cradicate it completely so as not to leave any
smouldering residual infection which might develop into incurable chronic
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prelonephiritis. It is uncured cases which pursue a slow ins.idinm course — with
oecasional newte eacerbations —and produce the pathologic picture of a com-
Dination of healed pyelonephritis and acute pyclonephritis which, Weiss and
Parker believe, not infrequently, leads to arterial hypertension.

TREATMLNT OF Py1LON PHRITIS

Mandclic Acid Therapy. To return to the treatment of pyclnncphritis: Ins any
case where couditions which might interfere with bacteriologic cure, such as
stasis or stone, cte,, have heen ruled out or ehminated, and yet residual infection
docs not yield to the administration of sulfadiazine, employment of a dilferent
drug is indicated. Continuing to assume that the colon bacillus is the infecting
organism i the case under discussion, mandelic acid or streptomycin therapy
may well be used, as both of these agents are very effective against this organism.
That bemg the case, which of the twa should be used, and why? Undoubtedly
streptomyein is more powerful and has succeeded in cases where mandelic acid
has failed. Howexer, although streptomyein has to be prepared in a sterile man-
ner, administered mtramuscularly under aseptic conchtions every 12 hours, it
1s not always free of tovie effects, and is more expensive than mandelic acid
which 1s taken orally four times per day and seldom has toxic effects. Since all
this makes the admimistration of streptomycin a more complicated and extensive
procedure, and smce mandelic acid is effective in most colon bacillus infections,
it seems well ta try this fisst, holding streptomycin in reserve, especially if the
patient 15 not already in a hospital.

In order to have mandelic acid therapy working at its maximum cffectiveness,
the urine must be acd — the more acid the urine, the more cfective the therapy.
The pH should be maintained at least as low as plI 5.5 and preferably Jower —
pH 50 to 45 or even 4.0 Except in the case of urea-splitting infections, with
e}(her one or more than one organism (about which is more later), this acidifica-
tion may be obtained by the admimstration of 10 grains (0.6 gm.) of acid sodium
phosphate or 71/ grains (05 gm ) of ammonium chloride (preferably the enteric-
coated tablet) four tumes per day with each dose of the mandelic acid. This
lauef 15 commonly supplied as a syrup i the form of its ammonium salt, am-
::;::u};l‘?:‘?s:l::e‘; z}‘l;ec‘::mgx‘:ium ra‘dicle being ::)dded to produce an acid
day, divided mtgu four‘ dns;see'\cl(: :;Pé’ y o total of 12 .gm. of mandelic acid per

, 2 gm, usually taken with or after cach of
the three Amen]s and agan at bed time. Some patients object strenuously to the
rather evil taste of this syrup, and the writer has found that it is best tak
“straight” and then “chased” with water or some other beverage — this being ;lmellt:
during or mmediately after 2 meal, and at bed time after a httle food. Fluids
are hmited to 1200 to 1500 cc. (40 to 50 oz.) per day in order to hav
excreted drug present m as igh a concentration as ble i v the
previously noted, m the acute febrile st. £ oty O‘m the urine. As
and amd\ﬁcahon’ b; age ot a I?ye!ﬂnephnhs limitation of fluids

y means of drugs are contraindicated, so that deli i
therapy is not suitable until that acute stage has subslded’ Thi ‘d s g i
agamst colon bacilli and other gram-negative bacilli th: his drug is so potent
be expected withn . at great improvement may
% thin a few days, 1f the urine can be kept acid. By tt Y
if improvement 15 not noted by the end v By the same token,

of five to seven days, it can he assumed
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that some unsuspected complicating factor is standing in the way of a cure. The
usual length of a course of mandehc therapy is 10 to 14 days. Although the
infection 15 suppressed and presumably extinguished by the first few days of
therapy, 1t has been found that supposed cures are more apt to be permanent,
without any exacerbation or recurrence of the mfection, if the therapy 15 con-
tinued for another week or so. Mandelic acid is somewhat irritating to the hid-
neys, and in elderly patients with poor renal function and an elevated nonprotem
mtrogen 1t may further depress renal function and cause more retention of nitro-
genous products, and, therefore, in such patients 1t should be given with caution
3f at all. However, 1f renal function is not too abnormal no danger is to be feared
No toxic allergic sensitivity to mandelic acid has been reported In addition to
bemng effective against the colon baallus, and also agamnst other related gram-
negative bacill 1f the urine can be kept acid, mandelic acid 1s also quite effective
agamst one of the organisms most resistant to drug therapy, the Streptococcus
faecals, about winich more will be said later.

Bacteriologic Proof of Cure Sometimes the administration of bactericidal drugs
and antibiotics does not completely eradicate infecting bacterra, but merely sup-
presses their growth temporarily, so that, after the drug has been discontinued,
they will gradually “come to life” and flourish again. Consequently, m order to
be sure that an infection has been really and permanently cured, it is well to
wait at least one week after the drug has been stopped before making the final
culture to be sure of the cure Frequently a culture taken just as the course of
drug therapy 15 being finished will show no growth, but if the bactena have not
been truly eradicated, they will gradually grow again, and will give a positne
culture after a week or so

Streptomycin Therapy 1f the subsided acute pyelonephntis of the gram-nega-
tive colon bacillus type has responded to neither sulfadiazine nor mandelic acid
—and always provided that any factor which might stand mn the way of a cure,
such as stasis, etc, has been eliminated — therapy with streptomycin or aureo-
mycin 15 indicated, Pemeilhin 1s ineffectne against this type of organism, while
streptomycin 1s probably the most powerful and effective agent available against
colon baailli and allied gram-negative bacilli Before going into details, one of
the most important facts n regard to streptomycin which may affect the success
of therapy must be strongly stressed This important consideration is the tre-
mendous tendency of bacteria — unless overwhelmed early — to acquire rapidly
permanent high resistance to streptomycin which makes its further admimistration
absolutely useless. Finland and his associates have shown that in a matter of
12 to 24 hours the resi of certain org; to streptomycin may i
so greatly that further treatment 1s futile, The lesson from this is that haphazard
streptomycin therapy is not only apt to fail but, worse still, may produce a
permanent reststance to streptomycin on the part of the bacteria so treated, that
may destroy the possibility of ever using 1t with success aganst those bacteria,
Therefore, the patient must be prepared, “the stage set” and then the drug given
1 dosage large enough to overwhelm the bactera rapidly and completely.

In addition to colon bacilli, other related gram-negative bacilli such as Acro-
bactor acrogenes, Bacillus proteus, Klebsiclla pneumonia (Friedlander’s bacillus),
and Hemophilus influenzae (Pfeiffer’s bacillus) are, as a rule, sensitive to strep-
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tomycin, but Bacillus pyocyancus (Pseudomonas acruginosa) is not especially
sensitive to that agent. However, marked differences {n sensitivity to streptomycin
have been observed in different strains of the same bacterial species, so that, if
possible, before starting treatment in any given case the in vitro sensitivity to
streptomycin of the particular strain present in that case should be determined,
Hewitt has shown that, in individuals with reasonably good renal function, if
the fluid intake is Yimited to 2500 ce. per day, 2 gm. of streptomyein per 24 hours,
administered intra larly, will give a level in the urine of 250 micrograms of
streptomyein per cubic centimeter of urine, If it is found that the bacteria are
resistant to a higher level of the drug than can be obtained in the urine, the
prospects for success with streptomycin treatment are poor. Admittedly sensi-
tivity tests require the services of a trained bacteriologist and a good laboratory,
advantages which are nat available to every physician. If the bacteria are of a
type presumably susceptible to streptomycin, but facilities for sensitivity tests
are not available, and if it hias heen decided to give streptomyein, the ehance of
failure must be ehminated as far as possible by giving the drug in a large enough
dose (4 gm. per day at the start} to be sure to maintain a eoncentration in the
urine more than adequate to kill bacteria that are even moderately sensitive
to streptomycin.

Finland and his co-workers, and Kane and Foley have brought out two very
important facts, namely, that alkalinization of the urine makes the streptomycin
much more effective (ie., in cffect greatly increases the dose of streptomyein),
and secondly that alkalinization of the urine tends to prevent bacteria from be-
coming resistant to streptomycin, Perhaps this latter is simply duc to the fact
that the larger effective dose of streptomycin overwhelms the bacteria before
they have a chance to acquire resistance. At any rate alkalinization has made
streptomyein therapy more effective and successful. Finland et al. consider alka-
Iinization to be so important that they now prepare the patient with alkalies for
24 to 48 I}our.s before gwing, streptomycin, in order to he sure that the urine ic
!Jemg Xl?(l.lﬂtfllncd consistently alkaline. Probably the best way of achieving this
is by giving 1 gm each of soda bicarbonate and potassium citrate four or fise
ti;?;:ddugzcgasel.:;};l?é go‘urfl during the period that streptomyem is being admin-

e y this dose of alkali has to be increased to get the desired
urinary pH.. One corftramdmn(ion to this intensive alkalmization with soda bi-
xc:‘rllsntozzti ;Is)tcloolzgef;z: I?:[a:tf f:’:l‘]:"i o\i\:lish edema, where the intake of sodinm

. 2 ing should be determined

it should not be lower than pH 7.0 and preferabl - ine” i
poper s comvment o P preterably pH 7.5 “Nitrazine” indicator

and charted;

Streptomyein is usually supplied in the form of 1ts chloride or sulfate salt as
a sterile dry powder, and for urinary tract infections should be given }lll ‘ﬁ-
muscularly. Solutions for injection are prepared by dissolving engh Tam r;nf
streptomyein m 2 to 4 ce. of sterile pyrogen-free distilled water or hgsEolo ic
Sa!me solution. In view of the fact, already referred to, that or '\mIs’m); in tél:
urine, unless rapidly overwhelmed by streptomycin, are y:\pt to dge‘velop m“kcl(e\

2?ipexmm;en‘t):e}s)istance o it at 15 important to “hit hard” from the start. A dose
mmegtx:anpbx; C.‘E“ct;;;i f\vn]l produce 2 level of the drug m the urine which is
Or most orgamsms that are at all sensitive, especially if



320 MONOGRAPHS ON SURGERY

that some unsuspected complicating factor is standing mn the way of a cure The
usual length of a course of mandelic therapy 1s 10 to 14 days. Although the
nfection 1s suppressed and presumably extinguished by the first few days of
therapy, it has been found that supposed cures are more apt to be permanent,
without any exacerbation or recurrence of the infection, if the therapy is con-
tinued for another week or so Mandelic acid is somewhat irntating to the hid-
neys, and in elderly patients with poor renal function and an elevated nonprotein
nitrogen 1t may further depress renal function and cause more retention of nitro-
genous products, and, therefore, in such patients it should be given with caution
if at all However, if renal function is not too abnormal no danger is to be feared
No toxic allergic sensttivity to mandelic acid has heen reported. In addition to
being effective against the colon bacillus, and also against other related gram-
negative bacilli of the urine can be kept acid, mandelic acid is also quite effective
against one of the organisms most resistant to drug therapy, the Streptococcus
faecalis, about which more will be said later.

Bacteriologic Proof of Cure Sometimes the admnistration of bactericidal drugs
and antibiotics does not completely eradicate mfecting bacteria, but merely sup-
presses their growth temporarily, so that, after the drug has been discontinued,
they will gradually “come to life” and flourish again. Consequently, m order to
be sure that an infection has been really and permanently cured, 1t is well to
wait at least one week after the drug has been stopped before making the final
culture to be sure of the cure. Frequently a culture taken just as the course of
drug therapy 1s being finished will show no growth, but if the bacteria have not
been truly eradrcated, they will gradually grow again, and will give a positive
culture after a week or so

Streptomycin Therapy. If the subsided acute pyelonephritis of the gram-nega-
tive colon bacillus type has responded to neither sulfadiazme nor mandele actd
— and always provided that any factor which might stand m the way of a cure,
such as stasis, etc, has been elimnated — therapy with streptomyein or aureo-
mycin is indicated. Penicillin is ineffective agamnst this type of organism, while
streptomycin js probably the most powerful and effective agent available agamst
colon bacill and allied gram-negative bacilli Before going into details, onc of
the most important facts in regard to streptomycin which may affect the success
of therapy must be strongly stressed Tlis mmportant consideration 1s the tre-
mendous tendency of bacteria — unless overwhelmed early —to acquire rapidly
permanent high resistance to streptomycin which makes its further adminstration
absolutely useless. Finland and his associates have shown that mn a matter of
12 to 24 hours the resi of certain org; to streptomycin may increase
so greatly that further treatment 1s futile, The lesson from this 1s that haphazard
streptomycin therapy is not only apt to fail but, worse still, may produce 2
permanent resistance to streptomycin on the part of the bacteria so treated, that
may destroy the possibility of ever using 1t with success against those bacteria
Therefore, the patient must be prepared, “the stage set” and then the drug given
in dosage large enough to overwhelm the bacteria rapidly and completely.

In addition to colon bacilli, other related gram-negative baailli such as Acro-
bactor acrogenes, Bacillus proteus, Klebsiella pneumonia (Friedlander’s bacillus),
and Hemophilus influenzae (Pleiffer’s bacillus) are, as a rule, sensitive to strep-
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tomyecir, but Bacillus pyocyaneus (Pseudomonas acruginosa) is not ("pcci:\lly
sensitive to that agent. However, marked differences fu sensitivity to streptomycin
have been obsersed in different strains of the same bacterial species, so that, if
possible, before starting treabment in any given case the fu pitro sensitivity to
streptamyein of the particular strain present in that ease should be determined.
Tewitt as shown that, in individoals with reasonably good resat function, i
the fuid intake is limited to 2500 ce. per day, 2 gm. of streptomyein per 21 hours,
administered intramuscularly, will give a level in the urine of 250 micrograms of
streptomyein per cubic centimeter of urine. 1f it is found that the bacteria are
resistant to a higher fevel of the drug than can be obtained in the urine, the
prospects for success with streptomycin treatment are poor. Admittedly sensi-
tivity tests require the services of a trained bacteriolagist and a good laboratory,
adrantages which are not avatlable to every physician, I the bacteria are of a
type presumably susceptible to streptomyein, bt facilities for scusitivity tests
are not available, and if it has been decided to give streptomyein, the chanee of
failure must be climinated as far as possible by giving the drug in a large enough
dose (4 gm. per day at the start) to he sure to maintain a coneentration jn the
urine more than adequate to Wil bacteria that are even moderately sensitive
to streptomycin
Finland and his co-workers, and Kane and Foley have brought out two very
smportant facts, namely, that alkalinization of the urine makes the streptomyein
much more effective (i.e, in effect greatly increases the dose of streptomycin),
and secondly that alkalinization of the urine tends to prevent bacteria from be-
coming sesistant to streptomyein  Perhaps this latter is simply due to the fact
that the Targer effective dose of streptomycin overwhelms the bacteria before
they have a chance to acquire resistance, At any rate alhalinization has made
streptomycin therapy mare effective and successful, Finland et al. consider alka-
tinization to be so important that they now prepate the patient with allalies for
24 to 48 hours hefore piving streptomycin, in order to he sure that the urine 35
being x{\aintnincd consistently alkaline. Probably the best way of achieving this
15 by giving 1 gm. each of soda bicatbonate and potassium citrate four or five
%imcs during e’:xch 24 lm.\u's duning the pevod that streptomycin is being admin-
z;tf’red Occasionally this dose of atkalt has to be fucreased to get the de
urinary pH: One cm}tmindicntion to this intensive alkalinization with soda bi-
‘c‘?‘r‘l;‘ol‘x)ﬁete\ e\;tc;s;:&e%:: Ix]clm(-:i fc\:::‘:‘n\ ‘:.v;th cd:m?;] where the .inm)w of sodium
it should not be lower t]})mn pH \7.0 nn‘(; mﬁefser‘);:l , b;l l};‘;eimyx'ned. " g
paper 1s convement for this, P @O pIL 75 "Nitrazine” indieator
Strep in is usuall lied 1 the for i e
a sterile dry powder, :\t{d for urinary (r:1ctn?nfcfclli‘;mih‘s(l]:)d; 1“{) Su]f:’llv s.?lt o
muscularly. Solutions for injection are prepared by di "r'( o guen i
! y dissolving each gram of
streptomyemn i 2 to 4 ce. of sterile pyrogen-free distitled . t hysiolooi
sahine solution. In view of the fact, already referred to, th ‘t\“l‘ or p l_"‘;)‘n][)glc
wrine, unless rapidly overwhelmed by streptomgan o > hat organisms in the
and permanent resistance to it, it is mportant toy“!xi(’ 1‘ “lff“ to develop marked
of 4 gm. per 24 howrs wall prod N hard fmm the start. A dose
ho produce a level of the drug in the uri P
more than bactericidal for most organisms that 8 1¢ urine which js
at are at all sensitive, especially jf

sired

and charted;
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prelimmary alkalinization has been carried out. On starting the treatment, half
the total dose to be gnen per 24 hours is administered intramuscularly and the
second half is given 12 hours later, thus making two injections per 24 hours,
12 hours apart. This dose should be kept up for two days, and thereafter, if no
severe tovic symptoms develop, half that dose is gnen for five days more. Tonic
reactions to streptomycin are not unusual, but are not usna"y severe. The most
serious of these are disturbances of the labyrinthine apparatus, consisting of
vertigo (especially upon sudden motions as standing up), nystagmus, tinnitus,
and sometimes impmirment of hearing Such disturbances are not apt to occur
when the drug 1s given for only a week, and may be expected to subside shortly
after it is discontinued However in some cases where the drug has been given
m full dosage for a prolonged period for tuberculosis, considerable and per-
manent impairment of hearing has resulted Other less important tovic symptoms
are “drug fever.” skin rashes of varions types, general malaise with gencralized
aches and pains and arthralgia Pain and tenderness at the site of injection are not
uncommon  Streptomycin 1s shightly tovic to the kidneys, and there may be an
merease of the nonprotein nitrogen of the blood during treatment In view of
this, patients with abnormally lngh nonprotem nitrogen values or with poor renal
function should be treated with great caution, Hyalme and granular casts may
appear during treatment, but these disappear on withdrawal of the drug and
there 15 no evidence that any permanent damage is produced.

If a cure 15 gomng to be effected, great improyement and often stenle cultures
will be obtamed m a few days Therefore, if no great improvement has oceurred
by the end of the weeks course, 1t 1s probably useless to contmue the drug
longer. as 1t will be without effect, and also because after this time there is an
mereasing probability of toue disturbances of the vestibular apparatus.

Dilydrostreptomycin Therapy. At first only one type of streptomycin was
used However, i 1949 dihydrostreptomycin became available, This is dernved
from streptomyen by reduction with hydrogen, and 1s supphed as a powder
m the form of dihydrostreptomyein hydrochloride From considerable chnical
tral 1t now appears that 1t will soon supplant streptomycin because, while its
antibacterial activity parallels that of streptomycin, 1t is markedly less neurotouic,
and vestibular and auditory dysfunction and damage are much less apt to occur.
Thus 2 gm per day have been given for as long as four months without causing
evrdence of neurotoxictty This means that larger doses can be gisen for a longer
period of time without producing nerie disturbances when usmg this rather
than streptomycm, which malkes it 2 more powerful weapon than streptomyacin.
This 15 of particular interest in the treatment of tuberculosis. It 1s prepared and
administered ntramuscularly m the same manner as streptomycin Although
dihydrostreptomyein will undoubtedly soon supplant streptomyein, and the writer
has had some satisfactory expenence with this and is now using it m preference
to streptomycin, nesertheless it 1s so new that the clinical expenences with it are
shight in comparson to those with streptomycin whose effects are now w ell known.
Therefore, therapy with streptomycn has been described, but with the thought
m mind that dihydrostreptomycin, which is sumilar, may soon supplant it.

Aurcomycin Prelimmary clmical expenences with the antibiotic, aureomycin,
indicate that it is effective against a wide variety of gram-negative and gram-
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positive bacteria, It is administered orally in the dosage of 0.25 gm. every siv
hours for one week. It appears rapidly in the urine and is excreted continuously
for two or three days after a single dose of 0.75 gm. Unlike streptomyein, there
is little tendency for organisms to develop resistance to it, and, in a number of
instances where one course was not successful in eradicating the bacteria, a
sccond conrse, given after two weeks had clapsed, sueceeded in curing the in-
fection. Aurcomyein alsa differs from streptomyein in that it is much more effec-
tive in an acid than in an alkaline medium, and when it is acting effectively the
urine becomes highly acid and remains so throughout the treatment. Toxic effects
are unimportant and infrequent. The commonest complaint is of frequent and
bulky bowel movements, although not a true diarthea. Nausca occasionally
occurs. The drug does not cause anemia, agranulocytosis, evidence of liver dam-
age, or of renal irritation as manifested by albuminuria, casts, or an increase in
the nonprotein nitrogen of the blaod. Also fever or rashes aseribable to the drug
have not been observed. As regards infections of the urinary tract, carly clinical
eperiences to date indicate that it 1s a valuable agent, and gives results com-
parable with, if not superior to, those obtained by streptomycin or the sulfa
drugs It is very effective agamst infections due to the colon bacillus, Acrobacter
aerogenes, and Friedlander’s bacillus, but infections due to the Bacillus proteus
and the Bacillus py s (Pseud s acruginosa) — both active urea-
splitters — are extremely resistant to it Although the author does not know how
successful 1t will be clinically against infections cansed by the urinary strepto-
cocer and enterococes and by Staphylococei aurens and albus, it should be effec-
tive against these organisms in vivo, as they are all sensitive to it in citro, Pre-
hmmary experiences indicate that this may prove to be the most potent and least
tosic bactericidal agent for urmary tract infections yet discovered.

Grar-Necative Bacirary InFections Nor Due 1o Corox BaciLLr
In the preceding section acute and chronic pyclonephritis due to the gram-
negative colon bacillus have been considered because this is the commonest
organism found in such cases, and because renal infections due to most of the
other gram-negative bacilli found in the urinary tract are, in general, somewhat
silmilar 'm'ltyp(; to t}:lg;e produced by the colon bacillus, and thexr’ ;
along simtlar lines. e commonest J -] i il i
aler iow e emmood st of these gram-negative bacillary invaders
Infections duc to the Bacillus Proteus and the Baci
monas Aeruginosa). Two invaders frequently found arglzﬁepgzzgz:;wzxra(!zls:cmlo-
the Ba‘cx'lll.!s pyocyaneus (Pscudomonas acruginose). Unfortunatel tlhese 1& ﬂn‘d
all p ‘.‘ y artificial cont: s, as infections with either of thyem ar ‘lre "
never seen in any case that has not been catheterized, subjected to in;t amenta,
tion, or operated upon. Furthermore, any patient who wears a nephi oy o
cystostomy tube or an mlying catheter for any length of time is‘ a]mp tfﬂstomvy or
acquire an 1f1fect10n with one of these organisms, Clinically both fotsh pertain to
15ms are active urea-splitters, and on account of the vicmusyc' ! of the mr g
interdependent infection and lithiasis, which will be ref ol of ul? Toually
cussion of urea-splitting bacteria, it 1:5 usually exts ey o et the di.
possible to eradicate wfections due to the;ey pommos) et and often im-
orgamsms, unless they have been

therapy is
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acquired recently and have not had time to become firmly entrenched, For prac-
tical purposes infections due to these organisms are not fasorably influenced by
penieillin or by the sulfa drugs, and it is usually impossible to get the urine suf-
fictently acid to use mandelic acid therapy.

“NU445”: In the last two years a number of workers have tried “NU445,” a
sulfonamide derivative of low toxicity and great solubility, on Bacillus proteus
mfections. Although this drug seems to have more effect on proteus infections
than any of the other sulfonamides, it still leaves much to be desired, as com-
postte figures compiled from three recent articles show that only 50 per cent of
the proteus mfections upon which this drug was tried were cured. The dosage
is 8 to 12 gm per day and alkal 10n is not Y.

This then leaves streptomycin as the most powerful agent against wnfections
due to the proteus bacillus, and the only agent at all effective against Bacillus

(Pseud: aerug ) The results of streptomycin therapy of
Bucillus proteus infections have been good when no complicating factors were
present, Since the observations of some workers tend to show that the simul-
taneous ad f !

ation of a sulf ide with an antibiotic has increased the
bacterierdal effectiveness, 1t would seem reasonable to give 8 gm per day of
“NU445" with the streptomycin when endeavoring to eradicate proteus bacillus
mfections After the course of streptomycin has been concluded, the author
would suggest that “NU445” be continued for another two weeks at a dosage
of 6 gm. per day

Even in citro the Bacillus pyocy (Pseud. acrug ) 1s only moder-
ately sensitive to streptomycn, and in vive it is not unly somewhat resistant, but
1s apt to become more so rapidly When attempting to eradicate a pyocyancus
mfection, the author would suggest the administration of 4 gm. per day of
dibydrostreptomyein for at least one week

InrECTIONS DUE To OtHER GRAM-NEGATIVE BaciLLt
Other gram-negative bacilli, producing infections similar m type to those of
the colon bacillus, are the Aerobacter acrogenes and Fricdlander’s baaillus (Klch-
siclla pneumonige), both of which are quite susceptible to streptomycm, as
already mentioned, although they are not easily influenced by other urinary anti-
septics. The Hemoplulus influenzae (Pfeiffer’s bacillus) is a less common gram-
negative bacillary imader which 1s quite sensitive to streptomyain, but since it
1s a urea-sphtter 1t 1s frequently associated with lithasis, and under these condi-
tions 1ts chimcal eradication 1s apt to be difficult or even impossible, much as in
the case of proteus and pyocyaneus infections Infections with paratyphoid or
organisms occur lly, and aureomycin appears to be the best
agent for use agamnst them.

UREA-SPLITTING INFECTIONS

At this pomt it seems well to discuss the subject of “urea-splitting” by bacteiia
— a phenomenon which prevents the cure of infectons 1 many cases Many
organisms break down or “split” the urca being excreted in the urine, thereby
producing ammonia which makes the urmne strongly alkalne at all times. In this
alkaline urine —just as may be observed mn the “alkaline tide” after a meal—
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there tend to be constantly present many crystals of caleium phosphate, triple
phosphate (ammoniwm magnesim phosphate), amorphous phosphate, and cal-
cium carbonate. The constant presence of this abundance of erystals in conjunc-
tion with the infection of the Mdney pelvis (or bladder) whose inflamed mucous
membrane is giving rise to evudate and fibrin which the crystals can precipitate
upon and coat, results in a great and well recognized tendency to calenlus forma-
tion. Naturally these caleul have the same composition as the erystals of which
they are formed, i.c., calcium phosphate, ammonium magnesium phosphate, and
calcium carbonate. Once calenli have formed, it becomes impossible to eradicate
permanently any infection as Jong as they are present, and also as Jong as the
infection 15 present stones will continue to form —a vicious circle ~ and unbappily
many such cases cannot be cured. In urea-splitting infections it is usually im-
possible to make the urine really acid by any means, which unfortunately means
that “alkaline” crystals are constantly present in the urine, and that bactericidal
therapy requiring acidification of the urine, such as mandelic acid therapy, can-
not be used. The Bacillus proteus is the organism most notorious for urea-split-
ting, but it is followed closely in ability by the Bacillus pyocyaneus, some strains
of colon bacilli, the staphylococci, all the streptococei belonging to Lancefield’s
Group D, and vanous other organisms found less commonly, including the
Hemoplulus mfluenzae. In fact, a surprisingly large number and variety of or-
ganisms may split urea. “Mired” infections due to simultancous infection with
two or more different organisms (which will be discussed in the next paragraph)
are also especially prone to urea-splitting, and may be impossible to eradicate.

“Mixep” INFECTIONS

A great many infections of the urinary tract arc not “pure” infections with only
one organism, but are “mixed” infections due to two — and sometimes more —
organisms, In urinary tract infections of long standing, especially when asso-
ciated with caleuli or where the patient has been subjected to extensive instru-
mentation or to hidney or bladder operations, it is more usual to encounter
“mixed” infections than infections with only one organism, which are commoner
in recent acute infections. Every possible combination may oceur, and no two
organisms habitually “pair off” to the exclusion of others. The con;binalion of a

gram-negative bacillus with a gram-positive i rery
R gram-p coceus is a very common one (e.g,
phy

us albus) as is the combinati

tive bacilli (e.g, Bacillus coli and Ba)ci”us pmlgtou)‘ l(r;i":::lo(:fe“;: f;i:::ncg?.
Bacillus proteus, so predominates that on culture only the dominant g;le is f’ &E,],
it having overgrown all else on the culture plate In such cases, howeve Gram
sfnm of the urinary sediment will reveal the presence of botii unlessr,ﬂ
similar in appearance. This explains the phenomenon noted ohén after or](e]{lr?r:c
treamzej\_t zxi}jex’\ f?\e bacte‘na seem Yo change, cultures indicating that the m-inm§

a Gram

[P

. &velt woget rid of the sta
;nd th?t ﬁixsappears from the culture, but the colbon bacillus, :)e:l’lpl\‘xymf;occus
y penicillin, now starts to grow agam and reappears in the cul;ure Tiis [}1;;1 coed

3 enom-
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enon sigmfies that neither orgamsm has been completely eradicated, but that
the treatment has greatly depressed one oigamsm while zllowing the other to
flourish On change of treatment, the depressed bacteria are now allowed to
flourish, while the others arc mhibited. Nesther organism actually disappears
or appears de novo, The writer has seen this repeatedly, and others have referred
to 1t The lesson 1s obvious — the patient should be treated at the same time with
drugs effective against both ergamsms or, better stll, with one agent effective
agamst both, if there 15 such an agent. Mined nfections have a great tendency to
urea-sphtting which, as already described, creates an alkalne urine full of phos-
phatic crystals and a marked tendency to the formation of calcul.

As a rule, mixed infections are much more difficult to cure than mfections
with only one organism, especially if the latter are recent, This may be partly
due to the fact that many of the cases m which mxed fections are found are
of long-standing chromic nfection which tends to be recalaitrant to treatment
Another factor 15 the frequent occurrence of urea-splitting and resultant caleuh
which defeat attempts at eradication of the infechon Furthermore m mixed
bagillary and coccal nfections, the therapy used to elimmate one orgamsm may
not be effectine against the other Therefore, takhing the picture as a whole, the
old motto “in umon there 1s stiength” seems to be true 1n the case of mixed
mfections since, for the reasons just mentioned, they are much harder to cure
than recent wmfections with only one orgamsm, and m many cases they present an
insoluble problem and cannot be cured by any means now at our disposal In the
wniter's opunion, the best approach to the situation at the present time 15 first,
to eltminate any factors which would prevent a cure, such as stone or stasis If
surgery has had to be performed to accomplish this, sufficient time must be
allowed for wounds to heal, and for granulation tissue mside the urmary tract
to be covered with healthy mucous membrane Then comes the second stage
of the attack, which consists of “Intting hard” with adequate dosage of bacteri-
crdal drugs and antibiotics Care must be taken to use therapy as effective as
possible agamst all the bactera present For imstance, m a mixed colon bacillus
and staphylococcus mfection the nse of pemalln alone mught suppress the
staphylococeal mfection but would not seriously affect the colon bacillus Thus
m the treatment of such an mfection either a drug should be used which s
effective agamnst both orgamisms or else the appropnate drug for each organism
should be given simultaneously The author’s suggestion at the present time
would be to “hit hard” with full doses of dihydrostreptomycin (2 gm mtramuscu-
larly every 12 hours) and pemcillin (300,000 umts aqueous suspension of ery-
stalline pemicitin G with procaine every 12 hours) for four days, followed by half
the dose of dihydrostreptomy (1 gm ity larly every 12 hours) and
the same dose of pericillin for another four days Thus should then be followed
by mandehc acid therapy for another two weehs Although this 1s admittedly
“shot gun” therapy, it should have an mhibiting action on all bacteria which are
present. In addition, duning the intensive treatment with streptomyein and peni-
@l the writer would suggest giving 4 gm per day of sulfadiazine or sulfaswx-
dine, as it has been shown that 1n certamn persistent infections the combination
of the sulfa drug with the antibiotic 15 more efficacious than the antrbiotic alone.
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At best, it is dilficult to eradicate these mited infections, and they must be treated
vigorously if any chance of suceess is to be hoped for.

IxFI CTIONS UL TO STREPTOCOCCE
At this point, the cocel (exeluding gonococei) which infeet the urinary tract
will be considered. More than fifty years ago, Rosenbach gave the name Strepto-
caccus pyogenes o an organism which he isolated from suppurative Jesions, The
name streptococcus or chain-coceus was given, as these bacteria characteristically
grew in chans resembling strings of beads. Since then many other organisms
have heen discos ered which are called streptococei heeause they grow in chains,
but which may otherwise differ considerably from cach other, Doth as to cultural
characteristics and pathogenic propertics. Thus cocci which form chains may be
solated from water, milk, dust, and the feces of man and animals. Although
these are all streptococed, they may have little but their morphologic appearance
in common with each other or with the pyogenic streptococei which are so
important m causing infectious suppurative discases. Generally some confusion
ewsts 1 the classification of the streptococei infecting the urinary tract, owing
chicfly to the fact that their biochemical hehavior, including fermentation of
carbohydrates, appearance, and activity on blood agar not anly overlap, but may
not always be constant characteristics. Foley, who has done much work on this
prablem, feels that this situation might be clarified by using serologic classifica-
tion, which as yet 15 not commonly done. Although most virulent streptococci
causing acute and serwous mfections in man in general are in Lancefield’s Group
A, in contradistinction the majonity of the low-grade chronie streptococeal infec-
tions found i the urnary tract of man are cansed by streptococei of Lancefield's
Group D, the group of the enterococer This group contains both hemolytic
(beta) and nonhemolytic (gamma) varieties of Streptococcus faccalis, frequently
also called enterococel, as well as other streptococci, mostly of bowel origin,
Slraxns. of Alpha Strc.pllJL‘OCEus viridans may be found. These urinary tract strep-
tococci producf_‘ a mild, low-grade but exceedingly persistent pyelonephritis, and
show great resistance to drug therapy and also considerable ability, especially in
combmation with other organisms in “mixed” infections, to “split” the urea being
excreted 1 the urme, thus produci an alkaline uri S
The wrresistible power of the process bf N it urine, and caleuli
A mvem]t)he ess o ;lrca}sphstmg to produce 'c:ﬂculi and thus
I upoIr)x e e s € of such urinary tract infections has already
3 y of these Lancefield Group D streptococei to
spht urea 1s less than that of such active urea splitters as the Bacill
but st 15 nesvertheless definite, especially in mixed infections. A: s e
these various enterococeie streptococei i o regnrds treatment
2 £ ptocoeci may be considered together. The resist.
nce of this group to drug therapy 15 marked. Sulfonamide 3
mycin are meffectne Very large doses of penicillin or arseni ]n(;gs and strepto-
known to be successful on some occasions and to fail ; mt(}‘: rugs have been
all types of therapy tried have faile], The e a l"fo‘r;ho. er.s. In somf.: cases
0 0st effective but the simplelgt() can OIC: ;SA’?ﬂnddlc acid
two weeks’ course, as previously outlined, has been ; lry o !ex: the usual
then r d three “mande] " tablets h ‘completed, the writer would
our times per day for another two
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weeks. Should this fail, our choice would be for massive doses of agueous sus-
pension of crystalline penicillin G with procain (800,000 units intramuscularly
every 12 hours for a week), accompanied by a simultaneous two weeks’ course
of mandelic acid therapy. Ovophenarsine hydrochloride (“mapharsen”), 004 to
0.06 gm. intravenously every four days for a total of six doses, would be the
third choice. The usual precautions should be observed when using arsenical
drugs. Perhaps the new antibiotic, aureomycm, may prove effective, but the
writer has no information on this point.

CrrovIc INFECTIONS DUE TO STAPHYLOCOCCI

Staphylococeal infections of the urinary tract are of two gencral types: (1) the
acute metastatic infections of the renal par hy due to the Staphyl
aureus in winch the pelvis is usually not 1nvolved, such as the so-called carbuncle
of the kidney, (2) the usually mild and chronic pyelonephrtis due to either the
Staphylococcus aurcus or albus, which will be considered first.

In this latter type of pyelonephritis the infecting bacteria may come from foci
m the teeth, tonsils, or elsewhere, as previously described, and produce a
pyelonephritis which may be acute at jts onset but which soon lapses into a
mild low-grade but chronic condition, closely resembling that produced by the
L. field Graup D strep i. A further similanity is that these staphylococci
also sphit urea, especially m mixed infections, and to a somewhat greater extent
than the streptococcs, and that these infections are apt to be accompanied by
renal stone formation Also in their chronic state they are rather resistant to drug
therapy, although not so resistant as the streptococci Again streptomycin therapy
is not indicated, but large doses of penicillm are effecttve in many cases although
not m all. Fatlure may be attributed to the staphylococer acquiring abnormally
great resistance to penictllin, which sometimes occurs, and which results in the
usual dose being insufficient for eradication In some cases sulfadiazine 15 em-
ployed effectively, 1 others mandelic acid, while sometimes combined therapy
with pematln and mandelic acid 15 successful. Occasionally recourse to the

Is 15 ful. Prel y indications are that aureomycin may be
quite effective agamst staphylococes The multiplicity of agents used 1s an indi-
cation that no one drug 15 consistently successful against these mild but persistent
infections In these cases of staphylococeal infection 1t 1s important to seek out
and eradicate any foc: of infection existing in the teeth, tonsils, etc., which may
stand in the way of establishing a permanent cure.

Acute FocaL RenaL INFECTIONS DUE TO STAPHYLOCOCCI

In contrast to the chromc low-grade staphyl | pyelonephntis just de-
scribed, there 1s another type of more violent staphylococcal renal infection —
the acute metastatic hematogenous infection of the renal parenchyma, usually
without mvolvement of the renal pelvis. The staphylococe: are brought to the
kidney by the blood stream from foci usually outside the urnary tract, such
as furuncles or a carbuncle, acute otitis media or complication of osteomyelitss,
an mfected wound (paronychia) or sk lesion (dermatitis) or an acute upper
respiratory infection (pharyngttis or tonsillitis). A history of several furuncles
(“boils”) is especially common When a group of staphylococei is carried by the
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blood stream to a Midney the invading bacteria create a local area of ‘inlln'm'nm-
tion and infection in the kidney parenchyma. However, if the infection is minimal
it may be overcome by the powers of resistance of the local kidney tissues, and
spontancous healing will ensue, Undoubtedly this phenomenon occurs far oftener
thaw is realized.

However, the staphylocacei may be of such numbers or virlence as to gain
a firm foothold in the kidoey parenchyma. The bacteria lodge in the glomerular
capillaries, and are attached by polymorphonuclears with the formation of pus
and small focal abscesses, Characteristically these abscesses do not communicate
with the Kidney pelvis, and pus is usually not present in the urine. (This imolve-
ment primanly of the glomeruli without involvement of the pelvis is in contra-
distinction to the pyclonephritis characteristically produced by the colon bacillus
type of infection where the peliis is inolved and the tubular system tends to be
attacked and there 1s much pus in the urine.) Nevertheless the staphylococei
themselves somehow filter through into the pelvis, and may usually be found
in the urine.

The most screrc form of this type of infection is the so-called pyemie kidney
which occuts m the terminal stage of acute staphylococeal septicemia and is
usually scen at the necropsy table. The condition is usually bilateral, and both
Kidneys are niddled with multiple small staphylococcal abscesses.

In therr muldest form these focal staphylococeal renal infections tend to heal
themseles. However, 1f the diagnosis can be made, intensive penicillin therapy
will help recovery, and may also prevent an early infection from progressing to
clintcal abscess formation, which is what happens when the infection is of such
severity as to become established in the parenchyma.

If an abscess forms far out in the cortex of the kidney near the capsule, it may
break out through this capsule and form an abscess in the perinephric space
formed by Gerota’s fascia and usually occupied by fat. It is now thought that
hematogenous staphylococcal perinephrie abscesses form in this way, rather than
by deposition of bactenia m the perinephric fat by the blood stream Frequently
by the time the perinephnc abscess comes to operation it is found that the
abscess in the renal cortex has healed.

If the staphylococci take root more deeply in the kidney parenchyma, infection
and abscess formation oceur deeper in the kidney. Sometimes this abscess forma-
tion becomes so extensive and honeycombed as it estends through the paren-
chyma that 1t has the appearance of a carbuncle of the skin and so is called o
c'arbuncle of the kidney. This may or may not extend outside the kidney, to give
rise also to a permephne a\330ess,. but in any case it 1s uncommon for such an
::fct\on u: m\ad«;,] the pelv;)s, which accounts for the fact that pyuria usually js

present 1 such cases. Thus when a perinephric abscess exists, the possibility

of a coexisting hidney lesion must be anticipa
ated, althor i
found, the small causative abscess in the Ll‘dfey cor o {"e‘l‘-‘enﬂy uheady

stated tex having healed as already
TheamrpterseCa ol e, vyt .
pan . ! II_ Lo ‘I ']I‘ ; .' ! * infechion are fever, leukocytosis,
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! oy urph 2
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the urine sediment. In the early stages or less severe forms, the x-ray is not
informative, although sometimes on intravenous urography there may be diminu-
tion of renal function However, in the more severe forms, as in renal carbuncle,
pyelograms may reveal a good-sized, usually circular, pressure defect of the
calices or pelvis, which may also be accompanied by obvious localized bulging
of the adjacent part of the hidney. Sometimes the upper ureter 15 seen to be
pressed upon or deflected medially by a soft tissue mass. Occasionally the pyelo-
graphic picture leads to the mistaken diagnosis of renal neoplasm. In addition, if
a renal abscess or carbuncle 1s accompanied by perinephric abscess there will be
the additional findings assoctated with that process which will now be described,

PERINEPHRIC ABSCESS (STAPHYLOCOCCAL)

The earhest signs and symptoms of perinephric inflammation are minimal,
and frequently the clinical course of a perinephric abscess is so insidious and
slow that the diagnosis 15 not made until the process 1s far advanced and the
patient may have been suffering from chronic sepsis for a period of weeks or
even months In this connection, the history of a series of furuncles, a carbuncle,
an mfected hand or foot, or an infection of the skmn, 1n any person who is running
a septic type of daily afternoon and evening fever, should bring to mind the
posstbility of permephric abscess The usual perinephric abscess slowly increases
m size, sooner or Jater giving nse to tenderness and spasm on the affected side,
a posttive “Murphy punch,” and, late in the disease when the abscess 1s Jarge,
fullness and even bulging of the flank There 1s unwillingness and even mability
to bend the spine laterally away from the affected side on account of pam In
fact, the spme 15 frequently held in lateral flexion concave toward the side where
the trouble 1s. This shows up quite stnkingly in an sray Often the shadow of
the lateral margin of the psoas muscle, which usually appears by xray as a
sharp line just medial to the hidney shadow, 1s clouded or obliterated by the
soft tissue mass Furthermore m all cases of perinephric mflammation the Lidney
1s fixed by the mflammatory process so that it does not move and make the cus-
tomary 1 to 2 mch excursion up and down on expiration and inspiration, or on
shifting from the recumbent position to the erect one This is shown clearly by
a-ray where the immobility of the kidney on the affected side 1s in contrast o
the mobility of the normal kidney Occasionally, the abscess causes irritation of
the psoas muscle, resulting in psoas contraction and flevion of the lup jomt, sug-
gesting disease of the hip or psoas abscess orignating from bone disease. If
renal carbuncle is also present there may also be x-ray findings suggestive of
that condition which has already been described.

Treatment of Staphylococcal Focal Renal and Perinephric Infections. Since the
two conditions are so closely related —and often associated with one another —
the treatment of focal staphylococcal renal infection and of permnephric mfection
will be discussed together. The early stages of focal staphylococeal renal infec-
tion or of peninephric inflammation or cellulltxs—beforc abscess formation has
taken place — may be favorably affected b, Ihn therapy, although
after a frank abscess has tormed either in the kidney or in the permephnc Jez,lon,
penicillin probably cannot cure, and surgery 1s necessary. Therefore, 1n the early
stages a thorough trial with pemcillin is indicated on the chance that, if abscess

N
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farmation has not oceurred, the inflammation may thus be cured and an abscess
prevented. The therapy recommended For this is 300,000 units of aqueous suspen-
sion of erystaline penicillin G with procaine added to climinate “stinging” at the
site of injection, given ntramuseularly once every 21 hours for one week. At the

TABLE 11
BacT 1A CorMong s CAUSING UIINARY INERCTIONS AND TiiE AGEATS LirreTinr Acainey Tus

Organism Agents In Order of Their
Effcctivencss
Bacilluy coli Aurcomycin
Streptomy cin

Dihydrostreptomy tin
Mandelie acid
Sulfadiazine
Sulfathahdine
“Mandelamine™
Sulfasuvidine (with streptomy cin)
Mcthenamine
Acrobacter acrogenes Aureomycin
Streptomy cin
Diliy drostreptomycin
Sultadiazine
(Mandelie acid)

Bacillus protens Streptomycin or dihydrostreptomycn
N.U. 445
{Singly or together)
Bacillus pyocyancus Streptomy cin
(Brcnton ginosa) Diby dros T in
Mandehe and
Fredlander's bacillus Streptomycin
(Klebsiella pnetumoniac) Dihy drostreptomyetn
Aureomycin
Hemopintus mfluenzac Streptomy cin
(Plerffer’s baollus) Dihy drostreptomy cin
Staphylococcus aureus Penycillin
Staphylococeus albus Aureomyem
Sulfadiazine
Mandehe aad
“Mapharsen”
{Streptomycin}
Streptococer Mandelic acid
Enterococer Pemaillin
Aureomycm
“Mapharsen™
Pleyropncumoma organusms Streptomy e
(“L” bacillus) Dihydrostreptomy cin
Paratyphaid salmonella group Aureomyem
{Streptomy cin)

end of that time any inflammation amenable to penicillin therapy should be
cured, and if signs of infechion stll persist, 1t indicates th
alone cannot be successful in that case, and that abscess formation has probably
taken place, and surgery must be resorted to. In such an eventuality, 1t lrx)-ls £t ;
been found that, while the penicillin was not able to cure the 'lbsc,es {1 Ub -
terial acu\fxty in the abscess was so depressed that 1t took da ‘s or Sj ‘e> ﬂt.“
for the activity in the abscess to exacerbate and declare itself. Ifythis pe}:x‘een:x::::\:

at penicillin treatment
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aceurs, it usually results in the necessary surgery having been postponed on
account of the earlier appatent cure of the wfection. This does the patient no
physical harm, and the possibility of obtawing a cure by penicillin m early stages
is deemed worth taking this chance, Thus, unless a case is seen in an early stage,
treatment by penicillin alone is not successful, but 1t has proved to be a valuable
adjunct to surgery where 1t is mdicated in the dosage of 300 000 units of aqueols
suspension of crystalline penicilin G with procat j d int g
twice daily,

In the past, the surgery indicated in cases of renal carbuncle was wsually
nephrectomy, since the process had involved the kdney so extensively that
simple dramage of the carbundle was apt to end in failure, as the entrenched
mfection continued to smoulder and burrow throughout the kidney, eventuaﬂy
destroving 1t and necessitating 1ts removal. There were, of course, some excep-
tions to this where simple drainage was successful, and nowadays, by the use of
mtensive pemaillin therapy m conjunction with surgical drainage, it should be
posstble to save more kidneys from destruction and eventual removal

As regards the surgery of perinephric abscess, needless to say thorough drain-
age 15 required, and sometimes it may be necessary to explore the entue peri-
nephric region 1n order to find a small abscess. As already mentioned, an abscess
or carbuncle of the kidney may be present and should be looked for. As previously
stated frequently the diagnosis of perinephric abscess is not made until it and
any accompanying renal earbuncle have become extenstve, and the patient has
heen suffermng from chronte sepsts for a considerable time and has become
debibitated. In such a cachectic patient, even though on drainage of the peri-
nephric abscess the hidney is found to be so badly damaged by sepsis as to call
for nephrectomy, 1f the condition is septic and poor, it may be the part ot wisdom
to be content with dramage only of the renal carbuncles, and to postpone the
nephrectomy until such time as the patient’s general condttion has improved,
meanwhile adminstering intenswe penicillin therapy.

NecromizinGg Benar Pariirmis

An mteresting and rare form of acute pyelonephritis, which has been described
only fairly recently, and which as yet may not be generally recognized, is
necrotizing renal papilhtis, This is a type of acute pyelonephritis in which
abscesses become confluent in the renal pyramids about two-thirds of the way
from the tip of the papillae to the junction of the pyramds and the cortes This
abscess formation nterferes with the blood supply of the pyramuds, resulting
in a complete infarct-like necrosis or gangrene of the termmal two-thirds of the
pyramids which, of coutse, mcludes the papiliae. In advanced lesions, portions
of the papillae break off, and even the whole papslla may slough out. In most
cases all pyramids of the affected kidney are involved, and usually but not
always the process involves both kidneys. Varying amounts of the more usual
type of acute pyelonepbritis are always found in the cortex of these kidneys.
Tt is felt that healing does not occur, as the chronic, healing or healed stage
has never been recognized. As might be expected, this condition is almost always

tal, the only exception being the rare cases who have survived following the
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remoral of a kidney in which papillary neerosis was found, and whose survival
has postulated that the remaining Lidney was uninvolved.

Clinically an jmportant featuse is that this disease ocenrs largely in diabetics.
It may also oceur fu non-diabetics but is quite rare, When it does occur i pon-
diabetics, it is apt to be a complication of infection secondury to urinary tract
stasis due to prostatic obstruction in elderly men, In contrast, the diabetic group
is somewhat younger and urinary tract obstruction is rare. In such an unusual
and clear-cut lesion it might be expected that one particular specific organism
would be found to be the causative agent. This, however, is not the case as
various organisms have been found in these Mdneys, as Bacillus coli, Staphylo-
coccus anrcus, hemolytic and non-hemolytic streptococed, Bacillus protcus, and
Klebsiclla pnenmoniac. Mived infections are not uncommon. The usual clinical
course is an acute fulminating one, and the patient — usually a diabetic — enters
the hospital scriously ill with the history of the sudden onset of symptoms
suggestive of a severe generalized systemic infection with prostration, high
spiking temperature, and rapid pulse, Invariably the urine shows pyuria and
bacterial infection. The course is rapidly fatal, being characterized by oliguria
or even anuria and rapidly progressing uremia which is the cause of death in
most patients. Septicemia with positive blood cultures is often found, and some
patients dic of overwhelming infection. .

’ljllere is a second type with a less acute but equally fatal clinical course, in
\vlm':h,. after weeks or x.non\hs of subacute pyelonephritis characterized by
remissions and cmccrbahm}s, the patient’s condition suddenly hecomes much
worse and‘detcriomtcs mpl.dly.unlil dcath.cnsucs in a few days in the same
manner as in the acute f'u¥mmahng cases. Tt is felt that this represents a condition
of subacute pyelonephritis upon which necrotizing papillitis is suddenly
mposed :

In the past, antemortcm diagnosis has been rare, and it can be argued that,
smce the affected kidney or kidneys are doomed, arriving at the correct clini i
diagnosis before death is of no practical importance. Howeser, Sin:e c“u:.xsca
s“dde"IY de"’?rol’i"g and rapudly progressing bacterial lesion \;'hic]x must la-
treated intensively and wnmediately with the proper antibacterial g’
as with general i P 2 al agents as well

general supportive treatment, if there is to be any possible ho £

and unless one is to adopt a nonprogressive and defeatist attitud, {-m of cure,

resignation and pessimism as regards attempting to save tlhe mﬁ of complete

diagnosts 15 all-important. In this connection, retrograde pallcnt' an early
demonstrate an irregular moth-eaten eroded :\pp'enr:mcg ;i th e Og'mp]}y may
to sloughing of the papillae. This appearance may be much ‘f}:enal calices due
grams in advanced renal tuberculosis, Knowledgeyof the ; (l o that Of_pyc]o-
dition is also important in view of the fact that the ne 0-‘f15 ence of this con-
papillae which impairs the uinary drainage of the nssnﬂ‘?s:s of the tips of the
ltut%s a contraindication to the use of the sulfa drugs, in vicel?vc(i chhmn]sl ]c\onsti.
endency to precipitat i 2 1eir well-hnows
y to precipitate out in the renal tubules if the flow of urine is not fr‘e‘:

super-
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related susceptible orgamisms, or massive doses of penicillin for susceptible
bacteria as staphylococci, or if i doubt, or until cultures can be grown, or for a
mixed bacillary and coccal infection very large doses of both streptomycin and
pemallm, The condition 15 so lethal that everything possible must be tried

Necrotizing remal papillitis must be suspected mn severe acute urmary tract
mfections, particularly in diabetics but also in nondiabetics with urinary obstrue-
tion, where the pattent suddenly becomes seriously ill, there is oliguria, and the
nonprotein mtrogen of the blood 1s nsing rapidly.

ABACTERIAL Pyuria
So-called abacterial pyurfa (also called amicrobic pyuria or acute exudative
or hemorrhagre cystitis of undetermined etiology) is an uncommon disease whose
etiology has not been determined. Most of the cases observed have been m
young adult males, many of them soldiers. The first symptom is frequently
an acute urethritis in which no gonococei or other orgamisms can be found on
smear or culture. Sexna) exposure may have preceded this in some cases. After
the discharge, which 15 unaffected by sulfa drugs or peniciliin therapy, has lasted
from one to three weeks the patient develops an extremely severc cystitis with
marked frequency, urgency, burning, and not only pyuria but also hematura,
sometimes profuse. The symptoms are so severe dunng this acute period that the
patient may be confined to bed most of the time.
Cystoscopy at this time shows an intolerant bladder with an intensely 1n-
flamed and edematous mucosa, often with ulcerated hemorrhagic areas and a
lot of fibrinous exudate The bladder becomes markedly contracted because of
this mflammation, with a capacity of only an ounce or two In most but not all
cases there 1s dilatation of the kidney pelves and calyces, and of the ureters
down to the bladder It 1s possible that tlus dilatation may be due to mnvolvement
of the hidneys and ureters by this severe mflammation, but this scems unlikely
as there 1s only low grade fever and no tenderness in the kidney regions or chills.
The probable explanation of this dilatation 1s that 1t 1s caused by obstruction
to the lower ureters by the contracted and inflamed bladder Further evidence in
this direction 15 that the mflammatory edema in some cases 15 such that ureteral
catheters cannot be passed up the ureters, and in other cases the urie obtained
on ureteral catheterization 1s esther frec of pus or shows very little. The bladder
picture of acute hemorrhagic cystitis combined with dilatation of the ureters
and kidney pelves 1s often suggestive of tuberculosis, and nephrectomies have
been performed with this mistaken diagnosis The eystitis tends to run a pro-
tracted course over months Along with the urethritis and cyshitis, some patients
develop polyarthntis of vanous jomts, such as the knees or elbows, and a few
develop conmunctwitis, intis, or dermatitis. As has been previously stated, all
cultures are negative including those for tubercle bacilli Sulfa drugs and pen:-
cillin are of no avarl However, arsemcals (e.g., neoarsphenamine 038 gm. intra-
venously every three to five days for a total of five doses) scem to be rather
specific and bring about marked improvement and eventually cure More
recently streptomycin has been used with success. However, unless arsenicals or
streptomycin are used the disease tends to run a protracted and incapacitating
course of many months, and even after their administration cure is not always
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rapid and dramatic. After recovery the capacity of the bladder increases and
the dilatation of the ureters and kidney pelves regresses in the direction of
normal.

The fact that the etiology of this discase is as yet undetermined has aroused
much interest and speculation. Some belicve it to be a virus disease, One group
in Chile reports finding spirochetes by darkfield examination of the centrifuged
sediment of the urme in 6 cascs. They were of the opinion that these organisms
were probably of the type belonging to the buccal flora. In their cases dental
treatment was given as indicated and arsenteals were administered, and cures
were obtained. The fact that arsemcal drugs are so effective in this condition
would support a spirochetal etiology.

REITER'S SYNDIOME

In 1916 Reiter reported the case of a young German officer who, following
an acute gastro-intestinal upsct, had acute nongonorrheal urethritis with intense
cystitis, conjuuctisitis, and polyarthritis. All routine cultures were negative, but
Reiter thought that a spirochete in the blood stream was the ctiologic agent
and called the condition “spirochaetosis arthritica.” Although others were unable
to find the spirochete, this tnad of nongonorrheal urethritis, conjunctivitis, and
arthntis with negative cultures was recognized as a definite syndrome and
named after Reiter, and at least 65 cases have been reported since then, There
are sometimes dilatation of the upper urinary tract, resistant to sulfa drugs
and penicilln, and a long incapacitating course before eventual recovery.
Despite minor differences cases of Reiter's syndmmc have, in general, so much
m common with those of so-called abacterial pyura {including dilatation of the
upper urinary tract producing a picture suggestive of tuberculosis) that it
seems not unbikely that they have a sumlar etiology.

INFECTIONS DUE TO PLEUROPNEUMONIA Orcaxtsms (“L” pactiius)

Quite recently there have been reported cases of urethritis, prostatitis, or cy:
titis, sometimes accompanied by polyarthritis and conjunctivitis ~ thus }u\ﬁ“)S‘
the requirements for Reiter’s syndrome — in which the usual cultures have b, o
negative, but in which special culture methods have shown organisms l;e'.c “?t’ll
to the pleuropneumonia group, apparently the etiologic facm} in th ey
The organisms belonging to the pleuropneumonia group are Tt they
have properties common to viruses of being filtrable and invisible on &
stained smear, but, unlike the viruses, can be cultivated in lifele: . :le vl
quently requiring anaerobic conditions. Pleuropneumonia o fomts wens, e
cultivated m 1898 from cattle and were recogn e of e st

ized as the cause of the disease,
bovine ple TOpPNENTNON: Tans o ese organisms have a e bi
oving plew 1a g s have also been found

St f th n

other ammals, as goats, rats, and sheep, Dj ; :
> p. Diseases in anima 2 .

oo S Sl 2 i 5 s s, O
cultxvgteg rom ll:u:]’;zfn?umoma group — the so-called L baci”us—wgrc ﬁrr:i
similar m their ap eamnin 1?137. A strains of theso organisms are closely
and physical Pmpegties Tl? the Erf:wth of their colonies, and their staini; ’
stamed smear empl e organisms cannot be found in the e

ployed in baCferiology b usual t:

e
ecause they are so soft and fraggepﬂl;’f

peculiar in that they



338 MONOGRAPHS ON SURGERY

related susceptible organisms, or massive doses of penicillin for susceptible
bacteria as staphylococci, or if in doubt, or until cultures can be grown, or for a
mixed bacillary and coccal infection very large doses of both streptomycin and
pemaillin,  The condition 1s so lethal that everything possible must be tried.

Necrotizing renal papillitis must be suspected in severe acute urinary tract
infections, particularly in diabetics but also in nondiabetics with urinary obstruc-
tion, where the patient suddenly becomes seriously 1ll, there is ohigura, and the
nonprotein nitrogen of the blood is rising rapidly.

ABACTERIAL Pyuria

So-called abacterial pyuria (also called amicrobic pyuria or acute exudative
or hemorrhagic cystitis of undetermined etiology) is an uncommon disease whose
etiology has not been determined. Most of the cases observed have been in
young adult males, many of them soldiers. The first symptom is frequently
an acute urethritis in which no gonococei or other orgamsms can be found on
smear or culture. Sexual exposure may have preceded this in some cases. After
the discharge, which is unaffected by sulfa drugs or pemcillin therapy, has lasted
from one to three weeks the patient develops an extremely severe cystitis with
marked frequency, urgency, burning, and not only pyurta but also hematuria,
sometimes protuse The symptoms are so severe during this acute period that the
patient may be confined to bed most of the time.

Cystoscopy at this time shows an imtolerant bladder with an mtenscly in-
flamed and edematous mucosa, often with ulcerated hemorrhagic areas and a
lot of fibrinous exudate The bladder becomes markedly contracted because of
this inflammation, with a capacity of only an ounce or two. In most but not all
cases there 15 dilatation of the khidney pelves and calyces, and of the ureters
down to the bladder. It 1s possible that this dilatation may be due to ivolvement
of the kidneys and ureters by this severe mflammation, but this scems unlikely
as there 15 only low grade fever and no tenderness n the kidney regions or chills
The probable explanation of this dilatation 1s that it 1s caused by obstruction
to the lower ureters by the contracted and inflamed bladder. Further evidence in
this direction 1s that the inflammatory edema 1n some cases 1s such that ureteral
catheters cannot be passed up the ureters, and 1n other cases the urme obtamed
on ureteral catheterization is either free of pus or shows very little. The bladder
picture of acute hemorrhagic cystiis combined with dilatation of the ureters
and kidney pelves 1s often suggestive of tuberculosis, and neplircctomies have
been performed with this mistaken diagnosis The cystitis tends to run a pro-
tracted course over months. Along with the urethritis and cystitis, some patients
develop polyarthnitis of various jomnts, such as the knees or elbows, and a few
develop conjunctitis, ntis, or dermatitis As has been previously stated, all
cultures are negative mcluding those for tubercle bacill: Sulfa drugs and peni-
allin are of no avail. However, icals (e.g., p! 03 gm. ntra-
venously every three to five days for a total of five doses) seem to be rather
speclﬁc and bring about marked improvement and eventually cure., Morc
recently streptomycin has been used with success. Ilowever, un]css. arseuic.:nls. or
slreptomycin are used the disease tends to run a protrac.ted and 1.ncapac|tnhng
course of many months, and even after therr admmistration cure is not always
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dilatation of the upper urinary tract. In these cases, simultancously with the
disappearance or marked diminution in numbers of the L organisms in response
to streptomycein therapy, there was subsidence of urinary symptoms, suggesting
a causal relationship. In this series there were 9 cases of Reiter’s triad syndrome,
and an equal number with joint symptoms, but without conjunctivitis or ocular
imvolvement. In 2 of the Reiter's cases a pure culture of L bacillus was obtained
from knce joint fluid. All these cases showed 2 tendency to chronicity and to
recurrence, One newly wedded couple developed acute arthritis a few weeks
after marriage, and both had L bacillus infections of their genital tracts.

The evidence to date not only suggests that there are various strains of
pleuropneumonia organisms, which vary in their pathogenicity to humans and
also in their tendency to produce joint ducase, but it also suggests that the
condition may be contagious and transmitted venereally. However, some cases
give no story of venereal exposure, and the gastro-intestinal tract is suggested
as a portal of entry by the fact that a number of cases have had diarrhea just
preceding the onset of the disease. These infections, including the ones showing
Reiter's triad, are not susceptible to sulfa drugs or penicillin but are usually
favorably affected by streptomycin, alt]mugh evidence of joint inflammation
may persist for some time. Qccasional chronic cases are improved temporarily
by streptomycin, but recur later.

The observed cases of pleuropneumonia infections have many similarities
with cases of abacterial pyurta and Reiter's syndrome, which themselves are
somewhat alike. Some of the points in common are: (1) Young males are
predommnantly affected. (2) Many but not all cases have a history of sexual
exposure, whereas a few give a history of a preceding gastro-intestinal upset with
diarthea (8) There may be wrethritis or cystitis, sometimes accompanied by
polyarthatis or/and conjunctivitis—all of which tend to run a prolonged cours’e
unless given the proper treatment (4) There is pus but the usual cultures and
smears are negative (5) Sulfa drugs and penicillin are not effective, whereas
streptomycin 15 quite effective, (6) The complete cure may be slow, ; |
the condition has been going on for a long time, in which case Tecurrences may
take place after therapy. (7) The whole situation definitely suggests that pl y
pneumonia organisms — possibly different strains, some of which ]n\‘c II:uf"m;
been detected by present culture methods-—may be the common 2 ye
called abactenal pyuna and Rerter’s syndrome However, the e\'idC J:SO x 5'04
1s not conclusnve, and the situation needs further clarlﬁcn;ion. enee ns yet

especially if

NONSPECIFIC URETHRITIS {IN THE MALE}

The term “nonspecific” urethritis my
ust have bee i §
just two kinds of urethral dlschurges were recogni: d“ Chm"ed e s when
m ongn and those that were not—and ths t gmz'e —;l o ‘l]h-’ll oy Sorhen!
m orgin and the e > term s still used broadly to refer to
n g theal origin  However, amo

;“Zihéal ‘:nﬂammah]ims which are spoken of as nonspecific, there ;re sm:§ \\:}l:se
1fic causes ar . . o
ol,) o infec(mna\:i( 1:10\;!:&‘such as thcfse ({ue”to Trichomonas vaginahs infestation

Of 10 infection ﬁp Opneumonia {“L bacillus) organisms Another ty)
pecific urethntis follows the mechanical trauma of instr ks
2 0 umen-
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they are destroyed duning the preparation of the shide. They can be recognized
only by first growing them on rather special culture media, usually anaerobically,
for two or three days, and then examming the tiny colomes microscopically
in sttu on the culture plate, using a specal staining technie. In this way 1t can
be seen that the cultures consist of tiny granules and fine filaments These
swell to form soft spherical forms which agan reproduce the granules and
filaments. Though there 1s no doubt that this micro-organism differs in its
properties considerably from most bactera, it 1s felt that it is essentially a
bacterium Tt 15 surmused that the culture method used 15 presumably not
appropriate for all stramns, and that as yet 1t 15 probably not successful in growing
the org from all sy n which they are present. There probably are
many strains of pleuropneumonia organisms differing m pathogenicity, but the
properties useful 1 differentiating strams of morphologically similar bacteria,
such as growth requirements, serologic properties, ctc, are as yet little under-
stood

Chnieally L orgamsms are found not uncommonly (6 to 26 per cent, according
to various observers) in the cervical and vaginal secretions of apparently normal
women without any history or evidence of genito-urinary disease. However their
mncrdence is much higher (33 to 75 per cent) in women with mflammatory condi-
tions of the genito-urinary tract, such as gonarrheal urethritis and endocervicitis
(where they are found 1n association with gonococes, and often remam after the
gonococar have disappeared ), chronic endocervicitis, pelvic abscesses, ete Some-
times the orgamsms are found in pure culture, as 1n 2 Bartholin's abscesses re-
ported, and sometimes 1 a mixed wfection, but in far greater abundance than
the other bactenia. In some cases the acute mfammatory condition developed
a few days after sexual exposure, whereas i others there was no such history
Acute arthritis m assocation with pleuropnenmomal 1nfection 1s much less
common 1n women than in men, and the Reiter’s triad syndrome has not been
seen 1n women with such infection, so far as the author knows Thus 1t can be
said that the fairly high mad of L org: n app ly normal female
genital tracts would suggest that they are part of the common bacteral flora i
this region Nevertheless, their much higher incidence in association with inflam-
matory dit ggests that they may have a pothogenic action
on the female genito-unnary tract.

When 1t comes to the consideration of males with pleuropneumoma mfections,
the picture is somewhat different Various observers have found pleuropnen-
moma orgamsms 1 as high as 20 per cent of men with so-called nonspecific
urethntis, and the incidence of such orgamisms i apparently healthy males is
quite low Furthermore n one senes of 58 males i which the L organisms were
found, every patient had evidence of prostatits, urethnitis, or other genito-urinary
inflammation The cultures sometimes showed a pure growth of pleuropneumonia
org and g a pred of these but with also some other
bacteria such as colon baall, staphylococel, streptococes, or diphtheroids
Dienes and his co-workers descnbed a number of cases of markedly acute
cystitis with a stubborn, protracted course and tendency to recurrence, which
closely resembled cases of so-called abacu?rial pyuria, and which gave a pure
and abundant growth of p! gt organi: S i there was
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where it sometimes produces an irritating vaginal discharge. Every route by
which males may acquire this infestation is not definitely known, There scems
little doubt that it is frcquvnlly contracted through sexual intercourse with
infested women, Nevertheless it is not always acquired through sexual contacts,
and it is felt by some that infection may be transmitted from the anus or the
mouth to the urcthra. It has been seen in very young boys.

Many cases in which trichomonas s found have urethral strictures or abnor-
mally small urinary meati. Commonly in addition to the trichomonas other bac-
teria are found in the urethral discharge, such as streptococci, staphylococed, and
various bacills, (Also in cases of gonorrheal infection, trichomonas is often found.)
Frequently the prostate is also infested, which means that the urcthral condition
cannot be cleared up completely untl the prostate has been rid of the tricho-
monas, As regards treatment, if any stricture exists it must be dilated to
normal size, and if there is an abnormally small meatus it is enlarged by
meatotomy, as 1t is felt that good urethral drainage is important in obtaining
a cure. The author knows of no treatment as yet which is specific for trichomonas
and decisively effective. Calenun mandelate, in the usual dosage to supply 3 gm.
of mandelic acid four times per day, 15 said to be quite effective, Sulfonamide
drugs and peniaillin have been disappointing. Acetarsone vaginal suppositories
have been suceessful i women, and the writer wonders if “mapharsen” in the
usual doses might not be effective, but he has not tried it. Various urethral
and bladder irngations have been reported to be effective—potassium perman-
ganate solution 1.4000, agueous benzalkonium chloride (“zephiran™) solution
1:10,000, 1 per cent gentian violet solution, 1:4000 solution of acriflavine in
normal saline, “nvanol” dextrose, etc., but no one of them has apparently pro-
duced evcellent results. Along with these irngations, if the prostate is involved,
1t 15 massaged regularly. If bacterra such as various cocci and bacilli are also
present, as they commonly are, 1t seems to make the condition more difficult
to cure, and at be‘st it tends to be chromec, with waxing and waning despite

treatment, and with a tendency to relapse. For this reason patients with
trichomonas infestation, even if doing well, should be kept under observation
for many months,
rethral dscharges assomated with pleutopneamonia (L7 bacillus) infections,
al pyuria, and wit Reter’s disease have already been considered,
Trauma, either mechanical or chemical, wall produce a ureth
Under the head of mechanical trauma come instrumentation
such as a stone c.aught and impacted in the urethra or a
Che.mlcnl trauma is c.ihused by the injection of strong soluty
against venereal mfection or, .tn a lesser extent, by alcoholic
that vanous bactena, including staphylococci,

catarrhalis, are frequently found in apparently n

detectable inflammation or disease. The muc

urethra 1s very sensitive and reacts to the slight
of mucus, epithelial cells, and leukocytes. Thu:
following mechanical or chemical traum:;

Tesistance of the traumatized mucous me:

in the urethra to start an infl

ral discharge
and forergn bodies,
n inlying catheter.
ans for prophylaxis
excess It is known
streptococel, and Micrococcus
ormal urethras without causing
0us membrane of the anterior
est irntation with an outpouring
s the nritative type of urethritis
a is felt to result from the lowered
membrane, permitting the bacteria Ppresent
ion there, Nonspecific urethral discharge
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tation or of an inlying catheter, or the chemical trauma produced when strong
solutions are mjected for venereal prophylavis. In addition to urethral discharges
of known wfecticus o1 traumatic ongin, there are other urethral inflammations
m the nonspecific category which truly deserve to be so classified because as yet
no speaific etiologic factor for them has been discovered, However, as the years
go on undoubtedly more etiologic factors will come to Iight, so that the urethral
discharges whose cause 1s unknown will constantly decrease.

In order to diagnose a urethral wnfl tion as truly pecific with no
discoverable ctiologic factor, those discharges whose cause 15 known will have to
be considered mn the differential diagnosis, and therefore they will be mentioned
briefly

Diabetes mellitus will sometimes cause itching and shght inflammation about
the unmary meatus with occastonally a little discharge Therefore, the urine
should always be tested for sugar.

Gonorrheal urethntis can be diagnosed and differentiated by finding gono-
cocel (gram-negative, mtracellular, biscuit-shaped diplococei) in the smear
of the discharge. In cases that are not fresh and acute, 1t is sometimes hard to
find the gonococci, and several smears may have to be taken in order to find
them Sometimes a spectal culture 1s necessaty The discharge which has accum-
ulated at the time of rismg 1n the morming 15 most apt to be positive, and the
patient can be given glass slides so that he can make these smears lumself and
bring them m for staming and examination.

The primary chancre of syphilis occasionally occurs mtra-urethrally, and may
gire nse to a thin discharge Frequently these chancres produce no palpable
mduration, but 1f an indurated lesion 1s to be felt in the distal urethra, especially
if it 15 ulcerated, syphilis should be suspected, and repeated darkfield exammna-
tions should be made Ulceration should be suspected 1n a patient showing any
blood 1n hus urethral discharge. The mncubation period 1s from two to six weehs
after exposure,

Occasionally a thin urethral discharge 15 encountered in association with
and as a part of tuberculosts of the gemito-urmary tract, and tuberculous strictures
of the urethra may occur Since urethral manifestations are not seen until the
disease 1s well established in other parts of the tract, e.g, the prostate, the diag-
nosis 1s not hard to make.

Infestation with the protozoon, Trichomonas vagmnalis, frequently gives a milky
urethral discharge In addition to the discharge, which 1s usually accompanied by

itching and imntation, the patient may or may not have noticeable dysuria,
frequency and urgency, and nocturia The diagnosis is established by finding the
motile protozoon, which 1s nearer round than oval, of the same color as a
leukocyte but defimtely larger, and has several har-like flagellae protruding
from one end. A fresh preparation 1s made, either by a suspension of a drop
of the discharge i a drop of sale on a glass microscopic shde or by taking
a drop of the fresh warm urine, preferably the centmfuged sediment, and putting
it on a slide. Under the pe, the trich can definitcly be scen to
move, in fact, their motility 15 what first calls attention to them The ordinary
microscopic illumination 15 quite satisfacto.ry, but the darkficld method is
perhaps the best. This protozoon commonly infests the genital tract of women,
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are found, they should be cradicated. As regards local lrc:lm'wnls:vstncc ]s‘l‘[ndtm;]u
is found in more than 10 per cent of cases, the urclh'm is ﬂl\h’l)[i ’c.':ljr::f s
and if a stricture is found, it is dilated to normal sm. M“,’ il (l(;l mcln.uf
is tiny, it is enlarged by a generous meatotomy. It is important to \(\)r]‘ ;;sc
things, as good urothral dradnage 15 necessary for successful trcntm;:nt. ie |c(;
the urethra needed dilatation or not, the weekly passage of a num )cn; 30 solun !
or dilatation with the Kollman dilator scems to .hulp‘ This should be (on(:
after the instillation of 10 per cent argyrol solExtlon.ur ‘1:5000 silver mtmu]
solution. The patient should report wcck.ly,‘ and is to instill 5 per cent argyro
wnto his urethra once daily. If a prostatitis is prcscnl: a wccl:ly massage sh?u\d
be given, and the quantity of pus cells in the pr({slahc sceretion cl.lccl»;ed m_lcm-’
scoprcally. 1f urinalysis or culture indicates a possxb.le f(?cus higher in the urinary
tract, further studies should be carried out, mc]udms u!lm\:cnous or retrograde
pyclography. If a focus is found, e.g., a pyo'ncphmsxs, it will probably l.m\'c to
be climinated before cure of the prostatitis can be expected. C.hrumc non-
specific arcthral discharges are almost :Elways secondary to stricture or to
pathology higher in the urinary tract, and in such cases no :'lmuunt ?f treatment
directed to the anterior urethra alone will cure '(hcm. SIHC(:‘(])(?Ir (rcat’n}crlt
15 largely that of the factors causing them, nnd‘s'mce 'nonspcclﬁc pm?mm,s is
by far the commonest of these factors, that condition will now be considered.

NONSPECIFIC PROSTATITIS

There are various Organs or regions of the body which seem to be “catch
Pasing” for wfections, exhibiting a tendency to acqure and harbor infections
chromeally. Examples of this are the tonsils, the apical region of the teeth, the
sinuses, and the prostate. One supposes that the reason the prostate is prone
to become mfected and is often difficult to rid of infection is because it is
composed of a complicated labyrinth of tubules and acini which by their very
nature do not favor free drainage, and thus favor the occurrence and continuance
of infection. Nonspeaific prostatitis 1s fairly common, and is frequently secondary
to some other focus of mfection in the body from which the infecting bacteria
are carrted to the prostate by the blood stream. Such foci may be infected skin
lestons as furuncles, mfected tonsils, acute upper respiratory infections, and
abscessed teeth, and especially the transitory bacteremia which often follows
their extraction. The writer is reminded of an acute nonspecific prostatitis
occuITing I & friend following the extraction of an abscessed tooth A nonspecific
prostatitis may also oceur followmng the passage of instruments through the
urethra Prolonged congestion due to excess of sexual activity, particularly when
accompamed by alcoholic overindulgence, the presence of foreign bodies in the
urethra or of stricture, and bodily chilling ~ all predispose to such an infection.

1f the process 1s acute, there are fever and a throbbing pain in the region of the
prostate, accompanied by frequency of, and rarely by difficulty in, urination, and
usually cloudy infected urine. On the other hand, chronic nonspecific prostatitis
often gives no obvious signs or symptoms, except some shreds in the urine or
perhaps a shght urethral discharge, most noticeable on arising in the morning.
The gland may be normal to palpation, but its secretion will show many leuko-
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following excessive venery, which is often accompanied by alcoholic excess,
1s doubtless due to a sumilar cause. A sumlar type of nonspecific urcthral inflam-
mation appears within a day or two after intercourse but soon goes away. This
may happen repeatedly with the same sexual partner, and the explanation given
tor this is that the vaginal sccretions of certain women, especially immediately
after menstruation, 1rntate the urethras of certan men.

Having mentioned the chief types of “nonspecific” urethritis, whose specific
cause is known, truly nonspecific urethral mflammations will be considered, whose
specific causes are unknown, For years these have been a minor bugbear of
urologists, because they tend to be slow to heal, and, since nothing is known
of their etiology, it 15 hard to put their treatment on a logical therapeutic basis
and to do more than treat the signs and symptoms. Although many of these
truly it urethral 1nfl ations appear after sexual exposure, some
appear without any such contact, n which case they are usually secondary to a
nonspecific prostatitts which 1tself 1s secondary to some focus of infection in the
body, frequently m the teeth or the tonsils. Cooper and MacLean cultured
staphylococer from the discharge of 87 per cent of their series of 100 cases. It
was the sole recoverable orgamsm 1 55 per cent, and was found associated with
other bacteria, as streptococes, ete, 1n another 32 per cent. Since many cases
of nonspeclﬁc urethritis appear after sexual mntercourse, 1t is not surpnising that
the majonty of cases occur between the ages of 20 and 40, which is the period
of maximum sexual activity.

In the acute stage of nonspeaific urethnitis there is nothing that will produce
dramatically rapid cure Penicilhn {ag pension of erystalline penicillin
G with procam) 300,000 umts intramuscularly twice a day for two days, and
then once a day for five more days, sometimes llc]ps, as at times does sulfadiazine
The author has had no experience with streptomycmn or aureomycin m such
cases, but favorable results with aureomycin have been reported m a small sertes
of cases In thuis acute stage gentle daily urethral irmgation with a tank and
nozzle using warm normal saline or 1.8000 solution of potassium permanganate,
and followed by the instillation of 5 per cent argyrol solution 1s beneficial.
Sometimes the urethntis will subside rapidly and disappear, but 1t 15 apt to
be quite persistent.

Pelouze found that two-thirds of several hundred cases of chronmc nonspecific
urethral discharge were due to the reaction of the mucous membrane of the
anterior urethra to a tocus of infection mn the prostate or higher This finding
is of mterest 1n view of the fact that more frequently than not such a discharge
is viewed as an mdication of inflammation limited to the anterior urethra only,
and treated as such without any consideration of the possible evstence of an
underlymg focus of mfection elsewhere, as n the prostate, This may account for
the slow progress sometimes made m treating such cases Therefore mn any case
of nonspecific urethnitis, even though 1t may be supposed to be limited to the
anterior urethra, 1t is most important to search for any foci of fection and
eliminate those found, m addition to giving treatment for the urcthra. If the
prostate 1s found to be the focus of mfection, as occurs in about (hrce-ql‘mrtcrs
of the cases, its mfection 1 turn may very well have come from foci in the
teeth or tonsils, and these also, therefore, should be investigated, and if foe
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cystitis the symptoms are of longer duration and usually less acute. In these
cases of bacterial infection, the mucosa of the bladder is injected and reddened,
and in very acute cases the entire bladder mucosa is edematons and resembles
red velvet, with shreds of fibrinous evudate, The urine containg plenty of pus
colls and, accordwg ta the acuteness of the eystitis, from a few to many red
bload cells. The colon bhacillus iv the most common causative organism,

Given a patient with the symptoms of bladder irritation, it is important to find

out whether they are due to infection or to a bladder lesion, or possibly to both.
The first diaguostic step, in both seves, 15 to search for a urcthral discharge and
if such is found, smears of it are tahen for Gram stain, and for culture for
the gonococcus and the “L” bacillus. If there is no urethral discharge, or if
the Gram-stained smear does not indicate gonococeal infection, the second part
of a clean vorded speaimen in the male, or a sterile catheter specimen in the
female, is taken for urinalysis —and especially for examination of the sediment
—and also for culture. In the male, the first and second parts of the voided
urine are collected in separate glasses or hottles for the two glass test as pre-
viously described (see p. 311). After this cystoscopy, mcluding the estimation of
any residual urme, 15 done. From the culture and the cystoscopy, the presence or
absence of infection, or of a lesion, or of both can be determined. Since this
article is concerned only with the treatment of infections, the treatment of any
lesions found, e g., carainoma, will not be touched upon.

Suffice it to say that any stasis, such as that due to prostatic obstruction or
to a large dnerbiculum of the bladder, and also any lesion, as a stone or a
carcinoma, will prevent the eradication of any infection which might be present,
and tl'lerefore must be elimated before there 1s hope of curing that infection.
Also if infection 15 present, the upper urinary tract must be investigated by
means of mtravenous urography and, if necessary, by cystoscopy with catheteri-
zation of the ureters and collection of urine from each kidney for analysis and
culture, and retrograde p)’elqgrnms Obviously no amount of therapy will clear
up the bladder urine of a patient who has a calculous pyonephrosis. If the upper
mmabry tr:}ct is norm:ﬂ', while the .bl.j«dder is reddencd and the urine contains
pus but gives a negative culture, it is suggestive of an “L” bactllus infection
fmd“;hm}:ha specmfl 1cultu(;e ;hould be dun-e. If the bladder contains small ulcers
an ]: rather painful, and the urine contains both pus cells and red blood cells,
yet the routine cultures are negative, tuberculosis must be thought of, and the
upper unnary tract investigated, and urines taken for tuberculosis culture o

for “guinea-pigging.” v
In cystitis .due .to nontuberculous bacterial infection, the infecting bacteria
having been identified, are combated with drugs and antibiotics secording to th X
principles described earlier. As previously stated, the eolon baall g. °
orgamsm most commonly found. I eystitis i n bacllus is the
. In acute cystitis in women } 1 i
Ry N 7 hot saline vaginal
often give able symptomat B!
ymptomatic relief, as do hot Sitz baths in the
case of men. As an agent to make the bladd,
has a hugh regard for ~Donmatals Ty adder more comfortable, the author

s . Atal.” Ahis proprietary medicme contains hyoscy-

amine, atropine, and hyoscine as well as % grain (15 mg.) of nyoscy.
tablet, and the author has found that one tabl, &) of phemobarbital per
e tablet four times per day is definitely

hi itate dde e T
soothing to writated bladders. In acute cystitis, especially if there is fever, the
y: 4 >
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cytes when evamined under the microscope Staphylococci, streptococei, or
colon bacilli are the orgamisms commonly found on culture. Sometimes this
prostatic infection gives 1se to arthritis or to ocular lesions as iritis, which
disappear after it has been eradicated. These may “flare up” and become tem-
poranily worse after prostatic massages, especrally following the first one or
two

The present treatment of chronic nonspecific prostatitis seldom effects a cure
rapudly and deaistvely, but instead usually moves rather slowly toward a cure
which 15 not always absolutely complete, as evidenced by a common history of
1ecurrences The main feature of this treatment 15 regular prostatic massage at
mtervals of from five to seven days, 1 order to promote drainage by expressing
prostatic secretion. This can be frequently exammned under the microscope for
1ts pus content, and cultured as indicated A normal secretion should contain not
over a dozen lenkocytes per “mgh dry” field of the fresh wet secretion on a
glass shde under a cover shp. Frequently the number of leukocytes cannot be
reduced to an absolutely noimal figure, but by treatment they can be greatly
dimmished to nearly normal The passage of sounds, istillations, and irngations
are frequently also used, especually if there 15 an d chrome nonspecifi
urethntis The sulfonamide drugs have been disappomnting in nonspecific prosta-
titis The disease is usually so mild that few patients have been hospitahzed
and given large doses of antibiotics regularly over the course of several days
to a week However, luge doses of pemallin thus admmstered should give
mmprovement, if the mfection 1s due to staphylococer or streptocoees, and strepto-
mycin should help 1f the infection 15 due to colon bacilh. The direct wjection
of 100,000 umts of penicillin in & cc of saline into each of the two lateral lobes
by a long needle diwectly through the permeum has produced encouraging
results m a small sertes of cases with which the writer 1s acquainted, Sometimes
the prostatis cannot be eradicated until a primary focus m the teeth, tonsils,
etc, has been removed, and a “focus hunt” should always be done in any case
which is refractory to treatment or which recurs after 1t has been apparently
cured

CYSTITIS

The symptoms of frequent, urgent, and uncomfortable urination indicate an
abnormally wrntated condition of the bladder The bladder irntation producing
the symptoms may be due to a lesion such as carcinoma of the bladder, prostatic
obstruction, the so-called Hunner ulcer in women, or to some other bladder
pathology, and 15 frequently not associated with any infection of the bladder,
1n which case 1t may or may not be acute On the other hand, the frritafton may
be produced by bactertal infection of the bladder —a true inflammatory cystitis
_ and it also frequently 1s due to a combmation of  bladder lesion with bacteral
infection of the bladder This bactenal mfection may have “descended” from
one or both kidneys, 1t may have “ascended” from the urethra or prostate, or
it may have been aceidentally introduced by nstrumentation, such as catheter1-
zation or cystoscopy In acute inflammatory cystitis the onset is rapid, and the

symptoms acute and often accompanied by malaise and fever, whereas in chronic
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measured by the excretion of phenolsulphonphithalein and of dye used for
intravenous urography, By the time several months have clapsed after the
conclusion of the pregnancy, the dilatation of the renal pelves and ureters has
practically disappeared, unless some other pathologic condition interferes.

The etiology and routes of infection in pyclonephritis of pregnancy are the
same as those already described for acute pyclonephuitis in the nonpregnant.
In addition there are other possible ctiologic factors, such as constipation which
is almost always present in pregnancy. There are those who believe that some-
times bacteria may by some mechanism get from the bowel into the urinary
tract, and that this tendency is increased by constipation. The writer is inclined
to doubt this, but it may be so. Another possible accessory ctialogic factor is the
severe ancmia which sometimes occurs in pregnancy and which undoubtedly
lowers resistance, Frequently the tecth are in poor condition in pregnancy, and
dental sepsis is common and may act as a focus of infection.

The clinical incidence of pyelonephritis in pregnancy is 1 to 3 per cent
according to various observers. The colon bacillus is the commonest invader
found, with the staphylococens the next most common. The maternal mortality
rate is low. The few deaths that do oceur from pyelonephritis in pregnancy are
usually in women who have become depleted by a long fllness, and who have
had no relief from their kidney infection either by the proper treatment or
through termination of their pregnancy. In such cases it is frequently found
that the Jong iliness has been due to some complicating factor in the urinary
tract, such as an ebstructing stone or an infected hydronephrasis, which was
not diagnosed and therefore not treated. Children born at term are perfectly
normal, even though their mothers have had acute pyelonephritis during the
prcgn:\ncy

The effect of ptcgnancy on any pre-existing infection of the upper urinary
tract is to mcrease it and cause a recurrence of the acute process, and those
patients who have chronic pyelonephritis, possibly from a previous pyelonephritis
of pregnancy, will probably have an acute exacerbation during pregnancy, unless
effective countermeasures are taken. The kidneys of these people sh;w the
pathologic picture of a combination of the lesions of acute and chronie pyel
Pl‘{“is with in’ﬂammf\mry scarring and diminution of the lumen of the n?t’crigﬁ’es‘
;I'lus processi if canhnue.d, eventually leads to renal insufficiency and someﬁme;

o hypertension. Insufficiency and hypertension are especially apt to develop if,
in addition to the chronic pyelonephritis, toxemia of pre ng’n-cp st e\Ie op i,
cases the prognosis for a long life is not good. € ¥ evists. In such

Although mn general the signs and symptoms of acute pyelonephritis in
pregnancy are the same as i the nonpregnant state, neverthel 1

a tendency to be less definite and therefore le Iy Qe s they have
. ss easily diagnosed. Furth

the pregnant woman is frequently bothered by abd y Chen 1 hermore

plamnts due to distention from the enlargin utey ¥ l?rr}:mn] discomfort and com-

due to nfection of the winary iractgareg - r;:'s: wit] ﬂ'le result that symptoms
complaints or for acute appendicit imes mistaken for these other
appendicitis, pneumonia, or pleurisy. H

same methods and cniteria desenbed and used peurisy. However, the

of acute pyelonephntis not assoeated il m establishing the diagnosis

pregnancy —a careful history and
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patient should be quict and should take plenty of flwds. With the proper therapy,
acute cystitis is usually much better in two days. However, the medicine should
be continued longer, as already mentioned under the treatment of infections,
n order that the bacterial eradication shall be complete and that, there will be
no recurrences, In the case of a bladder lesion, e g, carcinoma, which cannot
be eradicated, accompamted by an infection, 1t 1s reasonable to try to reduce
this infection to a minimum with the proper drugs in order to decreasc the
irritation and make the patient more comfortable. However, under these cir-
cumstances, it will probably be impossible to eradicate the infection completely.

PYELONEPHRITIS OF PREGNANCY

The pyclonephritis occurning durmg pregnancy seems worthy of special
discussion because tts course 15 modified by the stasis engendered m the upper
urinary tract by the pregnant state In pregnancy 1t 1s normal for the hidnecy
pelves and the ureters to become dilated above the brim of the bony pelvis
The dilatation is definitely more marked m primiparas than m multiparas, and
makes its appearance between the fourth and sixth month mn primiparas, but
from the seventh month to the end of pregnancy in multiparas.

Formerly it was felt that the pressure from the enlarging uterus was the sole
cause of this dilatation However, 1t 1s now considered that, while this plays
a definite part, an equally important rdle in producing this dilatation is played
by the hormones present in pregnancy, which act to diminish the tone of the
smooth muscle and ncrease the capacity of the urnary tract

In this connection the experimental work of van Wagenen and Jenkins 15 of
interest Working with a senes of pregnant rhesus monkeys, whose period of
gestation 15 six lunar months, they found that a few of their monkeys did not
develop dilatation of the ureters and lidney pelves durmg pregnancy, as
revealed by mtravenous urography, but that the majonty of them did In those
showing dilatation, abdominal hysterotomy was performed, the fetus bemng
removed, but the placenta not bemg removed or mjured. This was done at
times varymg from the third to the fifth month, and the placenta was not
expelled for a period of from 15 to 90 days thereafter The dilatation of the
urinary tract was observed by means of repeated intravenous urography until
some time after the placenta had been expelled It was found not only that the
removal of the fetus and the consequent shrimkage m the size of the uterus
had no effect on the dilatation of the ureters and kidney pelvis, but also that
the dilatation persisted — and 1n some cases increased — until after the placenta
had been expelled, when 1t soon returned to normal This 1s strong evidence
that hormones present i pregnancy play just as important a role i producing
dilatation of the upper unnary tract as does direct pressure from the enlarging
uterus.

1t has been observed m patients by Crabtree and Prather and others that
when infection occurs the degree of dilatation of the ureters and lidney pelves
is definitely increased over that normally found m association with pregnancy.
The renal function of severely infected kidneys is defimtely dimmished as
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measured by the exeretion of phenolsulphonphthalein and of dye used for
intravenous urography. By the time several months have clapsed after the
conclusion of the pregnancy, the dilatation of the renal pcl}cs m‘ld urcters has
practically disappeared, nnless some other pnthnlogic- condition interferes.

The ctiology and routes of infection in pyclonephritis of pregnancy are the
same as those already described for acute pyclonephritis in the nonpregnant,
In addition there are other possible etiologic factors, such as constipation which
is almost always present in pregnancy, There are those who believe that some-
times bacteria may by some mechanism get from the bowel into the urinary
tract, and that this tendency is increased by constipation. The writer is inclined
to doubt this, but it may be so. Another possible accessory ctiologic factor is the
severe anemia which sometimes oceurs in pregnancy and which undoubtedly
Towers resistance. Frequently the teeth are in poor condition in pregnancy, and
dental sepsis is common amnd may act as a focus of infection.

The clinical incidence of pyelonephritis in pregnancy is 1 to 3 per cent
according to sarious observers. The colon bacillus is the commonest invader
found, with the staphylococcns the next most common. The maternal mortality
rate is low. The few deaths that do occur from pyelonephritis in pregnaney are
usually in women who have become dcpk‘\cd by a long illness, and who have
had no relicf from their kidney infection cither by the proper treatment or
through termination of their pregnancy. In such cases it is frequently found
that the Jong illness has heen due to some complicating factor in the urinary
tract, such as an obstructing stone or an infected hydronephrosis, which was
not diagnosed and therefore not treated. Children born at term are perfectly
normal, even though their mothers have had acute pyelonephritis during the
prcgnnncy.

The effect of pregnancy on any pre-evisting infection of the upper urinary
tract is to increase it and cause a recurrence of the acute process, and those
patients who have chronic pyclonepliitis, possibly from a previous pyelonephritis
of pregnancy, will probably hiave an acute exacerbation during pregnancy, unless
effective countermeasures are taken. The Kidneys of these people show the
pathologic picture of a combination of the lesions of acute and chronic pyelone-
phritis with inflammatory scarring and diminution of the Jumen of the arterioles.
This process, 1f continued, eventually Teads to renal insufficiency and sometimes
to hypel"tension. Insufficiency and hypertension are especially apt to develop if,
in addition to the chronic pyelonephritis, toxemia of pregnancy eists. In such
cases the prognosis for a long life is not good.

Although m general the signs
pregnancy are the same as in the
a tendency to be less definite
the pregnant woman is freque

and symptoms of acute pyelonephritis in
nonpregnant state, nevertheless they have
and therefore less easily diagnosed Furthermore
Dlaints e to disteon ntly bolln?red by abdominal discomfort and com-
4 olo ention frm:n the enlarging uterus, with the result that symptoms
ue "10‘]“ ection of the urinary tract arc sometimes mistaken for these other
:::g i::‘!;:im(z]r fordacute ‘:\ppendicitis, pneumonia, or pleurisy. However, the
e Is and enteria descr.lbed and used in establishmg the diagnosis

acute pyelonephritis not associated with pregnancy —a careful history and
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physncnl examination, urinalysis and urme smear, and urine culture and intra-
venous urography if avalable —will lead to the correct diagnosis of the same
disease when associated with pregnancy.

“An ounce of prevention 1s worth a pound of cure,” and the pregnant patient
should be put on a regimen to reduce the liability to pyelonephritis The single
most important prophylactic measure 1s to have ber drnk a dozen glasses of
flad cvery day to msure a good flow of urine and thus combat any tendency
to urmary stasis In addition, great care should be taken to keep the bowels
open and regular Regular dental care, a hberal diet with especial reference
to blood-bwilding factors, and plenty of rest are all important in maintaning
a good general condition and resistance to wmfection At each visit to the obste-
trician, a freshly voided specimen of urne should be examined, and if there
is any doubt as to the presence of mfection, a sterile catheter specimen should
be obtamed for sediment and culture, If an mfection is discovered early
pregnancy before dilatation of the urmary tract has appeared, 1t 1s much more
easily cured then than later, Also, if an mfection 15 recogmzed early m any
stage of pregnancy, even if it 1s not possible to eradicate 1t completely until
after delivery, by proper therapy 1t can be prevented from ever becoming acute
and giving cltmcal symptoms The exact medication to be given depends upon
the bacteria present, and has been described earlier However, once the infection
has been reduced to a mmimum, 1t should be held there by a small but constant
dose of a mild urmary antiseptic, such as one tablet of “mandelamme” four
tumes per day, for the duration of the pregnancy

If acute pyelonephritis develops during preg y. the tr dicated
1s the same as that for any acute pyelonephutis, with additional features on
account of the dilatation of the ureters and kidney pehes The patient is gnen
much fluid orally or mtravenously, alkahes, and the drug appropriate to the
mfecting orgamsm, exactly as described eailier under the treatment of acute
pyelonephritis In addition, she 1s put to bed, lying prone with only one pillow
and no headrest, and kept there until she has been free of fever and symptoms
for several days The prone positon 1s mmportant because i the upnght or
sittng position the already impeded renal dramnage 1s further embarrassed by
the descent of the kidneys Also some beleve that it 1s well to lie much of the
time on the side opposite the mfection, so that the uterus will tend to fall
away and thus lessen any pressure on the ureter at the pelvic brim With the
powerful unnary bactenicidal agents available nowadays the above treatment
usually suffices to bring about a cure or at least a marked impiovement in a
few days Formerly, however, the fever often did not come down even after sev-
eral days, pam in the affected kidney continued unabated, and the patient was
very sick Under these aircumstances, she was cystoscoped and a good-sized me-
teral catheter mtroduced into the pelvis of the mvolved hidney, wiieh was then
lavaged thoroughly with saline or 1 per cent silver nitrate solution or potassium
permanganate solution As soon as the catheter “decompressed” the pelvs, the
pain disappeared, and the temperature and the pulse fell toward normal. Some-
times the catheter was left m for constant drainage, but more often 1t was
removed, to be reinserted again 1f patn mn the Jadney and fever returned Usually
this was not necessary, but frequently 1t was done two or three times Occa-
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sionally this procedure is still done, ;lllhoug‘h such a necessity is rare nowadays.
Although spontaneous abortion sometimes oceurs at the height of an acute
febrile attack due to urinary infection, cystoscopy and ureteral eatheterization
do not cause miscarriages.

The therapeutic interruption of pregnancy on account of pyeloncphritis used
to be limited 1o those fow extremely acnte and fulminating cases which resisted
all usual forms of treatment, and where it appeared to he necessary in order
to save the mother's life. However, since the serious end results of many cases
of chronic pyclonephritis have been recognized, the indications for this pro-
cedure have been broadened to include cases in which there has been such
severe renal damage from an uncured chronic pyelonephritis that it would be
dangerous to the mother's life or longewity to allow the pregnancy to go to
term. Other indications for this are pycloncphntis with acute exacerbations or
becommg bilateral and severe, where tovemia appears in addition to acute
pyelonephntis, or where, in the presence of acute pyclonephritis, there is
evidence of renal failure or of rapid failure in general health,

If, after a few days of adequate therapy —foreed fluids, alkalinization, the
proper drug for the attaching bacteria, and rest prone in bed—the patient is not
Detter, it is well to suspect that some factor, such as a caleulus blocking the
ureter, is preventing the treatment from bemng effective. H it has vot already
been done, a plain abdominal x-ray followed by intravenous wrography is
mdicated. This will probably reveal the pathology, but if not further urologic
investigation must be carned out. Rarely nephrectomy is necessary, as in the
case of an acute pyonephrosis.

Since the dilated ureters may not recede to normal size for several months,
it is even more important than in the pyclonephritis in the nonpregnant first to
give the patient a thorough therapeutic attack with the proper drugs, followed
by a milder urinary antiseptic for several months. The wniter favors one tablet
of “mandelamine” four times per day. When the urine has become clear, it is
well to wait at least two weeks before giving any medicine, and then to have a
urine culture 1If t'his is negative, 1t should be repeated again in a month to make
f}e:rmn. that t]he infection has really gone. These .prcc:\ulmns are taken because

he e‘;: much to .mdxcnh,- that the pyclm.xephr.itls of pregnancy, if not cured,
y become a serious, recurrent, progressive disease with dire consequences.

OTHER URINARY ANTISEPTICS

I . . .
n addition to the agents already mentioned which act as potent antibacteral

urinary antiseptics, there are a n i i
3 a number ofl X i
which will now be described: of ether exeellent iy antieptic

SuLronaMIDE Drucs

Sulfanilamide and sulfapyridine
into disuse on account of jts tend.
rashes, coryza, “drug fever,” etc.

Stulfadiezine The use of sulfadiazine,

are no longer used, and sulfathiazole is falling
ency to give sensitivity reactions such as skin

which 1s quite effective against colon



350 MONOGRAPHS ON SURGERY

bacilli, and to some extent against aerobacter and the staphylococci, has already
been described.

Sulfacetimide. Sulfacetimide, an acetylated sulfanilamide, which the writer
Iikes Jess than sulfadiazine, is a popular urinary antiseptic. It is rapidly eliminated
by the kidneys in good concentration in the urine in which it is readtly soluble,
whether the unne is acid or alkaline. It is quite effective against colon bacilh
Although not usually toxic, occasionally it gives rise to malaise and cyanosis,
but seldom to anemia, and 1t is for these reasons that the author does not like
it as well as sulfadiazine to which toxic reactions are rare. The usual dose is 1
gm. four times a day

Sulfathaladine Sulfathaladine ( phthalylsulfathiazole) when given orally almost
sterilizes the bowel of colon bacilli and, therefore, is widely used in intestinal
surgery as a prophylaxis against accidental infection Its todiaity is low. It is
poorly absorbed from the ntestinal tract regardless of dosage, and therefore
does not attain more than a low concentration in the blood and the urne
Nevertheless, it is effective against colon bacillus mfections of the urinary tract,
sometimes succeeding where other sulfa drugs such as sulfadiazine have faled
The usual dose is 1 or 2 gm four times a day The acidity or alkalinity of the
urine is not felt to be of importance. Sulfathaladine is not usually considered
effective against other organisms 1 the urinary tract than colon bacilli.

Stlfasuzidine. Sulf: d like sulfathalad is a form of sulfathiazole

i Ifathiazole) and also bl ulfathalad m that 1t 15 poorly
absorbed from the intestinal tract and attans only a low concentration in the
urine Although it is chiefly employed to sterilize the ntestinal tract at the time
of bowel surgery, 1t has occasionally been used as a urinary antiseptic agamst
infections with the colon bacillus Recently Crowley and O’Connor have
reported success n eradicating stubborn colon bacillus infections of long

tanding by the 1 use of sulf: dine and streptomycin in a series
of cases which had not yielded to treatment with streptomycm alone or with
other drugs alone One gram of streptomycin a day was gven for five days.
Sulfasuxidine, I gm four times a day, was given some days before, during, and
for several months following the admunistration of the antibiotic The urine
culture usually became negatine at the conclusion of the streptomycin admuis-
tration, and never became positive agam There were no important touc reactions
on taking 3 or 4 gm. of sulfasuxidine per day for a period of several months
Crowley and O'Connor were certam that the simultaneous administration of the
two agents was the reason for the success in these chronie stubborn cases,
although they were unable to explain the mechanism They wondered if a
transfer of colon baailli from the bowel into the urmary tract might not somehow
take place, and if so, whether the favorable cffect might not be due to sulfasuvi-
dine’s greatly decreasmg the number of colon baailli m the howel avalable for
this transfer This might then permit the natural mmunity of the mdividual
to complete the eradication of the infection (The wnter doubts this explanation
for these successful results, but admits he has no better one }

Combined Sulfonamide Therapy (Sulfa-Combination) Before the prevention
of massive crystalluria duning the admimstration of sulfadiazine by forced fluds
and alkalinization was generally adopted, serious complications were not
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infrequently cansed by extensive precipitation of crystals of the acetylated drug
in the urcters, kidney peles, or even the renal tubules, the last being usually
fatal, Since these complications were ohviously dependent on the solubility, or
insolubulity, of the sulla drug i the urine, ways of fncreasing the solubility were
studied. Tt was found that, if two or three different sulfonamides are present
simultaneously in wrine, cach retains its own solubility uninfluenced by the
presence of the other. Thus a saturated urinary solution of sulfathiazole can still
be fully saturated with sulfadizine and also with sulfamerazine, each compound
behaving as though it were present alone and exerting no influence on the
solubilitics of the others, However, the situation is different as regards the
antihacterial action of these mivtures, as they show a cumulative, additive
highly antihacterial effect roughly equal to the total sum of all the sulfonamide
drugs present Thus a mnture composed of half dosages of sulfadiazine and of
sulfamerazine is more soluble and gives definitely less erystal formation than
cither drug admimstered alone m the same total dosage, but nevertheless gives
an antibacterial effect roughly equal to the total dosage of all the sulfonamide
drugs present.

As regards the development of sensitivity, if sensitization to one of the drugs
in a mivture develops, it is almost always accompanied by sensitization to the
other. From this point of view it would probably be preferable to use a misture
of sulfadiazine and sulfamerazine rather than one of sulfadiazine and sulfathia-
zole, owing to the greater tendency of sulfathiazole to evoke sensitivity. Since,
with forced fluids and alkalinization, crystalluria 1s no longer a problem when
administering sulfadiazine, the wnter has never used these mixtures of sulfa
drugs. However, he can imagine patients with cardiac insufficiency and edema
m whom th.e forcing of fluids and the use of alkalies, particularly those con-
tmmng sodium, such as sodium bicarbonate or sodwum citrate, would be
undesirable. Therefore, in m!mi.mstermg sulfa therapy to such patients, a misture
Zlflc(l:;)iisczqua‘ parts of sulfadinzine and sulfamerazine might well be the treatment

“ManpELAMINE”

“Mandelamine,” the brand name of the chemi

3 2 2 mical compound methenami
mandelate, f(?rmed through the union of mandelic acid anl:] methenamine, h"]\(s:
been used with considerable success agamnst 2 fairly wide v: Yo

ide arjety of i i
caused by colon bacilli, staphylococci, and streptococer. Hoy 'evm{ :]m):(gefrtllfﬂe:f

tions, infections with Acrobacter aerogenes or the proteus bacillus and oth

urea-sphitting infections are apt to be resistant, but occnsiom‘]l ar af" : of !:;r
affected“ Carrol and Allen have used it with success in cases of s‘o-g’ﬂ}e(; i:‘ rora,
pyuna. “Mandelamine” is not classified a5 a “strong” drug as eacl A( b‘l abacterial
only slightly more than 01 gm. each of delic acid an;} . ,c}.‘ " e.t contain
no toxic effects, and therefore can be given for periods of v mf;{ . Tt has
without having the patient under supervision. For this reu"ec 5 Or ey

adapted for use after a patient has gone home,
3

“follow-up” the stronger drugs given m the hospital
last vestiges of postoperative KNidney or bladder i‘
cystitis, or following transurethral prostatic resection

en months
son, it is particularly
as a urinary antiseptic to
1 in order to eradicate the
nfection, postcatheterization
The usual schedule is three
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tablets (which do not have to be dissolved) four times a day—after each meal
and at bed time—for two weeks or a month If success has not then been achieved,
it may be repeated for another month The intake of fluids should not go above
2500 cc. per 24 hours, which 1s no restriction 1n most cases, and the pH of the
urine should be tested three times daily. Usually the action of the drug itself
keeps the urine acid, but should the pH stay consistently above pH 55, a urinary
acidifier, such as 1 gm four trmes a day of either ammonium chloride or acid
sodium phosphate, 15 indicated The author has the highest regard for “mandela-
mne,” and sometimes 1ts admimstration for a month or more has proved effica-
cious where more powerful drugs have failed. However, mn such ctreumstances,
undoubtedly the elapse of time allowed for healing of the tissues has often
played an mmportant part m getting rid of the mfection,

HeXAMETHYLENAMINE ( METHENAMINE U S P —“UroTrorPIN”)}

This 15 one of the oldest of the unnary antiseptics Its bacterieidal action is
due to the liberation of formaldehyde 1 acid urine. The urine must be definitely
acid, with a pH not above 50, in order to liberate the formaldehyde Ammonium
chloride 15 effective 1 producing this unnary acidity, unless a urea-splitting
infection 15 present, while sodium acid phosphate 1s somewhat less effective
Because 1t 15 a less potent urmary antiseptic than lelic actd, the sulft i
drugs, the antibiotics, etc, methenamme has fallen mto disuse which 1s not
entirely deserved It 1s most useful as a prophylaxis against infection, to prevent
exacerbations of infections, or for use postoperatively where the tissues have
not yet healed completely and mfection 1s still present, and where a mild non-
towte drug 1s desired which the patient can take at home for weeks at a time
without the need of medical supervision, as m the case of the sulfonamides
To be effective in any given case, 1t must be possible for the urme to be made
acd It 15 used agamst both bacilli and cocci, and occasionally succeeds m
eventually eradicating the infection after more potent agents such as streptomycin
have faled It 15 extremely untating to gastric uleers, and must not be given
in such cases The usual dose 15 7% to 10 grams (0.5 to 06 gm ) four tumes a
day It comes in the form of tablets which should be dissolved i a glass of
water, Ammonum chloride, 7% grains (05 gm. [preferably enteric-coated])
1s given four hmes a day with each dose of meth The
chloride does not have to be dissolved In place of ammomum chloride—although
1t 1s not as effective—acid sodium phosphate 10 grains (06 gm ) four times a
day 1s sometimes given.

Hexylresorcmol (“caprokol”) 1s another mild uninary antiseptic which 1s also
supposed to be calming to irntated mucous membranes To use 1t most effectively,
it 1s necessary to reduce the flurd intake to 1000 cc or lower, which is undesirable
1n any acute infection of the uninary tract The dose is 03 to 06 gm , i capsules,
three times a day.

“Pynidium” (“Serenium”~“Mallophenc”) is a pyridine compound which 1s
stated to have a defimte soothing effect on mflamed mucous membranes,
although it 1s doubtful if 1t has any value as a wrinary antiseptic The dose is
two tablets which do not have to be dissolved, three times per day. It gives the
urine an intense orange color.
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WILLIAM WALLACE SCOTT, M.D,, PH.D.

INTRODUCTION

N L LAST few years numerous laboratory technics have bccn.incﬂrpomtcd
| into the urologic armamentarium, The material presented here is an attempt
to vecord in brief fashion the use and evaluation of some of thescv andCl’f]
laboratosy techmes in the diagnosis and treatment of certain urologic condi-
tions. It is not intended to record in detail speafic laboratory procedures but
rather, whenever feasible, to make reference to standard laboratory texts and
articles m the recent literature Arbitrarily these laboratory technics have been
separated into two broad dwisions, chemical and physical. With such broad
dwision, omssion is abvious and overlapping to be expected. In the handling of
this matenal an effort has been made to present these newer views jn proper
proportion and to be neither affensively elementary nor bewilderingly advanced.

CHEMICAL LABORATORY TECHNICS

Tue ENpOCRINES

Time and space do not permit an elaborate review of the chemical advances
made in the isolation of gonadal, pituitary, and adrenal hormanes. Primanly,
this phase will be discussed only as 1t relates to urolagy,

Androgens Hormones which have the property of stimulating the develop-
ment and maintenance of maseuline sex characteristics, includmg deepening
of the voice, enlargement of the eternal genitalia, as well as masculine dis.
tnibution of hafr, are known as androgens {from the Greek, meaning man-
mducing) The most potent androgen so far discovered 15 testosterone, crystal-
hzed from testis by David and others in 1935. Evidence indicates that this
compound is the major hormone of the testis, and that it is probably produced
by the interstitial cells of Leydig.

In addition to its linizi g action, test
androgens, has certamn general metabolie properti
many of the major components of the extracellula
gen, potassiam, phosphorus, sodium, and chloride,

Among many other androgens are androsterone an
the former thought to be derived metabolically fr
testosteronie, Of the androgenic steraids, however,
eg, testosterone propionate, are the most powerful
compound is marketed for parenteral administration

359

one, as well as certamn other
es ncluding the retention of
T compartment such as nitro-

d dehydroisonndrcsterone,
om the parent androgen,
the esters of testosterone,
and climeally useful. This
in tablet and pellet form
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and in sesame oil Methylation of testosterone results in a compound, methyl
testosterone, which has masculinizing effects when gwen by mouth, Brief
description of their use will be given below

Androgen Assay Methods. Unfortunately, there are no practical assay
methods avatlable for clmical estimation of blood androgens, although there is
promise of several for the future (sce below). Available methods afford
determmation of the amount of androgenic substance excreted and tell little of
the amount of androgen manufactured and made available. There does appear,
however, to be a fair correlabon between urinary lesels of androgen and
observed masculinity, eg., urnnary androgen levels of prepuberal boys are
much lower than those of healthy adult men,

Bio-assay of unnary androgens may be carried out m several ways. At
present, the most accurate 1s that described by Gallagher et al, m which the
urine 15 subjected to acid hydrolyss, extraction with a lipid solvent, separation
of androgens from estrogens, and determination of the amount of androgen by
companng with crystalline standards the amount of growth of the capon’s comb
resulting from application of the extract

Digression 1s necessary at this pomnt to clanfy thinking with regard to the
so-called urinary 17-ketosterords Certain sterords when allowed to react with
meta-dinitrobenzene i an alkaline medium (Zimmerman reaction) give rise
to a color which can be quantitatively measured mn a colormmeter. Several
of these steroids are active androgens, as determined by bio-assay, whereas
others are not Hence, determmation of urmary 17-ketosteroids is mot synon-
ymous with determnation of urmnary androgens, and 1s subject, therefore, to
even greater drawbacks m the determmation of male hormone deficiency
However, colormetric assay of urinary 17-ketosteroids has been of great value
m endocrinologic research and in the detection of adrenal pathology (see
below ) With the aid of the compound digitonin, urinary 17-ketosteroids can
be separated mto alpha and beta fractions, the latter group being precipitated
by digitomn Thus the alpha-ketosteroid, androsterone, can be separated from
the beta-ketosteroid, dehydroisoandrosterone Until recently beta 17-ketosteroids
were thought to anise solely fiom the adrenal This theory grew out of the finding
of large amounts of this steroid m the urine of patients with -adrenal cortical
cancer That this 15 not strctly so 1s evidenced by the finding of lowered amounts
of dehydrorsoandrosterone after castration

Because of inadequate methods, most endocrmologists beheve that the best
enterion of male hormone activity 1s the observed state of detvelopment of the
induiduals’ masculine secondary sex charactenistics which are dependent for
theirr imtiation and maintenance on androgens

Pittatary Relationshups There 1s clear-cut evidence for the dependence of the
testes on pituitary secretions Hormones having action on the testes and ovaries
arc known as gonadotropms At present, 1t 15 belicved that two pitwitary gonado-
tropins exist m the male, one stimulating the production of androgen, the other
stimulating the production of sperm, a situation somewhat analogous to that in
the female where on gonadotropw, luteimzing hormone (LH), stimulates the
development of the corpus luteum and another, fo]ll{:le-shmu]ahng hormone
(FSH}), stimulates the development of the ovaran follicle Presumably, in the
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male, pituitary LH stimulates the production of androgen and FSH the pro-
duction of sperm,

Removal of the pituitary leads to, among other results, atrophy of the testes
with imolution of the cells responsible for androgen and sperm production.
Removal hefore puberty, like castration, thus results in a failure in deselop-
ment of sccondary sex characteristics. Removal after puberty leads to less
striling changes. In general, in the adult deprivation of androgen, whether by
castration or hypophysectomy, rarely causes the voice to change back to its
Ligh prepuberal piteh or the phailus to atrophy, although body hair may lessen
and the prostate shrink 1 size. .

Removal of the testes in turn affects the pituitary. Briefly, anatomic changes
occur and castration cclls appear; functional changes oceur, bio-assay of the
gland revealng an increase in gonadotropin content of the pituitary itsclf
which 1s reflected i a higher urinary gonadotropin level.

Gonadotropin Assay. As in the case of androgens, we are dependent upon
bio-assay of urmary estracts to estimate gonadotropin  production. These
methods are relatively simple and, in general, consist of fractional precipita-
tion of the gonadotropic material from the urine and measurement of the
effect of this extract on the ovary and/or uterus of cither the intact immature,
or castrate adult, rat or mouse. Clinically, one such method (Klinefelter, ct al.)
has proved to be quite satisfactory in our hands. With this method, gonado-
tropic extracts of the urme of patients with pituitary insufficiency contain no
gonadotropins, those of prepuberal boys contun only small amounts, less than
6 mouse units per 24 hours, those of healthy adult males from 6 to 52 mouse
units, and those of castrates and patients with certain testicular tumors contain
very large amounts, 52 to several hundred units per 24 hours.

It is necessary before concluding this phase of the discussion to call atten-
tion to the existence of another gonadotropin (variously known as prolan,
AP L. substance, or chorjonic gonadotropm) obtained from the urine of preg-
nant women and i relatively large amounts from human placental tissue
Unlike the gonadotropms present in the urine of castrate men and women and
m the urme of women after the.menop:\use — which appears to be identical, or
:::e:;l]y tseos,le:;ut‘lll ;S}r{m;); ﬂt]hem E:ﬁl:iryo: c}harmr;ic gnna(!otropin is incffective
importance to It)he urologist 15 !hey fact lgqlzopl:ys.ccn.)mlzed femal(.: mats. Of
in high concentration 1n the urine of men ("mdc e gonn({otropln Tppears
contammng chononic tissue, This observ'lt‘ Sromen) S““ermg from tumors
€ 3 s atton should be strongly considered
in testing the urme of males with different types of testicul

Estrogens. Hormones which have the property of shmulaﬁng the develop-
ment and maintenance of female sex charactenistics, mcluding hypertropl lf
the uterus and proliferation of 1ts glands, vagmal changes, r{([;wtlr pfly 10
mammary glands, ete., are known as estrogens It 1s n()wg ’;n!é 11 ‘bn]~ the
that alpha-estradiol is the true estrogenic hormo: I geperly beliored

5 me  Isolated by MacC -
dale et al from a sow’s ovartes, and by Doj i - 2y Mackorquo
pregnancy urine, this com, d v OISy.and his associates from Luman

s pound probably has its origin 1n the ovari

Unlike androgens, estrogens for ian follicle.
s th .
body growth, g ¢ most part exert no appreciable effects on

ar tumors
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Estrogenic substances have been obtamed from a wide vanety of sources
mcluding non-animal ones. Of great importance was the synthesis of diethylstil-
bestrol by Dodds et al 1n 1938 This synthetic compound exhibits an estrogenic
potency several times that of estrone and 1s highly effective orally.

Estrogen Assay Methods As with androgens, no practical method is avail-
able for estrogens in blood and one must resort to the determination of estro-
genic activity of urmary extracts for an estimate of estrogen production.
Prelminary extraction of urme 1s simlar to that for androgens evcept that
more vigorous prelummnary hydrolysis is necessary and that benzene extraction
is more effective than extrachon with certamn other lipid solvents After separa-
tion 1nto a phenolic fraction with alkals, bio-assay can be done in a number of
ways. Some laboratories use the vaginal smear technic to determine estrus;
others use the weight of the immature mouse uterus as an indicator of estro-
genic activity In our laboratory the latter method has proved satisfactory. We
use, without modification, the method of Evans, Varney, and Koch in which the
mcrease in uterine werght of 21-day-old mice caused by dilutions of a unmary
extract are compared with a standard uterme weight-dosage curve made
simultaneously with crystallme estrone. Results are expressed in terms of units,
a unit of estrogemc activity havmg been defined by the Commission on Bio-
logical Standardization of the League of Nations as the activity of 0.1 micro-
gram of crystalline estrone Activity ratios for other estrogens have also been
determined (Evans, Varney, and Koch)

Adrenal Hormones Review of the chemustry and physiology of the more
than 20 crystalline steroids isolated from the adrenal cortex will not be
attempted Numerous observations, however, pont to a functional association
between the adrenal cortex and the gonads In fact, many consider the adrenal
cortex as the extragonadal source of androgens, particularly i the castrate.
Both androgens and estrogens can be extracted from the adrenal cortey, and
the urine of castrate males and females 15 found to contamn both androgens and
estrogens, though m reduced amounts. Of immediate climical mterest to the
urologist 1s the excretion of certamn steroids in high concentration in patients
with adrenal hyperplasia or tumor Ths phase, as well as the laboratory
diagnosis of epinephrine-praducing tumors of the adrenal medulla {pheo-
chromocytomas), 1s considered in the next section.

CLINICAL CONSIDERATION OF THE SEX ENDOCRINES

HYPOGONADISM

Chincally, g of hypogonad (male hormone deficiency) is
unmistakable under two circumstances (1) in the eunuch (castrate) where
the testes are absent as the result of surgical removal, trauma, or congenital
absence, (2) i males well beyond puberty who fail to develop masculine
secondary sex charactenshies in spite of the presence of testes m the scrotum.
In this latter group, and mn others where one may suspect androgen deficiency,
Iaboratory determmation of urmary androgens, 17-ketosteroids, amnd gan‘?du-
tropins may be of md m establishing the diagnosis. By and large, one might
expect to find considerable lowering of urinary androgens and 17-ketosterords
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with a high titer of urinary gonadotropins. Urinary gonadotropins might, how-
ever, be normal or low if androgen deficiency is secondary to pituitary failure.

It is in this group of patients, the truc hypogonads, that androgens are
pmpcrly used Gouadotropins, dependent on the capacity of the testes to
secrete androgen, ate useless in the case of the castrate or the severe eunuchoid
whose testes are not responsive (Heckel), Androgens can be administered by
the injection of an oil solution, by pellet implantation, and by mouth. The
dosage required depends largely on the degree of androgen deficiency, the
route of administration, and the androgen used. Twenty to 23 mg. of testos-
terone propionate in oil injected intramuscularly daily are adequate replace-
ment for the most severe deficiency. Pellet impl jon of this drug is more
ec fcal, requires replace t only at long intervals, and gives more even
stimulation Testosterone propionate when given by mouth produces only
shight clinical benefit. Methyl testosterone, when given in doses three to four
times greater by weight than one  propi given intr Ty,
induces somewhat comparable masculinizing effects (Hamilton),

The effects of androgen administration in the true hypogonad are both
striking and gratfying. They consist primarily in development of masculine
secondary sex characteristics. In the prepuberal castrate, administration of
androgen leads to the development of a mature voice, the growth of hair with
male distrnibution, growth of the genitalia with the exception of the testes, the
ability to have an erection, and growth and secrction of the prostate and
seminal vesicles Varying degrees of response are seen in the less severe
hypogonad states whether prepuberal or postpuberal.

Tie Mare CLIMACTERIC

Of recent years a great deal has been written about the decline of testicular
function in the male past 50 years of age. It has been likened to the climacteric
period of women (Werner). A multiplicity of symptoms has been assigned
to this syndrome including nervous symptoms manifested by anviety, depres-
sion, memory loss, headache, and lack of concentration; circulatory symptoms
manifested by hot flushes, perspiration, palpitation, and vertigo; general symp-
toms of the nature of malaise with loss of drive and vitality, ,Such s lon’xs
are said to be relieved by the administration of the male sex hormom-z’m P

Unfortunately, there are few objective tests which will indicate w]{e(]xer or
n}?t the above symptoms are due to testicular deRci . In this tion
there are a few reports of an increased excretion of urina & ins in
ttheﬁa%mg male This is contrary to the experience of the wrriytef,oilv;io::f ’fl:ssﬂv:g
0 find an increase 1n urma onadotropins i i
castrated surgically. Furth?m%ore, 1 hng:snler:'é?eoagmg e who lis mot been

bserved true hot flushes and
profuse perspiration 1n the aging male who has not been castrated surgically,

Since the advent of surgical castration §
5 a 2 on in the i
tatic cancer, there has been am y Coomet of metastatic pros-

ple opportunity to observe the effects

: of

;‘T}?:s“luzi l:he te(;tes in the male past 50 years of age. In this group, true hot

e e ‘:u::; mu:naly ;gona;lot;opins increase, unassociated for the most
- > memory loss, lack of itati i

loss of drive (Scott and Vermeulen). coneentration, palpitation, vertiger and
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By and large, the syndrome of the male climacteric has not bet
as a clinical entity, nor has the administration of male sex horme
m a disappearance of the above symptoms (Vest and Barelare). Fir
basis of avalable expernimental evidence, estrogens will do a greal
than androgens in the relief of the hot flushes of the castrate and in t
of urnary gonadotropms In this regard the observations of How
mterest. He observed that effecttve prtuitary mlubitton in the hume
obtaed with much smaller amounts of estrogen than of androgen.
in 2 castrate male 1 mg of diethylstlbestrol every two days was
the control of hot flushes and caused a drop in urinary gonadot:
above 96 to less than 6 mouse units per day; 50 mg, of testosterone
every two days was not effective m reducing gonadotrapws to 52
per day, the upper limt of the normal range.

IMPOTENCE

Impotence 15 a lughly wdwvidual problem and often complex, T
may affect erection, orgasm, or ejaculation, 1t may be purely symy
may appear as a leadng personality difficulty. It may be secondary
urologic disease, male hormone defictency, interference with nerve
or 1t may he primarily the result of psychologic difficulties In de:
gently with the problem, the status o all these fields must b
accurately. By tar the greatest number of patients seehing medical
mnpotence s found to have no orgame disease, but to have clear-cut
problems. To such patients, admimstration of androgen is valueles:
its failure to improve the conditton renders the patient refractory
chutrist’s help It 15 the general impression among endocrmologists
androgen deficiency ewsts, there is Iittle chance that any sexual
will result from androgen therapy, at least m doses which will ¢
produce such effects in patients with demonstrated male hormone
Impotence of neurologic ongin, as m tabes or after prostatic ope
shown no mnprovement under androgenic therapy. Impotency may
symptom in such conditions as myxedema and diabetes mellitus. 1
toration of Mbido and potentia follows shortly after correction of
metabolic state

CRYPTORCIIDISM

Carl Moore first demonstrated that the serotum functions as a “lo
regulator” which effectinely reduces the temperature of the testes a
protects thewr spermatogeric function Testes which faill to des
histologic evidence of deg tion of the ferous tubules aft
For this reason efforts are made to bring the testes into the scroi
have consisted of medical and surgical procedures

After the classic demonstration by Earl Engle that gonadotro
cause premature descent of the testes of young monkeys numero
tions apye::re.d md.!:cating (}uf Ehe)‘/ would also cause descent in In
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showing descent after treatment with gonadotropins varies from 18 to ncnrl'y
100 per cent, Thompson and Heckel, reporting descent in 20 per cent of i'hclr
cases of cryptnrchi(liwn in all age groups, belicve that higher values obtained
by others result from the inclusion for treatment of cases of migratory and
retracted types. They further point out that they were consistently unable to
cause descent in most cases of true cryptorchidism. Pool, Cook, and Kepler were
unable to induce descent with gonadotropins in any case in which the testis
was retamed within the abdomen or lay outside the normal pathway between
the inguinal canal and scratum,

The writer believes that the percentage of cases successfully treated with
gonadotropins before puberty closely approxi the p of cases in
which spontaneous descent occurs at puberty. For this reason, the recommen-
dation is made that these children have an opportunity for spontaneous
descent to occur, and 1f this fails, to cause descent by surgery. This view is
further strengthened by reports of damage to the undescended testis following
the ad tration of gonadotropins, this damage taking the form of extreme
reduction 1n testicular weight as well as histologic changes in tubular structure.

Mavrr INFERTILITY

Of recent years more and mare attention has been facused on the subject of

male infertilty. Any attempt at an understanding of the mechanisms involved
must rest on a firm foundati

of experi The exper: tal literature
is replete with evidence indicating that in all classes of vertebrates functional
gonads are dependent upon pituitary secretion, and that gonadal defects second-
ary to hypophysectomy can be corrected by the administration of pituitary ex-
tracts There 1s evidence to indicate that gonadal defects resulting from vitamin B
deficiency as well as inanition are secondary to alterations in pituitary activity
(Masen and Wolf). :

Largely as the result of the availabihity of crystalline androgens, attempts have
been made to determine whether gonadal defects secondary to hypophysectomy
could be corrected by admumistration of these testicular principles, Walsh, Cuyler,
and McCullagh found that if androgen was given immediately after pituimr}z
removal in the rat, testicular involution would not oceur. Others {Nelson; Nelson
and Gallagher) have confirmed this result and have extended their observations
to show that the ability of a steroid to counteract the effects of hypophysectom:
on germinal epithelium is not related to the androgenic strength of the subsmncey
A weak androgen such as dehydroisoandrosterone was found to be more effective
m this regard than testosterone (Papamicolaou and Marshall). Progesterone
would also correct hypophysectomy changes (Selye and Friedman).

Perhaps because androgens can prevent the gonadal effects of hypophysectomy

if given early, their effect on spermatic function 1n the mtact ammal was tested
In the rat, Moore and Morgan noted a curious inver: ’ .
dosage and mhibitory effect. Under identical condi
daily for 20 days cansed a 60
histologic damage, and com,

se relationship between

) tions, 0 05 mg of testosterone

: tper cent weight reduction in the testes, severe
! plete cessation of spermatogenesis, whereas 10

3 2 mg,

g;“lsy (]210dt1mes as much) was without appreciable effect The inhibitory effeft

mall dosages was reversible in that normal weights were established some
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time after stopping the drug. They found the adult rat testis to be little affected
by androgen

The effect of on the sper geme function of the normal adult
human testis has not been sufficiently studied for comparison with experimental
studies on the rat In general, it appears to be more readily depressed. For the
most part, the effects of androgen on spermatic function in humans has been
confined to patients su[fermg from a reductmn in sperm count. Heckel found
that the sper to t propi of patients with
oligospermia was xrreguhr “Further reduction in sperms was usual although
increases were noted When smaller doses of testosterane were given to patients
with oligospermua, Rubmnstein and Kurland noted increases in sperm counts.
Much more information 15 necessary before we can assign to testosterone either
an inhibitory or stunalating action of spermatic function Seemingly great im-
portance rests on the age of the patient, the size of the dose of androgen, and
the state of the pituitary. Unfortunately, few studies of the urmary gonadotroping
have been made m the oligospermic patient, Such a study might lead to the
finding of a depression of pituitary function in these cases,

Numerous eunuchoid males have received androgens m the treatment of their
gonadal deficiency with httle evidence of testicular growth and with no effect
on the production of sperm The one exception m this latter regard is the report
of Vest and Howard who noted the appearance of sperm in the ejaculate of a
hypogonad male after the ad ion of This is not a common
finding

The results of gonadotropic admuustration in the ohgospermic patient are
equally equnocal Enthusiasm for this form of treatment has defimtely waned
Recently, a few reports have become avadable which indicate depression of
spermatogenic function with estrogen admunistration McDonald, advocatng
estrogen n the treatment of hemospermia —a condition characterized by the
presence of blood m the ejaculate — reported a reduction by two-thirds in the
sperm count of hemospermic patients with normal pre-treatment values During
treatment. the number of abuormal and le forms was § d fivefold.
Following tion of estrogen ad ration, there was a prompt increase to
normal in number, form, and mohhty.

At best the treatment of the nfertile male 15 difficult. Any evaluation in sus-
pected cases ot sterihity should include complete study of both members of the
stenle couple Evaluation of the male should include the taking of a careful
history with empbasis on previous gemital mfec(xons and injuries, any dietary
deficiencies, exposuse to rrad; ete. a pl ination of the patient
with special emphasis on the genital apparatus, a semen examination mcludmg
determination of the enzyme, hyaluromdase, and often a testicular biopsy. For

detailed accounts of the methods of semen analysis, interpretation of (cstxcuhr
biopsy, etc., the reader is referred to Pr hings of the Conference on Diag
wn Sterility, edited by Engle, and to the writings of Hotchkiss,

At present, treatment should consist of correction of infections of the genital
tract, dietary deficienci and, if possibl 1 of obstructions to the passage
of sperm The state of our anv}edge of the role played by pituitary and gunadal

hormones in sper 8! is not 1y q to permit
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tion of the use of these harmones in the treatment of the sterile nml.c. This does
not preclude the probability that endocrine substances will be useful in the future.

TesticuLan Tunsons

Largely as the result of the excellent work of Friedman and Moore, the classifi-
cation of testicular tumors has been greatly dlarified. The reader s urged to con-
sult their treatise on Trumors of the Testis which represents a detailed report of
some 922 cases “collected at the Army Institute of Pathology Letween October
1940, when selective serviee began, and May 1946." 1t is unfortunate that in such
a splendid seres circumstances would not permit study of urinary hormoncs.
Determmation of urinary gonadal hormones would have done much to clarify
this phase of laboratory diagnosis.

Much has been written concerning the amount of gonadotropic material ex-
creted in the urine of patients with different types of testicular tumor but little
regarding the distinct type of gonadotropin. It should be recalled that distinet
types of gonadotropins exist. There 1s considerable agreement that chorionic
gonadotropin, found in high titer in the urme of patients with chorionepithcliomas
and m the urme of pregnant women, is entirely luteinizing and is ineffective on
hypophysectomized female rats Iowever, authors continue to speak of the
extremely hugh titer of prolan A in the urine of patients with chorionepitheliomas,
as 1t had always been used previously to refer to the follicle-stimulating hormone.
For the sake of scientific advance, 1t is urged that attempts be made to deter-
mme the type of gonadotropic hormone excreted in the urine of patients with
different types of testicular tumor as well as levels for urinary androgens, estro-
gens, and 17-ketosteroids. For methods of determining gonadotropins and gonadal
hormones, the reader 1s referred to the article of Gustavson and D’Amour.

Generally speaking, studies of vartous investigators using the Aschheim-Zondek
or Friedman tests for gonadotropins (which measure chorionic or Iuteinizing
gonadotropin} ind that gonadotropins increase in rough proportion to the
embryonal character of the tumor, Chorionepithehomas are associated with high
titers, teratomas with adult features with moderate to low titers, and seminomas
with low titers.

It 15 frequently stated that 1n addition to its diagnostic value, the Aschheim-
Zondek test is of importance in judging the efficiency of treatment, Although this
15 often true, frequently false information is given. For example, if after removal
of the pumary tumor, roentgen therapy is given, the Temaining testis may be
damaged and {'esult n a subsequent rise i urinary gonadotropin. This could be
due to castration effect with rise in urinary folllclc-stimulating hormone or to
metastasis with production of chornionic or luteinizing hormone,
MAppmvumately 1 p.ex; cent of the testicular tumors studied by Friedman and
! ooﬂret wtm;e n:t?sh‘tlm cgll m type. Such tumors produce androgen, and it is
;:g g‘oﬂn!; do(t)r;puini]. he urinary hormones of these patients, especially androgens

Finally, because of renewed interest 1 th
testis, 1t is advisable that all testic:
be studied from the standpoints
urinary hormones ( Berthrong et al.)

e site of estrogen production in the
ular tumors associated with fermmnizi
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time after stopping the drug They found the adult rat testis to be Lttle =Zared
by undrogen.

The effect of testosterone on the spermatogenic function of the normal 2324
human testis has not been sufficiently studied for comparison with experimert:
tudies on the rat In general, it appears to be more readily depressed. For ths
most past, the effects of androgen on spermatic function in humans bas bee
confined to patients sufferng from a reduction in sperm count, Heclel formd
tat the spermalagense 1esponse to testosterone propionate of patients with
oliwospenmia was arregular Forther reduction in sperms was usual althouth
mateases were noled, When smaller doses of testosterone were given to patiests
with obgasponua Rubmstem and Kurland noted mcreases in sperm counts.
Much mare wformation s necessary before we can assign to testosterone either
an mbhubitory o stiulating action of spermatic function. Seemingly great im-
portance testy on the age of the patient, the size of the dose of androgen, and
the state of the pitwitary Unfortunately, few studies of the urmary gonadotropins
have been mnde m the obgospermic patient. Such a study might lead to the
finding of & depression of pitustary function in these cases.

Numerous eunuchoid males have received androgens in the treatment of thew
gonadal deficiency with little evidence of testicular growth and with no effect
n the production of sperm, The one exception in this Jatter regard is the report
of Vest and Howard who noted the appearance of sperm in the ejaculate of 2
Iy pogonad male after the administiation of testosterone. This is not a common
finding.

The resalts of gonadotiopic administration in the oligospermic patient are
equally equivocal. Enthusiasm for this form of treatment has definitely waved
Recently. a few reports have become available which indicate depr’essmn of
spermatogenic function with  estrogen administration  McDonald, adsocating
estrogen in the treatment of hemospermia —a condition characterized by the
presenee of blood in the cfaculate — reported a reduction by two-thirds n the
spermy count of hemospermic patients with normal pre~tream'lent values. Dunng
treatmeat. the number of abronnal and nopmotile forms was increased fivefold-

Following cessation of estrogen administration, there was 3 prompt increase t0
normal i nwmber, fonm, and motility.

At best the treatment of the infertile male is difficult. Any evaluation in s05-
‘x-ctf\{ cases of sterility should include complete study oi both members of the
n}*nlo m\.lp!c. Evaluation of the male shonld in.c]nd-e the taking of a carefol
hxsl\\i:\' \\‘ﬂh emphasis an previons genital infections and in'uri:S- any dietsy
deficlencies, exposure to irradiation. ete, a mmp!e!e.evaminajﬁon of the patient
with (}wx’l emphasis on the genital apparatus. a <em‘en exarnination includind
d(-:vfmm.\hm\ of the enzyme, hyaturonidasa, Snd k;ften a {ecﬁwhr biopsy- For
detatfed accounts of the methods of semen anabesis, inm-pr;ution of testicubxr

}:io;\w:w ele. lhf reader is referred to Proceadings of the Confereace on Diagoss
i1 Sterility, edited by Engle, and to the wiitinge of Hotchkiss, ]

Al present, treatment shonld consist of comrection of infections of the genitd
e, dictary defictentien. and i possble, removal of ebeactions to the e
of sperm. The state of our knowledre of the nﬂ; “\:;,g ;“hﬁ?f - ond gomod!
hormones I spermatozenesis s not seficdently ;g;;'nzx; :’Clr:\g':i-\lauxz;hﬂaﬂ‘

< = 29 g
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tion of the use of these hormones in the treatment of the sterile male. This does
not preclude the probability that endocrine substances will be useful in the futare.

TrsticuLar Tuntons

Largely as the result of the evcellent work of Fricdman and Moore, the classifi-
cation of testicular tumors has heen greatly clarified. The reader is urged to con-
sult their treatise on Temors of the Testis which represents a detailed repart of
some 922 cases “collected at the Army Institute of Pathology between October
1940, when selective service began, and May 19146." It is unfortunate that in such
a splendid series circumstances would not permit study of urinary liormones.
Determination of urinary gonadal hormones would have done much to clarify
this phase of laboratory diagnosis.

Much has been written concerming the amount of gonadotropic material ex-
creted m the urine of patients with different types of testicular tumor but little
regarding the distinct type of gonadotropin, It should be recalled that distinct
types of gonadotropins exist. There is considerable agreement that cherionic
gonadotropin, found in high titer in the urine of patients with chorienepitheliomas
and in the urine of pregnant women, is entirely luteinizing and is incffective on
liypophysectomized female rats. Iloweser, authors continue to speak of the
extremely high titer of prolan A in the urine of patients with chorionepitheliomas,
as it had always been used previously to refer to the follicle-stimulating hormone.
For the sake of scientific advance, it is urged that attempts be made to deter-
mine the type of gonadotropic hormoue excreted in the urine of patients with
different types of testicular tumor as well as levels for urinary androgens, estro-
gens, and 17-ketosteroids. For methods of determining gonadotropins and gonadal
hormones, the reader is referred to the article of Gustavson and D'Amour.

Generally speaking, studies of vartous investigators using the Aschheim-Zondek
or Friedman tests for gonadotropins (which measure chorionic or luteinizing
gonadotropin) indi that gonadotropins increase in rough proportion to the
c.mbryonal character of the tumor. Chorionepithcliomas are associated with high
titers, teratomas with adult features with moderate to low titers, and seminomas
with low titers.

It 1s frequ'ently stated that. in addition to its diagnostic value, the Aschhieim-
iZ::gZ],\, !;itexsf:: 1‘x:;g<t>lrtafr:§§exrlxnjfz(rlgxnlg the cﬂ.iciency of treatmcn}. Ald\ougl\ this
of the prlm;ry ?umor yroen(gen t}::amn }S gl";en' Flm C‘mm[.)l(.e, it nft(:r removal
damaged and result i\; a subsequent D i iy e laoing fostis may be

r A quent rise I urinary gonadotropin, This could be
due to castration effect with nse in urinary follic]e—s(imulming hormone or to
ular tumors studied by Friedman and

Moore were interstitial cefll in type. Such tumors produce androgen, and it is

tmportant ta study the urinary hormones of these patients, especiall, a d

and gonadotropins, » ey androgens

. Fmallx, becguse of renewed interest in the site of estragen production in th

be:hi, 1; 1sd nfdvxsnb:le that gll testrcular tumors associated with feminizmg ch'mg;;
studied from the standpoints of their § i o

oty T (Berthiong ot o). ertoli cell content and their lovels of
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time after stopping the drug. They found the adult rat testis to be little affected
by androgen.

The effect of testosterone on the spermatogenic function of the normal adult
human testis has not been sufficiently studied for comparison with experimental
studies on the rat. In general, it appears to be more readily depressed For the
most part, the effects of androgen on spermatic function in humans has been
confined to patients suffering from a reduction in sperm count. Heckel found
that the spermatogenic response to testosterone propionate of patients with
oligospermia was wregular Further reduction in sperms was usual although
mereases were noted When smaller doses of testosterone were given to patients
with oligospermia, Rubinstemn and Kurland noted increases in sperm counts
Much more mformation 1s necessary before we can assign to testosterone either
an inhibitory or stimulating action of spermatic function. Seemingly great im-
portance rests on the age of the patient, the size of the dose of androgen, and
the state of the prtuitary. Unfortunately, few studies of the urnary gonadotropins
have been made in the oligospermic patient, Such a study might lead to the
finding of a depression of pituitary function in these cases

Numerous evnuchoid males have received androgens in the treatment of their
gonadal defictency with little evidence of testicular growth and with no effect
on the production of sperm. The one exception in this latter regard is the report
of Vest and Howard who noted the appearance of sperm in the ejaculate of a

hypogonad male after the ad ation of one. This 1s not a common
finding.
The results of gonadotropic admimstration in the oligospermic patient are

equally equivocal, Enthusiasm for this form of treatment has definitely waned
Recently, a few reports have become available which indicate depression of
spermatogenic function with estrogen administration. McDonald, advocating
estrogen 1n the treatment of hemospermia —a condition charactenzed by the
presence of blood in the ejaculate — reported a reduction by two-thirds in the
sperm count of hemospermic patients with normal pre-treatment values, During
treatment, the number of abnermal and nonmotile forms was ncreased fivefold.
Followmg cessation of estrogen admmistration, there was a prompt increase to
normal in number, form, and motility.

At best the treatment of the infertile male is difficult. Any evaluation in sus-
pected cases of sterility should include complete study of both members of the
sterile couple. Evaluation of the male should include the taking of a careful
history with emphasis on previous genital infections and injuries, any dietary
deficiencies, exposure to irradiation, ete., a complete examination of the patient
with special emphasis on the genital apparatus, a semen examination including
determination of the enzyme, hyaluronidase, and often a testicular biopsy. For
detailed accounts of the methods of semen analysis, interpretation of testicular
biopsy, etc., the reader is referred to Proccedings of the Conference on Dwagnosis
in Stenlity, edited by Engle, and to the writings of Hotchlass,

At present, treatment should consist of correction of infections of the genital
tract, dietary deficiencies, and, if possible, removal of obstructions to the passage
of sperm The state of our knowledge of the role played by pituitary and gonadal
hormones in spermatogenesis is not sufficiently adeq to permit 1
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accompanied by the claracteristic symptoms of a typical spontancous attack.”
Ins 1917, Cadhins and Howard stated: “Qur experiences with the use of the Roth-
Kale test coincides closely with theirs, In onr patiets the injection of histamine
produced an abrupt rise in blood pressure which dwarfed that which accom-
panicd the cold pressar test, The drug seemingly induced episodes which were
in all respects identical with spontancous attacks. The test appears to hae a
twafold value: fisst, as a method of praducing attacks at will for stndy, and,
second, a5 an indication of the presence of pheochromocytoma. Conversely, so
far as knowu, 1o pheochromocy tomata have heen found in patients in whom the
test was negative,”

The introduction af 1 <econd test by Goldenberg, Snyder, and Aranow (1947)
appears to be of equal, if not greater, significance than the histamine test in the
diagnosis of pheochromocytomas, This test is based on the “adrenolytic” action
(inhibition of response to cpinephrine) of derivatives of benzodiovane. Speeafi-
cally, such drugs as piperidylmethyl benzodiovane (933F), first investigated by
Fourncau and Bovet, inlubit the blood pressure response of circulating epine-
phrine (injected or produced by pheochromocytoma); whereas in patients with
essential hypertension, this drug has a predominantly pressor effect. Goldenberg
and assaciates first established the value of this test in the diagnosis of 4 cases
of pheochromocytoma, Their study included performance of the test on 2§
patients with hypertensive disease, 14 normals, 14 normals with transient, epine-
phrine-induced hiypertension, as well as the 4 patients with tumor, Recent unpub-
lished data from the Medical and Urological Services of the Johns 1lopkins
Hospital confirm the importance of this test.

Horstoxar, Trersry or Prosraric Caxcen

It is almost nine years since Huggins and his associates introduced the hormo-
nal treatment of metastatic prostatic cancer. The rationale for treatment of this
(lisgmsc by castration or estrogen administration rests on hasic prostatic physiologs
which indicates a dependence of the adult prostate gland on androgen ‘prmh;;—
fion and the belief that prostatic cancer is an overgrowth of ndf;lt prostatic
epithelinm,

A wealth of evidence exists for the belief that prostatic growth is regulated by

the hormane of the testis. Castrati
. Castration removes this hormone. > i
avalable for the belie e o

f that estrogen in il = ize”
¢ proper doses will “neutralize” the effects
Zf i::}t:;l]rligen‘. 'II)'he (};e]xef that prostatic cancer is an overgrowth of adult prostatic
cgamcm? ::f ased on the fact that prostatic cancer epithelium retains the “adult
normal adult prostatic epithelium in producing the enzyme, acid

hosphatase, E, itheli
o C:I'II:“:;SIS; mbryonal epithelium does not possess this characteristic,

the effect of castrati fon i ing i
pationt it stration or estregen admumstration is striking in the
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oy B, e 5 xf\e(\]vmgh( ?nd strength have all been seen.
o preseft , d'v.?n 3 Ir} hxf most recent communication,
to pitaen © n mon'of his original group of 21 patients cas-
ek of i cancer, Five were alive. Four showed no clinical

e disease. The period of survival was over five years.
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EstnyaTion oF URINARY 17-KLTOSTEROIDS IN THE
DracNosts oF ADRENAL CORTICAL TUMORS

The physiologic sigmficance of the unnary 17-hetosteraids is a problem which
15 still far from being solved It is the belief of certan investigators (including
the writer) that the greater portion of the 17-ketosteroids excreted in the urime
comes from the adrenal cortey, and that i the male the remaining, smaller por-
tion 15 derived from the gonads. The evidence for these conclusions has been
obtaned from studies on castrate males and females, normal males and females,
patients with Addison’s disease, patients with adrenal cortical tumors or adrenal
hyperplasia, males and females receiving hormone therapy, and patients with
mterstitial cell testicular tumors.

Generally speaklng, the average value for adult men is 14 mg. 17-ketosteroid
per 24 homs Adult females excrete 9 mg. per 24 hours Many workers fecl that
the difference of 5 mg 1n the two scxes represents the amount produced by the
testes Further evidence in support of this concept is the markedly dimimshed
excretion of urinary 17-ketosteroids in the female with Addison’s disease. Often
zero values are obtained. Males with Addison’s disease excrete distintly higher
amounts indicating testicular contribution to the total level of urmary 17-
ketosteroids.

Perhaps the greatest clincal significance attached to the determination of the
urinary sterowds 15 in the diagnosis of adrenal cortical cancer and adrenal hyper-
plasia In this connection the reader 1s referred to the works of Crooke and Cal-
Iow, Warren, and Johnson In general, these authors have found increased eere-
tion of urmary 17-ketosteroids in both adrenal cortical cancer and adrenal hyper-
plasia Values for adrenal cortical cancer were found frequently to be consider-
ably higher than for adrenal hyperplasia. In the cancer group i the majonty of
cases, the predommmant steroid was the beta-k oid, dehydroisoandrosterone

In 1945 the wnter studied the urinary steroids in a male, age 42 years, who
had a proved adrenal cortical cancer iated with feminizing signs, including
enlaigement of the breasts and sudden loss of libido Prior to removal of the
tumor, this man’s urine contained upward of 200 mg total 17-ketosteraids per
24 hours, 95 per cent of which was the beta-ketosteroid, dehydroisoandrosterone
Following operation the 17-ketosteroids fell precipitously to normal levels and
there was restoration of the normal ratio of alpha and beta-ketosteroids

Tests For TUMORS OF THE ADRENAL MEDULLA (Pm:ocxmonoc\"ro.\us)

In 1945 Roth and Kvale suggested the use of histamine as a tentative test m
the diagnosis of pheochromocytomas ( epinephrine-producing tumors arising from
chromaffin tissue, frequently adrenal medulla) These mvestigators compared the
blood pressure response and other clinical symptoms and signs following mtrave-
nous mjection of listamine with the effects produced by the cold pressor test in a
series of normal individuals, normal mdividuals who reacted hyperactively to the
cold pressor test, established hypertensives, and patients with proved pheochrom-
ocytomas They found that “mn the first three groups the blood pressure rose to a
level somewhat less (with listamine) than the elevation obtained by the cold
pressor test,” In the 8 patients with tumor, the blood pressure “rose approtimately
100 mm. more than the elevation obtained by the cold pressor test, and was
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introduced as objective evidence of the course of prostatic cancer followin‘g
treatment by castration or estrogen administration. Frequently, in mctastatic
prostatic cancer, serum alkaline phosphatase is clevated. Unfortunately, in occa-
sional cases of mctastatic prostatic cancer, serum acid phosphatase is normal and
the test fails as a diagnostic guide, There are, however, no false positives, i.c.,
serum acid phosphatase is not elevated except in disseminated prostatic cancer.

Serum alkaline phosphatase, in addition to being clevated in prostatic cancer
metastatic to bone, is frequently elevated in obstructive jaundice and diseases of
bone associated with excessive osteoblastic activity, such as Paget’s discase,
nichets, osteoblastic sarcoma, and osteoblastic metastases to bone from carcinoma
of the lung and breast.

TESTS OF RENAL FUNCTION

Duning the past two decades, renal physiologists have emphasi ed the jmpor-

tance of determining the individual functional capacity of the glomerular and
tubular elements of the hidney. It is now possible to measure nccumtcly glomeru-
lar filtration rates as well as rates of tubular excretion or reabsorption. These
measurements have been made possible by the introduction of “clearance” tests,
“clearance” having been defined as the quantity of blood cleared of a particular
substance by the kidney per mmute, The clearance method, introduced by Austin,
Stllman, and Van Slyke, employing urea as the test substance, has been extended
to include many other substances. Inulin clearance, introduced by Homer Smith,
has largely superseded urea clearance as a means of measuring glomerular filtra-
tion rates. Inulin offers the advantage of being freely filtrable by the glomerular
membrane, of not heing metabalized, of forming no combination with the plasma
proteins, and in being neither reabsorbed nor excreted by the renal tubules. Be-
cause of these properties it affords an excellent means of measuring glomerular
filtrate rate. By comparison of inulm clearance with substances which have greater
clearances than it has (creatinme, diodrast, phenclsu]phonphthnlein), tubular
excretron can be measured, or if substances which have lesser clearances than
inulm are nsed (glucose), tubular reabsorption can be measured. By means of
clearance methods (usually diodrast) it is also possible to measure the rate of
blood flow through active renal tissue, :
ihe tdy of T mechnism. of resel ovcrapon w0 applid to
subject Innumerable measurements(lnve elso“ba“ Plood flow in the normal
m an effort to determine whetl ot cen made dl‘sense, however,
whether or not the process predominantly involves
glomerular or tubular function, or whether the individual nephron (gl 1
and tubule) functions as a unit In this regard Fishb, P. « ,somem s
! gard Fishberg states: “I h
diversity of pathological processes which impli t " view of the
Yy i« 2 implicate the kidney, one might antici-
pn[tﬁe Fondnhons in \Vhlc].l only glomerular function is mmpaired (glomerular m-
sufficiency) and others in which tubular function is depressed (tubular insuf-

ficiency ). Actually, however, unc
- Ac . s ompheated glomeryla i i
occurs only in exceptional CerﬂmstalII’CES wE ular or tabular nsulfetency

Recently Goodwn, working in our laboratory,
of thiosulfate excretion (glomerulor function} a;l

made simultaneous comparison
d phenolsulfonphthalem (tubu-



0 MONOGRAPHS ON SURGERY

The subject of variation m response to castration or estrogen administration in
patient with metastatic prostatic cancer has been given considerable atten-
1. One postulate has been that the production of androgen by organs other
n the testes was responsible for the activity of prostatic cancer after castration
»strogen administration This possibility was investigated in a castrated patient
2 survived complete adrenalectomy for 116 days (Huggins and Scott) That
adrenal gland and testes produce body androgen was proved, but 1 spite
objective evidence that there was no body androgen, the prostatic cancer
gressed. New avenues of approach must be followed.

D AND ALKALINE PHOSPHATASES
« description of the serum phosphatases is presented only as it relates to the
erential diagnosis of urologic disease.
‘hosphatases are enzymes capable of sphtting the phosphate jon from orgame
uxs of phosphoric acid, Inorganic phosphates are unaffected Although there
numerous phosphatases present i body tissues, at present only two serum
ssphatases are of clmical interest. These separate enzymes are known as “acid”
| “alkaline” phosphatases, because they have their optimum activity in titro
weid and alkaline pH (approvmmately 50 and 90, respectively).
ikaline phosphatase was first discovered 1n mtestinal mucosa and kidney and
1 in growing bone, cartilage, serum, and elsewhere. Acid phosphatase, dts-
ered some 20 years later, was first found in the spleen and kidney and later in
prostate and serum
"hese phosphatases are readily determined quantitatively m serum and tissue
chemical means and therr location rendered visible by a histochemical method.
» reader 1s referred to the works of Bodansky, King and Armstrong, Gutman
| Gutman, Huggins and Talalay, Bessey et al, and Hudson et al. for a detailed
cription of serum phosphatase determmations, and to Gomori for phosphatase
ning of tissues The King-Armstrong method, applied to both acid and ‘alka-
: phosphatase determination, 15 probably the most dependable one in general
today. It 1s a time-consuming technic, however, requiring multiple additions
| transfers, preciprtation and centrifugation of serum proteins, and two separate
ed reactions, Later methods have increased the rapidity and ease of deter-
wation, but difficulty has been encountered in maintaining the stability of the
anic phosphate used as substrate.
'hosphatase activity 15 expressed in units, the umts varying with the particulm
thod employed With the King-Armstrong method, considering the range of
ues reported by several laboratones, the normal range of serum acid phos-
\tase 1s from 3 0 to 10 0 untts, with values above 10 0 constdered abnormal and
gnostic The range of serum alkaline phosphatase for the normal adult 1s from
to 100 (average 8 0) unts, with values below 30 and above 13 0 considered
1ormal
“rom a urologic standpoint, the observations of the Gutmans are exceedingly
sortant These authors determined that i dissemmated prostatic cancer, the
1m acid phosphatase 15 elevated mn the majority of patients, and that a marked
: indicates an unfavorable prognosis. These abservations were confirmed and
ended by Huggins and his associates, and serum acid phosphatesn Tevele vweova



MODERN LABORATORY TECHNICS IN UROLOGY 37l

introduced as objective evidence of the course of prostatic cancer following
treatment by castration or estrogen administration, Frcqucnﬂy, in m?mstn\ic
prostatic cancer, serum alkaline phosphatase is elevated. Unfortunately, in occa-
sional cases of metastatic prostatic eancer, serum acid phosphatase is normal and
the test fails as a diagnostic guide. There are, however, no false positives, ic.,
serum acid phosphatase is not elevated exeept in disseminated prostatic cancer.

Scrum alkaline phosphatase, in addition to being clevated in prostatic cancer
metastatic to bone, is frequently elevated in obstructive jaundice and diseases of
bone associated with evcessive osteoblastic activity, such as Paget's discase,
rickets, osteablastic sarcoma, and osteoblastic metastases to bone from carcinoma
of the lung and breast.

TESTS OF RENAL FUNCTION

During the past two decades, renal physiologists have emphasized the impor-
tance of determining the individual functional capacity of the glomerular and
tubular elements of the Kidney. 1t 15 now possible to measure aceurately glomeru-
lar fltration rates as well as rates of tubular excretion or reabsorption. These
measurements have been made possible by the introduction of “clearance” tests,
“clearance” having been defined as the quantity of blood cleared of a particular
substance by the kidney per minute, The clearance method, introduced by Austin,
Stillman, and Van Slyke, employing urea as the test substance, has been extended
to include many other substances. Inuln clearance, mtroduced by Homer Smith,
has largely superseded urea clearance as 2 means of measuring glomerular filtra-
tion rates. Inulin offers the advantage of being freely filtrable by the glomerular
membrane, of not being metabolized, of forming no combination with the plasma
proteins, and in being neither reabsorbed nor excreted by the renal tubules. Be-
cause of these properties 1t affords an excellent means of measuring glomerular
filtrate rate. By companson of inulin clearance with substances which have greater
clearances than it has (creatinine, diodrast, phenolsulphonphthalein), tubular
excretion can be measured, or if substances which have lesser clearances than
mulin are used (glucose), tubular reabsorption can be measured. By means of
clearance methods (usually diodrast) it is also possible to measure the rate of
blood flow through active renal tissue.

‘hfosrmt(l;; :;ots}\wp:rlrrli ct]l::e mcnfsnremlcnts have been developed and applied to
subject. Innumerable megzllrllre(:nc:ﬁlsu]mli:‘ecr:llslgnba:r:l l’l‘z]"d‘ﬂ"(‘]": ca d“i “Om’ml
in an effort to determine whether or t‘ th oo ’(? vty involt oo
glomeralar ot oo 0 r]m e process pre ominantly involves
and tubale) ﬁmctw;] unction, or whether the lljdlvldlml nephrgn (slomerulus
diveraty of pations is als a umt, In thlsl reg.\r(} Flshherg. states: “In view of Shc
pate condi(igng o \gv}?fl]processcs which xmphca'te the kidney, one might antici-
ich only glomerular function 1s mmpaired (glomerular in-

which tubular function is depressed (tubular insuf-

Euf'ﬁcxency) and others in
o .
iency ). Ac.!u:nlly, however, uncomplicated glomerular or tubular insufficiency
oceurs only in exceptional eircumstances ”

Recently Goodwn, working in our laborato

, made sii 5
of thiosulfate excretio Ty, simultaneous comparison

n (glomerular function) and phenolsulfonphthalein (tubuy-
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The subject of vaniation in response to castration or estrogen administration in
the patient with metastatic prostatic cancer has been given considerable atten-
tion. One postulate has been that the production of androgen by organs other
than the testes was responsible for the activity of prostatic cancer after castration
or estrogen admunistration This possibility was investigated 1n a castrated patient
who survived complete adrenalectomy for 116 days (Huggns and Scott) That
the adrenal gland and testes produce body androgen was proved, but in spite
of objective evidence that there was no body androgen, the prostatic cancer
progressed. New avenues of approach must be followed.

ACID AND ALKALINE PIOSPHATASES

A description of the serum phosphatases is presented only as it relates to the
differential diagnosis of urologic disease.

Thosphatases are enzymes capable of sphittng the phosphate ion from organic
esters of phosphonc acid Inorganic phosphates are unaffected Although there
are numerous phosphatases present in body tissues, at present only two serum
phosphatases are of clinical mterest. These separate enzymes are known as “acid”
and “alkalme” phosphatases, because they have their optimum activity in vitro
at acid and alkaline pH (approuimately 50 and 90, respectively).

Alkaline phosphatase was first discovered in intestinal mucosa and kidney and
later i growing bone, cartilage, serum, and elsewhere. Actd phosphatase, dis-
covered some 20 years later, was first found in the spleen and kidney and later in
the prostate and serum.

These phosphatases are readily determined quantitatively in serum and tissue
by chemical means and their location rendered wisible by a histochemical method.
The reader 15 referred to the works of Bodansky, King and Armstrong, Gutman
and Gutman, Huggins and Talalay, Bessey et al,, and Hudson et al. for a detailed
description of serum phosphatase determinations, and to Gomori for phospliatase
staming of tissues. The King-Armstrong methed, applied to both acid and alka-
lime phosphatase determmation, 15 probably the most dependable one in general
use today It is a tume-consuming technic, however, requiring multiple additions
and transfers, precipitation and centrifugation of serum proteins, and two separate
timed reactions. Later methods have increased the rapidity and ease of deter-

but diffieulty has been ed in maintaining the stability of the
organic phosphate used as substrate.

Phosphatase actwvity 1s expressed in units, the units varying with the particular
method employed With the King-Armstrong method, considering the range of
values reported by several laboratories, the normal range of serum acid phos-
phatase is from 3 0 to 10 0 units, with values above 10.0 considered abnormal and
diagnostic. The range of serum alkaline phosphatase for the normal adult 15 from
5.0 ta 100 (average §0) umts, with values below 30 and above 130 considered
abnormal

From a urologic standpoint, the observations of the Gutmans are exceedingly
important These authors determined that in disseminated prostatic cancer, the
serum acid phosphatase is elevated in the majonty of patients, and that a marked
rise indicates an unfayvorable prognosis. These observations were confirmed and
extended by Huggins and his associates, and serum acid phosphatase levels were
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suspicious, and 8 clinically noncancerous; however, 2 of this latter group had
henign papillomas of the bladder.

From these data it can be concluded that although a high percentage of cor-
rect diagnoses is made by smear, a negative laboratory report docs not rule out
cancer. A suspicious smear indicates clinical cancer in about half of the cases
and is cause for etended clinical search for cancer, even if not immedmately
abvious clinically. False positive results occur but are reduced in number by
repeated study of smears,

In summary, the authors caution against the clinical application of this mcthod
until a large series has been studied by a trained pathologist and until com-
partson is made with clinical data and biopsy material. Furthermore, they point
out that the method is complementary, not supplementary. It appears that more
data are necessary before this method can be applied as an accurate sereening
method for cancer of the urinary tract.

THE DETECTION OF CANCER CELLS IN THE PROSTATIC FLUID

Hetbut and Lubin have applied the Papanicolaou technic to the detection of
cancer cells in expressed prostatic secretion. In a series of 100 patients, eytologic
diagnosis on smear was made 17 times, The diagnosis of cancer was confirmed
by histologic examination of tissue in 10 of these 17, in seven it was not, although
clinically suspected. In 2 cases of cancer of the-prostate (one histologically
evident, one climeally evident) smears were negative. In one case cancer was
diagnosed on smear and not suspected clinically. All other positne laboratory
diagnoses were made on smears from patients suspected clmically of having
cancer. Work continues in their laboratory, as well as m others, and should in
time provide sufficient data for accurate evaluation of this method.

UROLITHIASIS

In spite of a vast amount of chncal observation and research, the etwology of
unnary lithiasis remains unknown This writer cannot attempt even a brief rev iew
of erther the phase of clinical observation or experimental research but will eall
attention to papers which he considers fundamental in a study of the problem,
Furst of these 15 the magnificent study of Prien and Frondel on the com osih’ox;
of uninary calculi. These authors point out that for many valid reasons, “thg analy-
sis of urinary caleuli by chemical means 1s unsatisfactory,” and proceeé] to 'mai i,e
some 700 calcul: by modern physical technics, ncluding optical and x-ra ‘c s{ \:
lography. The results of their investigation showed that 67 1 per cent o{ ﬂf)’ al.
culi were pure calcim oxalate (36,1 per cent) or mixed calcimn omhte-:e Cl]t.
(310 per cent), 195 per cent were pure magnesium ammonium phos (1 t‘ KIJIJ @
hydrate, pure apatite and mived magnesium ammonium phosph'ﬁe hg‘(]:hed e:“j
61 per cent were unc acid {usually pure); 3.8 per cent were ‘cysh'ne‘ (i’xslrx:lle’
E:);e), 16 per celnt were calcium hydrogen phosphate dihydrate. The omi'ﬂi

o tes \{vere usually (but not always) found in sterile, acid urine, the h‘o -
phate stones were usually (but not always) found 1n infected, alk’a]me uprx'n:
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Jar funetion) in 17 patients varying from “normals” with no urinary tract damage
to those with severe renal dysfunction Comparable values of function were ob-
taned m all patients but one. This author concluded that the thiosulfate test
had no advantage over the phenolsulfonphthalein test, but that the latter pos-
sessed the great clieal advantage of simplicity, Recently, the accuracy of the
‘phthalem test has been increased hy insistence on proper hydration, complete
urme collection, and photoelectric color measurement (Scardino and Scott).

Primanily because of urologic custom and relative ease of determination, blood
nonprotein mtrogen levels are used as a measure of renal function It must be
1ecalled, however, that the nonpiotein nitrogen level of the blood begins to nse
only after great reduction 1n renal function as evidenced by clearance methods
When the blood nonprotein mtrogen 1s elevated, observation of its return to
normal 15 of great clinjeal value, but when normal, finer tests of function should
he made

By means of the mtravenous pyelogram considerable evidence of renal function
can be obtained at the same tune one determines the existence of pyelographic
evidence of disease processes of the urinary tract. By and Jarge, good concentra-
tion of an orgamc 10dide in five to 10 minutes after ntravenous injection, as
evidenced roentgenolagically, means good kidney function, Furthermore, estima-
tion by this means s applicable n cases wheie urine 1s difficult or impossible
to collect — as after ureterostgmordostomy

By onussion of a discussion of dilution and concentration tests, as well as
estirnation of cellular elements, the writer does not mean to minimize their clinical
umportance. For a discussion of these methods the reader is referred to standard
texts on laboratory methods

THE DETECTION OF CANCER CELLS IN THE URINE

In 1941 Papantcolaou and Traut demonstrated that uterine cancer cells conld
be recognized in vagmal and end ral smears Subsequently, Pap
and Marshall, Schmidlapp and Marshall, and Chate and Walhams mvestigated
the possibthty of diagnosing cancer of the unmary tract by histologic examiation
of stained smears of unnary sediment. The study by Schmidlapp and Marshall
of some 333 cases represents a continuation of the earlier study of Papanicolaou
and Marshall, aud 1 1t all smears were read by Papanicolaou Because of Papani-
colnow’s great expertence, this series probably remesents the best results in the
detection of cancer of the unnary tract obtained to date by this method. Com-
parison was made of Papanicolaou’s reports of microscopic smears, classed as
negative, suspictous, or posttive, with the clinical evidence for cancer, classed as
cancerous, suspicious, or noncancerous,

Of 198 paticnts showmg no cancer cells m the unine, 176 (83.8 per cent) were
clmically noncancerous, § (41 per cent) were suspected of havmg cancer clini-
cally), and 14 (7.1 per cent) were found to have cancer chnically Of 53 patients
showmng suspicious smears, 24 (453 per cent} were chnically cancerous, 8 were
chmenlly suspicious, and 23 clinically noncancerous. Of 82 patients showing
positive smears, 7L (86.5 per cent) were clincally 8 were chnicall
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tional 21 hours, If organisms continuing to grow in Brewer's cannot be isolated
by acrobic subculture and anaerobes are suspected, anacrobic subcultures are
made.

In the culture of the gonococeus and tubercle bacillus special media and
methods are required. We use cither Bacto-Proteose-Peptone #3 with supple-
ments or Peyzer's media in culturing the gonococeus and Petragnint's, Dubos’
and Corper’s glycerol-cgrg medza for the tuberele bacillus.

Followmy jsolation of the specific organism, sensitivity of thrs organism to
certain sulfonamides and antibioties 15 tested. Dilutions of the drug in sterile
trypticase soy broth are set up against the organism, If the organism is an anae-
robe, Brewer's thioglycollate media are used in place of the soy broth. In reporting
sensitivity, the tested orgamsm is said to be sensitive to or resistant to a stated
number of units of the drug.

The correlation between in gitro sensitivity and clinical action has not been
adequately worked out, many factors such as individual antibody reaction, drug
tissue level ete., complicating the picture. Varying opinion exists at present re-
garding the clnieal value of sensitivaty tests. Most bacteriologists, however, wish
to see frequent testing done with the hope that the clincian will assist in corre-
lating the in cifro and in tito response

PHYSICAL LABORATORY TECHNICS

Prnororurcruc Coronvrmny

Withm the past 15 years a new physical laboratory tool, the photoclectric
colorimeter, has been introduced mto the field of analytic chemistry as the result
of the development of the photocell or “electric eye.” In the modern clinical
laboratory the photoelectric instrument has replaced the visual instrument for
multiple reasons, mcluding (1) mcrease n accuracy of measurement by elimina-
tion of the subjective factor mherent m all visual comparative instruments; (‘;)
increase 1 range of measurements, particulnr]y accurate measurements ol
solutions upon which visual comparisons are impossible, (3} increase in th
of measurement, (4) elmination of standard solutions necessary with th
colonimeter Furthermore, m recent years almost all standard clinical 1,
determnations descnibed employ the photoelectric instrument for color
ments. These methods include many of special mterest to the
the determimations of nonprotem nitrogen (Folin and Wu),
lels (QSIE:Ldmo ahI:)lZS\ ?}cat:ltl, urinary 17-ketosteroids {Scott and Vermeulen), acid
an ne phosphatase (Kmg and Armstrong), hemoglobin (Mall
Evelyn), and many others, There are several yse Nalloy and

ful texts ayai
the subject of photoelectric colorimetry The writer L vailable a present on

ticularly good. as found Gebbs” work par-
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“Calcium carbonate, cholesterol, xanthine, and indigo were not found in a series
of approximately 700 caleuh.”

Such aceurate study throws great doubt on the reported composttion of urmary
stones determmned by stmple chemical means, and consequently the writer is
hesitant to recommend any simple scheme of analysis. However, for several years
we have used a combmation of two tests (Seifter and Trattner; Simmons and
Gentzkow)

Climcally, urinary stass, mfection, and gross nutritional deficiencies are recog-
nized as playing some role m the causation of urolithiasis. According to Albright
and Bloomberg, hyperparathyroid disease is a sufficiently frequent cause of renal
hthiasis for its presence to be investigated Such study should consist of measure-
ment of serum calcium and phosphorus, plasma protein estimation, and accurate
determmation of the caleim excreted. Although it is well known that urinary
calcul: are frequently found m association with hyperparathyroidism, as an etio-
logie factor, hyperparathyroidism 1s uncommon. Various estimates range from
0.2 to 0.8 per cent.

Since 1941 numerous articles have appeared imphcating eitric acid as a factor
m the formation of urinary stones composed of calctum salts (Kissin and Locks,
Scott, Huggins, and Sellman, Shorr et al.). It has been found that citrate binds
calcium 1ons forming a soluble, weally iomzed complex. This enables salts of
citric acid to dissolve stones and bone m the test tube Albright, Sulkowateh, and
Chute have taken practical advantage of this effect in the solution of urinary
caleul by lavage with buffered cttrate solutions,

Luttle of significance can be added to the above. Intensive research, primarily
from a physicochemical viewpomt, in the writer's opinion, is necessary if the
etiology of urolithiasis 1s to be determined.

BACTERIOLOGY

Though not strictly under the heading of chemical laboratory technics, brief
mention will be made of certain bacteniologic methods of relatively recent origin,
desigoed to replace the trial and error method of application of urinary anti-
septics to the treatment of bacterial infections of the kidney and urinary passages
These remarks are particularly applicable to the diagnosis and treatment of
urinary mmfections not associated with obstruction

Initial study should consist of determmation of the causative organism by
both aerobic and anaerobic culture and Gram’s stain, The reader 15 referred to
the text of Schaub and Foley for detalls. In general, the urine specimen, obtained
by a stenle technic, 15 centnifuged, the sediment streaked on blood agar and
desoxycholate plates, the remainder placed m a tube of Brewer’s thioglycollate
media, and all incubated overmght, If growth appears on the plates, cultural
characteristics are noted and if the organisms are the same as in Brewer’s medium,
the culture may be reported If not, those orgamsms on Brewer’s must be sub-
cultured 1n order to 1solate additional organisms, If the plates are negatve and
Brewer's media show growth, a smear and gram stain should be made to deter-
mme the type of organism and subeultured accordingly. If Brewer's media and
plates show no growth, plates are discarded, and Brewer's are held for an addi-
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urologic diagnosis the exact scicnce that it is. Improvements in roentgenography
continue to be made. In 1942, Morgan introduced his automatic x-ray timer
Dased on the earlier development of a photocell sensitive to x-rays. This, coupled
with the continuous moving grid, developed by P. C. Hodges and Morgan,
has made possible consistently uniform exposures and has eliminated the
neeessity of depth measurement, both of which improvements simplify the
technic. The devclopment of faster and better filin now penmits shorter exposure
with less radiation and greater detul. Of great interest in the future will be
the progress made in rapid deselopment of x-ray films (along the line introduced
by Land for ordiary photographic film), the Schmidt camera, already applied
by Morgan and his associates to the diagnosis of gastric lesions, and progiess
made in the intensification of the fluoroscopic screen. Space does not permit
discussion of the use of various contrast media in combination with roentgenog-
raphy in the diagnosis of urologic disease. Excellent treatment of the subjects
of intravenous and retrograde pyclography may be found in the work of Wesson
and Ruggles, of cysto-urcthrography in the work of Kerr and Gillies, of aorto-
graphy in the works of Dos Santos, Nelson, and Doss, of perirenal air insufflation
in the works of Carelli and Sordell, Quinby, Roome, and particularly Cahill, and
of angiography (in animals) in the work of Trueta and his associates. It appears
to the writer that the technics of aortography and perirenal insufflation of air
furnish a great deal of information and involve little risk to the patient when
conducted by one shilled in the procedure. Renal angiography in animals, if
not m man, sbould' continue te contribute greatly to our knowledge of renal
physiology (Goodwin, Sloan, and Scott).
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through a telescopic lens have made possible the inspection of all aspects of the
bladder and prostatic urethra. Among several altcrations in this sense those of
McCarthy and of Vest are noteworthy, By ingenious arrangement of a hinged-
mirror, controlled remotely by a lever similar to that used for raising and lowering
the lid of the catheterizing telescope, in combination with his foreoblique lens,
McCarthy has succeeded in using one lens to sight forward, sideward, and back-
ward. Vest's forward-looking telescope has greatly improved inspection of the
prostatic urethra, particularly apical prostatic tissue.

THE RESECTOSCOPE

In recent years 2 number of modifications of the Stern-McCarthy resectoscope
have been developed, including those of Nesbit, Scott, and Baumrucker. Pri-
marnily, the instrument has been modified so that it can be operated with one
hand, leaving the other hand free for rectal palpation, Quite recently the standard
Stern-McCarthy resectoscope has been made available 1n size 16F to permit its
use 1n the resection of valvular obstructions in the infant. The recent construction
of the resectoscopic sheath out of lucite rather than bakelite should prove of
considerable value.

The Cold-Knife Resectoscope. According to those familar with 1its use, “the
greatest single improvement m the Braasch-Bumpus r pe was the add:-
tion of the wrigating kmife” (Massey). This is said to increase visibility and to
permit more rapid removal of tissue.

Tre CYSTOMETER

In 1939 Lewis introduced his r ding aneroid cystometer. One year later
Landes described a sumilar recording instrument of the aneroid type, differing
essentially only i minor respects, the latter recording on a circular rather than
linear graph. Both instruments have retained the sensitivity of the water manom-
eter but have eliminated the kymograph and smoked drum Both are electrically
driven and employ an mk-wrtter; ease of operation has been greatly increased.

MISCELLANEOUS

Among many other advances in endoscopic equipment are a splendid modifica-
tion of the Ravich lithotriptoscope, the Councill stone extractor, and the Ellik
bladder evacuator.

Tne CAUTERY

Until recently only minor changes have been made in the design of electro-
surgical units. According to most urclogists, the introduction of the tube-cutting
current for electroresection is a distinet forward step. The current permits finer
cuts to be made with the instrument, resulting in less sear or tissue destruction
adjacent to the line of cut with less postresection slough, Good hemostasis is
still provided by most machines since the tube-cutting current can be blended
at will with spark-gap coagulating current.

Tnr RoentGEN Ray
Perhaps no field of medicine is more greatly debted to roentgenography
than is urology. G py and genography in bination have made
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The Bone Bank and the Use of Homogenous Bone
C. ZENT GARBER, M.D., AND LEONARD F. BUSH, M.D.

HOMOGENOUS BONE

LrreraTunc

The first recorded use of homogenous bone was that of Macewen in 1850. He
had discovered its value some years previously. Since that time there have heen
several cycles of special interest divected to the use of liomogenous bone. The
voluminous early literature on the transplantation of bone has been reviewed
by Marchand (1901), McWilliams (1916), Neuhof (1923), Lever (1924), and
Ghormley and Stuck (1934).

McWilliams, whose bibliography is most extensive, was able
of 23 cases in which living homogenous bone lad been tra
15 cases in which dead homogenous bone treated by hoiling or antiscptics had
been used. Good results were claimed in 13 of the 23 eases receiving living bone
and in 6 of the 15 cases receiving dead bone. Lexer after evtensive olinical
experience concluded in 1925 that homogenous bone, because of its inferior
power of regeneration, is not suitable for transplantation into a bed of ordinary
soft tissue, but in subperiosteal or intra-osscous beds it can stimulate greater
new bone formation than autogenous bone, also that the homogenous transplant
preserves atself in a penosteum-free tubular bone defect, though it may, owing
to atrophy, be nferior to autogenous bone in the living and functional recon-
struction and may fracture without subsequent healing. 1t has been generally
believed for many years that the homogenous transplant is inferior as grafting
material to the fresh autogenous transplant.

Serviceable massive transplants of Lomo;
bones and the adjf\cent half joints h; y Lexer, Kuttner, Wade,
Ellmer and Schmincke, and Ifleyer, and May Failures of such joint transplants
have also been rc?corded (Kausch used dead bone), and the frequent local
recurrence of mallgnantvdxsease has been an additional factor tendmg to dis-
courage use of this formidable procedure,
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comparative utility of | fmdl\ nosteum, direct antmal studies of the
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homogenous transplant Brooks and Hudson reported 76.8 per ;exxt su;e " tls
homogenous transplants 1n dogs as compared with 845 per cent sy s “fltl
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Frangenheim conducted long survival experiments on young rabbits, involving
transplantation of I and he us bone, with and without perios-
teum, into a resection defect of ulea, and found in each case almost complete
substitution of transplanted bone and restitution to normal external form in one
year.

Davis and Hunnicutt transplanted autogenous and homogenous bone into
resechon defects in dogs. They reported that the autogenous bone, both with
and without periosteum, lived and successfully filled the defect. Homogenous
bone 1 the defect acted as a scaffold for growth of new bone, and was ultimately
absorbed. The autogenous transplant tended to assume the size of the bone
into which it was transplanted, With homogenous bone there was belicved to
be shortening of bone in which the transplant was placed.

Renewed Interest. In more recent years there has been a revival of interest
in the use of homogenous bone as shown by the papers of Smith, Ghormley,
Orell Inclan, Bush, Henry, and others relating to “bone banks.” These authors
reported the use of homogenous bone for especially difficult cases where auto-
genous transplants were not available, in such conditions as large bone cysts in
children, congenital pseudarthrosis, osteogenesis imperfecta, and others The
reasons for the relatively infrequent usc of homogenous transplants in the past
were hesitancy in their use without special Jaboratory data, the uncertainty of
the fate of the graft n the new host, and the lack of a method of preservation
to avail the surgeon of quantities of bone as needed.

At the New York Orthopaedic Hospital the need for larger quantities of bone
became so apparent, particularly in the surgical treatment of the scoliotic patient
under the direction of A. D. Smith and W. H Von Lackum, that the writers
began, m late 1945, to study this problem

HistoLocic APPEARANCE

Biopsy specimens were obtained from 12 fusion areas in which homogenous
bone had been employed 1 man Microscopic stucies showed the bone spicules
to be dead, but they were surrounded by connective tissue cells and osteogenesis
occurred by metaplasia of these cells The homog bone apy Ty
furnished the framework and possibly local calcium for the foimation of the
callus and the new bone. The dead bone fragments were gradually being
replaced by living bone tissue (Fig. 1, 4-p).

These findings, meluding those in control material of autogenous transplanted
bone chips, supported the findings of other authors, particularly Baschkirzew and
Petrow, Phemister, Gallic and Robertson, Leniche and Policard, Greig, Key,
Gordon, and Abbott, whose studies of autogenous transplants were similar, In
the control autogenous transplants a small number of the origmal osteocytes
was often present and normal mn appearance at three weeks, but none of the
homogenous cells was found to have survived.

Broop GrouriNG IRRELEVANT

Furthier obscrvations showed that blood groups had no bearing on the fate
of the transplants, In the series of 67 of i in which I o bone
was used, records were kept of the blood groups and the Rh factor of the
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kept at 0° to 1°C. up to a maximum of over three weeks in concentrated sodium
chloride solution, in physiologic sodium chloride with addition of the mild
antiseptics, chloroform and tolual; and later, using aseptic technic, in sodium
chloride solution, in serum, in Locke's solution, and in Ringer's solution. Healing
of all transplants thus treated was good in contrast with that following the
use of incinerated bone and ivory. They considered their best method of preser-
vation to be immersion in Ringer's solution at low temperature under aseptic
conditions and believed such preserved bone superior to previously used sub-
stitute materials and other dead bone.

Kuttner (1911) employed massive transplants of cadaser bone with clinical
success in 3 cases of chondrosarcoma, using bone which had been presenved
24, two and onc-half, and 24 hours, respectively at 1° to 2°C. in sterile Ringer’s
solution, chloroform being added in the first case. Sterility of material was
controlled in 2 cases by culture.

In his first book, Albee (1915) mentioned immersion in normal saline as
a method of preserving bone for a short period He stated that he had satis-
factorily presersed living and cadaver bone for 48 hours in vaseline or wrapped
in vasehne gauze at 4° to 5°C. Ie considered freezing to be theoretically
undesirable, He laid emphasis on the importance of using autogenous bone
grafts whenever possible, as they are most reliable. We believe the use of
paraffin ol and vaseline should be avoided because of the foreign body reaction
expected at the site of residually adherent matenal. In Albee’s last book (1940)
there was no mention of any method of storing bone.

Haas (1925), in expermments on survival of isolated bone, removed two
metacarpal bones from a dog, fractured each, placed one bone in a bottle in
the refrigerator at about freezing temperature and kept the other at room
temperature for a given time, then bound the pieces of each fractured bone
together and bunied them in the back muscles of the same dog. Five weeks later
there were definite signs of prohferation m fractured bones that had been kept
at freezing temperature for as long as five days. There were no signs of prolifera-
tion 1n those kept at room temperature for two days or longer, or in those kept
seven and ten days at freezing temperature. Haas considered this to be a (Pt
of the vitality of osteogenic cells, but other interpretations are possible, e

Smuth (1937) m 2.c‘1‘ses kept bone m a refrigerator at appmxima.tel 1°C
and then autoclaved it just prior to use, In another case {1942) he >

" 2 employed
bone refnigerated 18 days without any further treatment except w: hp ve
saline before using. i eept washing in

In'clan (1942) using bone preserved at 2° to 5°C, in saline,
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donors and of the recipients. The postoperative course was not influenced by
the compatihility or noncompatibility of the blood groups. Identical operatious,
whether employing homogenous transplants from mdividuals with compatible
or noncompatible blood manmifested no difference in the morbidity, Of 73 bone
donors, the blood was compatible with the recipients in 27, noncompatible in
28, and in 18 the blood type was undetermined, These statistics fndeate that
blood typing studies are ry when 1 I bone is to be used
Determumation of the Rh factor, winch is a propety of red blood cells, 1
hikewnse unnecessary

PrincipLES OF TRANSPLANTATION

Our investigations like those of others showed that regeneration in bone trans-
plantation takes place appreciably only when the transplants are in contact with
living bone, occurning chiefly by metaplasia of adjacent connective tissue cells
Baschlarzew and Petrow, Brooks and Hudson, and Keith proved that age is
smportant, in that transpl 0N was more essful in the young than in
the aged. Benesch, Chance, and Glynn fnded that sul ides inhibit
bone caleifieation. Carrel, Bucciante, and Strumua showed that washing or
storng tissues in sahne or Ringer's solution interfered with suceessful trans-
plantation Accordmg to Abbott et al, fat m excess retards bone formation All
wnestigators agice that cancellous bone is best for osteogenesis while cortical
bone 1s best for stalalty Massive fransplants of cortical bone m man are
revitalized slowly, the substitution of new bone often being little evident below
the surface at the end of one year.

Loeb's extensise studies on individuality differentsals and transplantation both
gwded and substantiated some of our work. Among other writings relevant
to the transplantation of bone may be mentioned those of Barth, Axhausen,
Gdll, MeGaw and Harbin, Key, Groves, Murray, Urist and Armstrong,

THE BONE BANK

Lireratore

Storage of bone prior to transplantation 15 an old problem Oler fn 1861
seeking an wmnocuous and useful low temperature for preservation of trans-
plants, reported obtaining more veluminous growth of bone from transplanted
penosteum taken from bodies of dead rabbits preserved at 2° to 5°C. for 18 to
24 hours than from ammals kept at 15° to 20° C. Grohé, similarly in 1899, using
penasteum taken from dead rablts preserved as long as 100 hours at 0° to 4°C,,
obtained growth of bone following implantation into youag rabbits Morpurgo
soon thereafter reported evpersments i which periosteum of young chickens
after varying periods of preservation at three diferent temperatures, was trans-
planted to vaseular comb and wattles of the same and other chickens The
tuwmts of life of the cells in storage as judged by formation of hone ar cartilage,
were 192 hours at temperature of 3° to 6°C, 168 howrs at 13°C., and 100 hours
for approvimately normal hen's temperature of 40° to 41°C.

Bauer and Weil (1010), students of Kuttner searching for methods of preserv-
g bone, did 50 transplantations on 43 dogs, using bones which had been
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moistened with normal salt solution to heep them from drying out. and storing
in the icebox was sufficient. If longer periods were desired, the grafts were
stored in jars of yellow saseline or sterile albolene in the coil compartment of a
refrigerator. Webster (1944) was successful with most autogenous skin trans-
plants shich had been wrapped in phofilm. then covered by vaseline gauze
to prevent drying, and hept in a refrigerator at 4°C. Transplants preserved more
than three weeks did not take. Matthews (1945) reported the successful use
of autogenous skin grafts which had been stored for 21 days in a refrigerator
at from 3° to 6°C. wrapped in tullegras surrounded by moist saline gauze and
placed in screw-capped bottles.

Gross, Bill, and Prerce (1949) presen ed arterial segments of aortas at 1° to 4°C.
immersed in a balanced buffered solution of salts containing 10 per cent homo-
genous serum, penicillm, and streptomycin. Vessels kept in this solution after
removal frara donar animals were suceessfully transplanted into other dogs after
storage as long as 42 days, and human vessels thus preserved were used in chil-
dren with congenital heart disease, with promising results, Tissue culture studies
showed that viability of fibroblasts was maintained for 35 to 10 days in blood
vessels stored in this way.

Grafting of comneal tissue to the eye puts extremely exacting requirements
on a transplant. Corneal tissue of rabbits according to the experimental work
of Thomas was satisfactorily presened at 3°C. for as long as three days in
physiologic saline or four days in Hartmann's solution; but after freezing in
liquid nitrogen and then preservation at —40°C,, there was loss of viability of
the tissue, for the comeas invariably became opaque and were rephced‘ by
fibrous tissue. Eyes of salamanders presened for as long as seven days
refrigerated at 4° 10 6°C. were successfully grafted by Stone to give 2 functioning
organ. Transplants kept at 0°C. eventually degenerated, and the rapidity “-it}b,
which they succumbed depended partially on the time they had remained in
the refrigerator.

The oxygen consumption of bovine corneas was measured by Duane in order
to test storage methods at low temperatures, When stored in a moist chamber
over Ringer's solution at 4°C. or in oil at 15°C. the QO: of the corneas remained

normal for seven days and then fell to one-fifth normal in 10 to 12 days,
respectisely. The corneal QO: was reduced immediately to one-fth of normal by
quick freezing and dropped to this level within four davs v hen Rept at —40°C;
there was no further respiratory depression up to 60 days’ storage. Kntzi;
reported that human comeas for the Eye Bank were presened most:’eﬂ' ively
at 3° to 5°C. for three days in a moist chamber in which the eye w ecmdeezi
above physiologic saline without ever being immersed in it. Y€ was suspen
thBty nxtla]('),gy with the {’wﬁ applicable of tl'le cited experiments we may infer

at osteogenic cells, when cooled by ordinary slow methods, will k.
preserved at 3° to 6°C., that cells will r s » will be best

1ferx;:]|it£1icaltiiox.xtoffa ufew contaminating fungi or bacteria at this temperature,
a limit of three weeks -ati i :
el i on the preservation of bone in the ordinary
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assure a constantly available supply of bone. Guid. in secking

temperature for presenvation of bone was sought in various fields of biology.
The reviews of Heilbrunn, Bélehridek, Luvet and Gehenio, Breedss, and
Tressler and Evers contain much of this bterature.

Tissues of most animals do not sunisve slow cooling to temperatures lower,
or more than a few degrees lower than 0°C. for any prolonged time, It appears
that they die at a temperature slightly below the freezing point of their proto-
plasm, if not before. A few easily desiccated forms of life, however, including
some spores, cysts, sceds, and most bacteria can approach absolute zero without
being killed. Solidification enly does not necessarily lall cells. It is the freezing
of water with crystal formation within the cells which may do irreparable
damage to them,

What are some of the experiments related to the problem under consideration?
Lambert prescryed embryonic chick and rat tissues in culture media at tempera-
tures vanying from 7 to 20°C. and found the most favorable temperature for
maximum duration of lfe (20 days) to be 6°C. Tissues sunvived 10 days at
0°C. and only a few hours below —7°C., the freezing point of some of the
tissues. Lake demonstrated pulsation of embryo rabbit heart muscle in Ringer-
plasma medium after exposure to —5°C. for 30 minutes, but not after exposure
to —7°C, where plasma froze.

By tissue cultures Hetherington and Craig demonstrated that life was pre-
served in fragments of chick heart muscle at 0°C. in Ringer-Tyrode solution
for as long as 15 days. Subzero temperatures killed the cells within a number
of hours. This was in agreement with the quoted experiment of Buccianti who
could demonstrate no survival of heart muscle at —25°C. and only short survival
of epithelium and fibroblasts of skin, which were the most resistant of 2 number
of tissues tested. Simonin exposed fragments of embyros of the mouse, rat, and
ox to sexeral temperatures and by cultures found the sunvival periods to be 20
days, five days, and a “short time” for respective temperatures of 0°C., —5°C.
and —15°C. Some tissues were more sensitive than others. Waterman showed

horio-allantoic transpl ion that chick embros were presenied best at
5°C." After refrigeration for 22 days, epidermis, cartilage, bone, and some
skeletal muscle grew, while all other tissues were dead. Death occwrred quickly
during storage at 0°C. In an earlier work with rabbit embryos, Waterman showed
that bone and carhlage ranked with epidermis in surviving storage relatisely
Jonger than other tissues.

Carrel in 1912 reported transplantation of a newborn infant’s skin which he
had preserved some w eeks in petrolatum at 3°C. He quoted Tuffier as having
in 1910 and 1911 serviceably used fat, cartilage, and peritoneum which had
been kept for periods of a few hours to two months in petrolatum in a refrigerator.
Magitot at this time had with brilliant success transplanted a cornea which had
been preserved in human plasma for eight days in a refrigerator at 4°C. In
2 discussion of Carrel’s paper, Davis stated that he had successfully transplanted
«kin, fascia, tendon, bone and cartilage after preservation in an ordinary refriger-
ator or in cold storage. In 1940 Davis agai‘n stated that for the presenation of
skin for grafting, he had experi d with refrigeration of various types. If
the grafts were to be used within 24 hours, wrapping them in sterile dressings
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moistened with normal salt solution to keep them from drying out, and storing
m the icebon was sufficient. If longer periods were desired, the grafts were
stored in ars of yellow vaseline or stenile albolene in the coil compartment of a
refrigerator. Webster (1941) was successful with most autogenous skin trans-
plants which had been wrapped in pliofilm, then covered by vascline gauze
to prevent drying, and kept in a refrigerator at 4°C. Transplants presenyed more
than three weeks did not take. Matthews (1945) reported the successful use
of autogenous skin grafts which had been stored for 21 days in a refrigerator
at from 8° to 6°C. wrapped in tullegras surrounded by moist saline gauze and
placed in screw-capped bottles.

Gross, Bill, and Pierce (1949) presersed arterial segments of aortas at 1° to 4°C.
inmersed in a balanced buffered solution of salts containing 10 per cent homo-
genous scrum, penicilln, and streptomyein, Vesscls hept in this solution after
remoral from donor animals were successfully transplanted into other dogs after
storage as long as 42 days, and human vessels thus preserved were used in chil-
dren with congenital heart disease, with promising results. Tissue culture studies
showed that viability of fibroblasts was maintained for 35 to 40 days in bloed
vessels stored in this way.

Grafting of comeal tissue to the eye puts extremely exacting requirements
on a transplant. Corneal tissue of rabbits according to the experimental work
of Thomas was satisfactorily preserved at 8°C. for as long as three days in
physiologie saline or four days in Hartmann’s solution; but after freezing in
liquid nitrogen and then preservation at ~40°C., there was loss of viability of
the tissue, for the comeas invariably became opaque and were replaced by
fibrous tissue. Eyes of salamanders presernved for as long as seven days
refrigerated at 4° to 6°C. were successfully grafted by Stone to give f\\nclioni;xg
organ. Transplants kept at 0°C. cventually degenerated, and the rapidity with
which they succumbed depended partially on the time they had remained in
the refrigerator.

The ovygen consumption of bovine comeas was measured by Duane in order
to test stora’ge meshods at low temperatures When stored in a moist chamber
over Ringer’s solution at 4°C. or m oil at 15°C. the QO: of the corneas remained
normal for seven days and then fell to one-ffth normal in 10 to 12 days,
respectisely. The comeal QO. was reduced immediately fo one-fifth of no;rml {)’,
quick freezing and dropped to this leyvel within four days when kept at —46”(]).
there was no further respiratory depression up to 60 days™ storage. Katzir;
reported that human corneas for the Eye Bank were presersed most effectiv

o o A ) ectively
at 3° to 5°C. for three days in a moist chamber in which the eye was s d ?l
above physiologic saline without ever being immersed in it. Y uspende

By analogy A\nth the most applicable of the cited experiments we may inf
that 08(3’39'20 cel(:s,cwhen cooled by ordinary slow methods, will h}; ch:
presered at 3° to 6°C., that cells w; in in ex o
Bt weck, ang thet seeioy mavnbe‘:\” re:n(:;x? in excellent c(mdlt.mn during the
On the basis of this reasoning and \pecte or three weeks at this temperature.
of multiplication of g feu cgntam’ine‘:n n;ore important, .because of the danger
we place a limit of three weeks n: 3:% ur:? (?r Paclena at th.is temperature,
refrigerator. preservation of hore jin the ordinary
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assure a constantly available supply of bone. Guidance in seeking optimum
temperature for presenvation of bone was sought in various fields of biology.
The reviews of Herbrunn, Bélebridek, Luyet and Gehenio, Breedis, and
Tressler and Evers contain much of this literature,

Tissues of most animals do not survive slow cooling to temperatures Jower,
or more than a few degrees lower than 0°C. for any prolonged time, It appears
that they die at a temperature slightly below the freczing point of their proto-
plasm, if not before. A few casily desiccated forms of life, however, including
some spores, cysts, seeds, and most bacteria can approach absolute zero without
being hlled. Solidification only does not necessanly kill cells. It is the freezing
of water with crystal formation within the cells which may do irreparable
damage to them.

What are some of the cxperiments related to the problem under consideration®
Lambert presenned embryonie chick and rat tissues in culture media at tempera-
tures varying from 7 to 20°C. and found the most favorable temperature for
maximum duration of life (20 days) to be 6°C. Tissues survised 10 days at
0°C and only a few hours below —7°C,, the freezing point of some of the
tissues. Lake demonstrated pulsation of embryo rabbit heart muscle in Ringer-
plasma medium after exposure to —5°C. for 30 minutes, but not after exposure
to —7°C., where plasma froze.

By tissue cultures Hetherington and Craig demonstrated that life was pre-
senved in fragments of chick heart muscle at 0°C. in Ringer-Tyrode solution
for as long as 15 days. Subzero temperatures killed the cells within a number
of hours. This was in agreement with the quoted experiment of Buccianti who
could demonstrate no survival of heart muscle at —-25°C. and only short survival
of epithelium and fibroblasts of skin, which were the most resistant of a number
of tissues tested. Simonin exposed fragments of embyros of the mouse, rat, and
ox to several temperatures and by cultures found the survival periods to be 20
days, five days, and a “short time” for respective temperatures of 0°C, —5°C.,
and —15°C Some tissues were more sensitive than others, Waterman showed
by cllorio-allanmic transplantation that chick embryos were preserved best at
5°C." After refrigeration for 22 days, epidermis, cartilage, bone, and some
skeletal muscle grew, while all other tissues were dead. Death occurred quickly
dunng storage at 0°C. In an earlier work with rabbit embryos, Waterman showed
that bone and cartilage ranked with epidermis in surviving storage relatively

lTonger than other tissues.

Carrel in 1912 reported transplantation of a newbom infant's shin which he
had presened some weehs in petrolatum at 3°C. He quoted Tuffier as having
in 1910 and 1911 serviceably used fat, cartilage, and peritoneum which had
been kept for periods of a few hours to two months in petrolatum in a refrigerator.
Magitot at this tme had with brilliant success transplanted a cornea which had
been preser ed in human plasma.for eight days m a refrigerator at 4°C. In
a discussion of Carrel's paper, Davis stated that he had successfully transplanted
skin, fascia, tendon, bone and cartilage after preservation in an ordinary refriger-

ator or in cold sterage. In 1940 Davis again stated that for the presenation of
skin for graftmg, he had exlten'.mented with refrig.;eratiun of varfous types. If
the grafts were to be used within 24 hours, wrapping them in sterle dressings
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able to observe a characteristic living picture by vital staining. As a test for
viability this may be open to some question. After short freezing the most
malignant of the tumors could he grown in tissue cultures. Klinke stated that
his findings were not characteristic of malignant cells, for similar growth was
demonstrated with several normal embryonic tissues of chick, He mentioned
successfully culturing hidney tissue of a six weeks old rabbit following freezing
in liquid nitrogen Mider and Morton reported that squamous cpithelium and
connective tissue cells of a normal adult rat’s skin sometimes remained viable
on subcutancous implantation following rapid freezing and storage for 24 hours
at —74°C. Briggs and Jund obtained in young mice about 52 per cent takes of
skin grafts which had been frozen one to 24 hours at —78.5°C. About two minutes
were taken for cooling from 0° to —15°C. Similar grafts stored five and 10 days
at 0°C. were grafted with nnly slightly less success, while grafts stored for 15
and 20 days failed.

Webster reported an interesting grafting experiment with frozen skin in a man,
A control graft of freshly taken skin was 98 per cent successful at 21 days after
implantation, A graft kept 17 days in Ringer’s solution at 4°C. was partly lost
at 21 days. A graft similarly treated but also lyophilized at —72°C. gave the
appearance of an 80 per cent take at the 21 day period. Strumia and Hodge
preserved human skin in plasma at —20° to —25°C. for periods of one to 61 days.
Using this method for autogenous transplantation, they obtained 80.5 per cent
takes as compared with 86.4 per cent in controls.

In contrast with the success obtained in grafting aortic segments which had
been preserved at 1° to 4°C. in a spectal solution, Gross, Bill, and Pierce reported
highly unsatisfactory results with tissue which had been kept frozen for two to
36 days at —72°C. Two dogs survived for at least six months, but 9 died follow-
ing breakdown of anastomosis. Tissue cultures of dogs’ aortas which had been
stored at —70°C. led to growth m only 2 of 34 instances.

Keith froze bone chips of a dog in Liquid air for 10 minutes. Roentgenograms
taken suk ly to reimpl ion showed only fair growth of bone, and the

q
microscopre examination revealed only a small amount of newly formed bone
Keith stated that this finding was a surprise. )
From the above literature pertaining to the preservation of various tissues at
subzere temperatures one can make several observations in relation to bone
The 1deal extremely rapid freezing and tha\ving, through the assumed cri!ic'.li
temperature range of 0°C. to —40°C. is not pessible because of the large size of

the pieces of bone desired for use. Slower freezing and thawin, %’mwe\
have been surprisingly successful with some tissues and have chnllex%’ ed inst: N
taneous cooling and thawing as the only method for Iimiting formntigon of aln~
tively large ice crystals. Although existence of latent life in mammalian IelT
has been demonstrated at very low temperatures by various inv;sti a!t; Cels'
a small proportion of the total number of cells involved has survi 'gd e o
the expenimental conditions (Breedis) and then e e of
;e:;n,t as far as reported in some instances, for many hours. Survivals at extremely
temperatures have been less than those in the vicinity of —75° o
survival does not indicate retention of power to functi t'{'ho' A
of experiments with vertebrate life have be formed h orgest mumber
en performed with neoplastic cells
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ARGUMENTS FOR SUBZERO PRISERVATION

In keeping tissue for prolonged periods near 0°C. the hazard of multiphca-
tion of a few contaminating fungt and bactenia 1s very real. Mycelial forms of
some fungi are Jalled in 24 hours at a temperature of —15°C At —~18°C (0°F.}
most of the fluid in the tissues is frozen sohd, the danger of multiplication of
ordinary contaminating bactena, even on the surface, 15 negligible; diffusion
of fluids 1s mimal, and chemical reactions, including the enzymatic and auto-
Iytic reactions, practically cease.

There 15 evidence that some animal cells do survive very Jow temperatures
Mider and Morton, after rapid en masse freezing of several experimental rat
and mouse neoplasms at —74°C for 24 hours, moculated the thawed tissue into
animals and obtained growth m a high percentage of cases. With salime cell
suspensions rapid freezing was lethal and slow freezing gave relatively few
takes Tumors arising from frozen material exhibited a lengthened latent period
Breedis and Furth reported successful preservation of suspensions of varous
neoplastic cells i Tyrode's solution following slow freezing and storage for
many days at —70°C. Rapid freezing was more injurious to the cells. Thawing
prior to moculation was rapidly carried out by shaking the tube contamer in
water at 837°C Snell and Cloudman froze picces of various neoplasms of mouse
and rat to —75°C. and found, in agreement with the previous work, that most
of the neoplastic cells were njured less by slow freezing than by rapid freezing.
Breedss and Furth noted that many cilia of the epithelium of chicken trachea
were actively motile at two, 16 and 327 days after preservation at —70°C.

For leukemic cells of mice, Breedis deseribed a critical temperature range
between 0° and —15°. If the fall in temperature through this range occurred
m 12 seconds or less, the leuk cell suspensions were pletely jnactivated.
If 1t occurred m one mmute or more the suspensions remamed infectious. Below
this range, the rate of cooling down to —196°C was immaterial.

For the vinegar ecl, a nematode about 2 mm. long, Luyet and Hartung found
the dangerous zone to lic between 0° and —40°C Thus is probably the maximum
range of the dangerous zone for protoplasmic systems In their experiment,
in order to avoid the deletenious effect of erystallization, this zone was trav ersed
with great rapidity (at the rate of 1000°C. per second) from flwd state to solid
amorphous “vitreous” state, and then with equal rapidity in the opposite direc-
tion durtng thawing. Moulity could thereby be demonstrated following short
mmersion in hquid air Organisms more than several millimeters in diameter
could not be expected to survive such treatment, as heat could not with suffi-
cient rapidity be conducted from or to the interior This method was used by
Hoagland and Pimeus 1 an attempt to preserve human spermatozoa at —196°C.
The number of motile organisms surviving more than two hours was small and
not favorably comparable with the good survival rate over a period of days
reported by Parkes for only a moderately rapid freezing and preservation at
—79° and —196°C. Even after freezing at —20°C Parkes found some survival
for a short period.

Klinke, by rapidly freezing pieces of tissue by direct immersion mnto hqud
nitrogen and liquid hydrogen, kept cells of 2 number of neoplasms of mouse
and rat deeply frozen at —196° and —253°C. for days and weeks, and was then
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) observe a chatacteristie ¥ving picture by vital staning. As a test for
y this may be open to some question. AMter short freezing the most
ant of the tumors conld be grown in tissue cultures, Klinke stated that
lings were nat characteristic of malignant cells, for similar growth was
strated with several normal embryome tissues of chich. e mentioned
fully enlturing Midney tissue of a siv weeks old rabbit following freczing
id nitrogen. Mider and Morton reported that squamous epithelium and
tive tissue cells of a normal adult rat's shin sometimes remained viable
cutancans implantation following rapid freesing and storage for 24 hours
1°C. Briggs and Jund obtained in young mice about 52 per cent takes of
afts which had been frozen one to 21 hours at —78.5°C. About two minutes
aken for coolmg from 0° to ~15°C Similar grafts stored five and 10 days
., were grafted with only slightly less suceess, while grafts stored for 15
1 days failed,
sster reported an mteresting graftmg experiment with frozen skin in a man,
trol graft of freshly taken shin was 95 per cent successful at 21 days after
mation A graft hept 17 days m Ringer’s solution at 4°C. was partly Jost
days. A graft sumtlarly treated but also lyophilized at —72°C, gave the
rance of an 80 per cent take at the 21 day period Strumia and Hodge
ved human shin i plasma at ~20° to —25°C for periads of one to 61 days.
this method for autogenous transplantation, they abtained 805 per cent
as compared with 86.4 per cent i controls.
rontrast with the success obtamed m grafting aortic segments which had
sreserved at 1° to 4°C. in a specral solution, Gross, Bill, and Pierce reported
» unsatisfactory results with tissue which had heen kept frozen for two to
ys at —72°C Two dogs survived for at least six months, but 9 died follow-
reakdown of anastomosis Tissue cultures of dogs” aortas which had been
Lat —70°C. led to growth m only 2 of 34 mstances.
th ‘(’mze bolr;e flups of ;\ dog n ll]qlli(l (.;ir f]or f1() minutes. ROCntgenogmms
subsequently to reimplantation showed onl air growth of b a
‘scopicqemmin.mon revealed only a small n):nmmtgof newly f((::(:;c'(\l“go‘l:‘cc
stated that tlus finding was a surprise ’
m the above literature pertaming to the preservation of various tissnes at
0 temperatures one can make several observations in relation to bone.
ideal extremely mopid freezmug and thawing, through the assumed critimi
e'ralure range of 0 C to ~40°C. 1s not possible because of the large size of
seces of bfme desired for use. Slower freczing and thawing, however,
been surprisingly successful with some tissues and have chnllcn’cd inst; :
s coullpg and thawing as the only method for Iimiting formﬂti%m of o f‘;n:
7 large ice crystals Although existence of latent life in mammali ol
seen demonstrated at very low temperatures by various x‘n\v‘ “mn ian cells
all proportion of the total number of cells l'nvol\';d 1 c?. gators, only
experimental conditions (Breedis) and then usnally ";S fsur\u-cd some of
, as far as reported m some instances, for m, any hr;u} no f" many days or
& ts. Survivals qt extremely

temperatures have been less than those j

4 ose in the vi

1 d " > cimty of —750 .
wal does not‘mdlca(e retention of power to function, %he’l C: Mere
xpenments with vertebrate Iife have b ' rgest number

een performed with neonlastio colle
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Fic 2-—Autogenous transplant, fresh, 28 Fic. 8 —Autogenous transplant, frozen at
days 10 ammal 107, Result was graded as~ ~25° G for seven days poor to implanta-
“excellent ” tien, 21 days in ammal 107. Result was

graded as “excellent.”

Fic 4.—Autogenous transplant, frozen at
~25° C. for 14 days pnor to implantation,
42 days m ammal 108 Result was graded -

as “excellent.” .

lantzation of marrow 1n the transplant,
(1.4 M.A, 137:588, 1948)
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and embryonic cells. These culls are prrticularly rapidly growing and so probably
more tenuous of life than normal cells which we wish to presene.

Human shin has been shown to be comparatively resistant to cold, and experi-
ments with skin probably come closest to those reported in indicating what may
be expected of bane. The experiments of Strumia and Hodge are most suggestive

Fic 6 —Homogenous transplant, frozen at —25° C. for 84 days pnor to i
, fro: 2 . Ly i, L4
1n arumal 103. Result graded as “fair to good™ at low power. Hs\?c\cr(,’ :hifl;?:;lmm (_-[ ‘ll:'l}S
shows Tormation of abundant cartilage callas and metaplastic osteoid tissne alyient 1o the
wecrote eroded bone of the transplant, yroent 1o The

UJ.AMA, 137.588, 1948)

here, and 1f we try to preserve bone in its naturally moist condition in an ai
hght‘container at —20° to —25°C., we may, perhaps, sufficiently a rmch“t}::":.
corlldxt;}(’)ns and amidf incol;;'eniem addition of plasma, ppre: o
n the argument for subzero storage of i ol
admit that for practical purposes of gr%fting :)to::uf‘:n::‘ief:)ez:e:ssm.‘f we must
the osteogenic cg]l? in vigorous or even viable cor;dllion. This \viﬁr)bco Pres'e“'e
;r:; fo 1:;](; z;:‘ev\':gll;ng (ot accept something less than an ideally rapid t;fg:“;i]]:y
and bacteral gro and P“’b-’l'bly has its merit simply in stoppin ly: s
growth and preserving most of the physical pPp ‘g autolysis
ties of the bone and its attached pysical and chemical proper-

5 tissues in a Titt]

find ! a little altered st

ndings lead us to beliere, at least as far as homogenous kmns;;l::rcx-tn(sizhs?quem
n is con-
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cerned, that this 1s 50, for no homogenous osteogemic donor cells, whether fresh
or preserved by low temperature freezing, have been found to survive n the
host.

Experiments. Putting the method of subzero preservation to test, experiments
were undertaken to see what the tissue reactions would be to bone which had
been preserved by freezing, whether autogenous or homogenous Young, nearly
fully grown, rabbits were used. The ilium, being cancellous bone and readily
accessible, was considered suitable for studying ostcogenesis and tissue reactions,
Bone of hiemi-disk shape was removed from the margin of the iium with a

TABLE I
Onprn or HeALING oF TRANSPLANTS
Healng Indes®
(1) Autogenous fresh 13/5 26
Autogenous frozen scyen days 8/3 266
(2) Autogenous frozen 14 days 5/3 1.66
Homogenous fresh 6/4 15
temo e e e 4/3 133
@ 757 107
2/2 10
(4) 11umugenous Luzen votca 172 05
o oo e . . [T S
denor
equal
good,

at least orie s1de of the cortex and also cvtending up mto the medulla for a short distance),
1 equals fair (transplant only fused to bed of host, wath or without callus on one side of cor-
tex} and 0 equals nonunmon’ {or €xessive penpheral resorption of bone and hitle formation
of new bone)

arcular saw, so that the bed and the transplant were always the same shape
and size. Control studies were made with fresh autogenous and homogenous
bone and with boiled bone. Both iliac bones were used so that one type of
bone could be transplanted to one ihum and another or control type to the
other 1lum of the same apimal, thus allowi 7 ive 1 of results
The transplants were lield 1 place by tantalum wire.

For the experiment propes, freshly removed bone was placed i stovage bottles,
preserved in a freezing cabinet at approvimately —24°C. for peniods of one, two,
four, eight, and 12 weeks, and then transplanted The ammals were killed
at three and six week mtervals, and the transplantation areas were studied
grossly, genologically, and pically. In this series 32 transplantations
were made by 28 operations on 19 anmals Results of the 29 transplants suttable
for analysis are grven m Table I where they are expressed in terms of a “healing
mdex” (Figs 2-6)

Frozen bone transplants regularly became attached to suitably prepared beds
of host bone and were slowly and at least partially replaced by new bone
formed by the host through metaplasia and creeping substitution Fresh auto-
genous bone and autogenous bone preserved m a trozen condition for one week
and even for two wecks were more quickly and completely reconstituted into
bone approaching normal architecture than frozen homogenous bone, but there
was hittle diff in favor of g bone when preservation 1n the frozen
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state was prolonged beyond 28 days. This suggests that possibly autogenous
bone cells usefully survived freesing at —=24°C. for one week and that some
cells sunived for two weeks. The possible effect of slow denaturization of
autogenous protem is also to he considered. The homogenous hone cells, whether
fresh or frozen, never grew in transplants; this hone served as a trellis and
stimulus for growth of cells from the host,

In an additional Jonger term evpermment, homogenons hone frozen 14 days
was examined $1 days after transplantation to several animals. Bony union was

m ammal
ming creep

Fic 7—]]011)()gunml\’ lr.\mp];\n(. frozen at —25° C. for 14 days prior to implantation, 81 days
‘ . and begm-
“excellent”

JAMA, 137 588,1918)

excellent The greater part of the ongmal transplant still remaned in
and somewhat eroded condition, About one-
by newly formed bone (Fig 7), and there was some creeping substitution,
Epiphyseal cartilage attached to bone which had been frozen for two .' k
was necrotic when examned three or more weeks after implantation, ‘l‘cc' :
noted to interfere locally with the formation of new hone Boil‘cd . :““ s
bone transplants were inferior to frozen transplants, the medull bﬂ'“ S
revasculanzed and devoid of new bone. The impor;nnce of re- at belmlg' POO{I)'
culation m bone transplants is mdicated by the inferior fonm(-es ﬂf P ol
1n several anmals 1n which transplants had become angulat (i lt(lm oy oone
ng revascularization directly from the medulla of the %10 ‘t o thereby prevent-
The mclusion of boiled autogenous bone as a part of Sl;'
without ment in the establishment of a base Ime. 11‘\00"()1 v
have occasonally resulted in enforced use of su.ch n:ateer;tiil

[ a necrotic
third of the margin was bordered

experiment is not
n operating rooms
, and with clinical
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success. Numerous experiments with animals recorded in the literature have
shown that boiled transplants can be made to succeed though they do so slowly
as compared with fresh autogenous transplants (Marchand; Phemister; Gallic
and Robertson; Key; Orell). The healing index of our homogenous frozen bone
was in the same range as that of autogenous boiled bone, though slightly higher.

Sounces oF BoxE

Large quantities of hone may be obtained from operations where bone is
sacrificed, as in hip surgery, traumatic amputations, thoracic surgery, and many
others, Cadaver bone may be used if procured m the safe period under stenle
conditions. Swtable methods are nceded for the sterilization of homogenous
bone. According to the bacteriologic cultures of Bergmann, bone of cadavers
(lower femur) remained sterile on the average for 12 hours following death
not due to generahized infection. Lexer using this criterion subsequently en-

d a strey inatr lant removed 10 hours after death. Bacterio.
logic studies by Hunt and others indicate that in nonbacterial di post-
mortem invasion of blood does not ordinanly occur within the first 12 hours. In
choosing a donor one had best be quite conservative here. Suitable cases of
sudden traumatic death are potentially rich sources of sterile bone and should
be satisfactory if removal can be performed in a surgical operating room within
several hours after death. Sterility of such bone should be tested by cultures.

Zimbron at the meeting of the American Academy of Orthopaedic Surgeons
in Chicago, in January 1949, showed his method of collecting cadaver bone.
He had previously published a preliminary report of results in 25 operations
on 23 patients who had received transplants of bank bone. In 14 patients the
bone used was taken within the first eight hours from tibias of healthy indwvid-
nals who had died in traumatic accidents. His bank bone was used within three
weeks following preservation at --10°C. Two cases became infected by proc-
esses not attributable to the transplants No difference was noted between the
behavior of transplants taken from live individuals and those which came from
cadavers,

Bones from stillborn infants and infants of short survival have been used
From a theoretical standpoint, the great potential for cellular growth char-
acteristic of such cells has no value, for these cells of homogenous bone die
in the host. On an equal weight basis, bone of the newborn contains only about
half as much caleum as adult bone (Shohl). The proportion is still lower
fetal bone.

PrecavTions IN CoLLECTING BONE

The bone must be collected and stored under strictly aseptic conditions,
There should be no history of recent infections, malaria, or jaundice. A
negative serologic test for syphilis is required. Turner and Fleming showed
that treponemata of yaws and syphilis retained their motility and virulence m
rabbits after exposure to a temperature of —78°C. for at Jeast three years.
At —20°C. survival of treponemata of syphilis did not exceed two months, Ohtsky
et al demonstrated prolonged survival of a number of viruses in serum at —20 to
—30°C.
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Records are kept in a card indes file such as shown:

Boxe Basx

DONOIW'S NAMY 2 HOSPITAL NOLG
SOUNCE (8 BONLL WFIGHT OF BON

M CPNT INTTCTIONS: HISTORY OF JAUNDICT.
SEFROLOGY': HISTORY OF MALARIAL

DATY STORYD:
Recarist
NAME . HOSPITAL NO.:
OPFRATION
DATYI USID:

* The weight of the bone is secorded hiefly to give an index as to the amount of bone
present 1o the bottles,

At the New York Orthopacdic Hospital it has been the policy not to use bone
until it has been stored for two weeks, during which time the donor has been
assessed as free of mfection Cultures are not made routinely, but as indicated.

PreraraTion oF Boxt Fonr STORAGE

All soft tissue and cartilage are removed from the bone prior to storage. The
size of the transplant to be used is determined at the time of operation, there-
fore large picces are stared. The bane is placed in stenle sets of duat bottles
which are properly labeled (Fig 8) Such contamers prevent contamination in
the handling of the bone, evaporation, and sudden changes of temperature.

METHODS OF STORAGE OF Boxk

Durect or Immediate Grafting. Bone may be obtained from other patients simul-
taneously treated by operation, or from relatives who are admitted to the hospital
for this purpose, 1t may be transferred directly from the donor to the reci ier;t
Our records indicate that this method of transfer has been used in 15 -
for ¥ " transpl and in 9§ for syng ious tr r

Delayed Grafting. Delayed grafting, whether autogenous or homo, Cl.]()ll
involves the storing of bone in the tissues of a patient for use in scc%nd 5:
operations. This method has been used successfully in our institution on se ﬂr}l
occasions, but will rarely be necessary in hospitals which have instit l‘:;m
method of preserving bone in a bank. Key (1928} and Moore (1949) ludc .
cessful results in the use of delayed grafts. noted sue-

Refrigeration. This is a convenient method of
to be used 1n man, the temperature and durati i

(a) Ordnary RefngeratI;on (2° to 5°C.;: ;:n‘;f;':;ﬂgj sﬂt:)er;ln POﬂﬂ.nL
ture for periods up to three weeks, at this tempeza.-

h(b) }?eep Freezing (—25°C. approximatel
through experimentation by the authors, it was instituted as the method of choice

and has been in constant use sin
indefinite period by this method. aniarly s Bone may be stored for an

of t i
which had been stored for oyer are o he \vmcrs‘ successfully used bone

instances
1

preservation. For tissue which is

y): After this method was well tested
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success Numerous experiments with animals recorded in the literature have
shown that boiled transplants can be made to succeed though they do so slowly
as compared with fresh autogenous transplants (Marchand, Phemister; Gallie
and Robertson; Key, Orell). The healing index of our homogenous frozen bone
was m the same range as that of autogenous boiled bone, though slightly higher.

Sources oF Bonr:

Large quantitics of bone may be obtained from operations where bone is
sacrificed, as in hip surgery, traumatic amputations, thoracic surgery, and many
others Cadaver bone may be used if procured in the safe period under stenle
conditions Suitable methods are needed for the sterilization of homogenous
hone. According to the bacteriologic cultures of Bergmann, bone of cadavers
(lower femur) remained sterile on the average for 12 hours following death
not due to generalized infection. Lexer using this criterion subsequently en-
countered a streptococcus in a transplant removed 10 hours after death. Bacterio-
logic studies by Hunt and others indicate that in nonbacterial d post-
mortem 1nvasion of blood does not ordinarily occur within the first 12 hours. In
choosing a donor one had best be quite conservative here Suitable eases of
sudden traumatic death are potentially rich sources of sterile bone and should
be satisfactory if removal can be performed in a surgical operating room within
several hours after death. Sterility of such bone should be tested by cultures.

Zimbron at the meeting of the American Academy of Orthopaedic Surgeons
in Chicago, in January 1949, showed his method of collecting cadaser bone,
He had previously published a preliminary report of results in 23 operations
on 23 patients who had received transplants of bank bone. In 14 patients the
bone used was taken within the first eight hours from tibias of healthy individ-
uals who had died in traumatic accidents. His bank bone was used within three
weeks following preservation at —10°C Two cases became infected by proc-
esses not attributable to the transpl No difference was noted between the
behavior of transplants taken from live individuals and those which came from
cadavers,

Bones from stillborn infants and infants of short survival have been used
From a theoretical standpoint, the great potential for cellular growth char-
acteristic of such cells has no value, for these cells of homogenous bone dic
in the host, On an equal weight basis, bone of the newborn contains only about
half as much calcium as adult bone (Shohl). The proportion is still lower in
fetal bone,

Precavrions 1N Correcrivg Boxe

The bone must be collected and stored under strictly aseptic conditions
There should be no history of recent infections, malaria, or jaundice. A
negative serologic test for syphilis is required Turner and Fleming showed
that treponemata of yaws and syphilis retamned therr motility and virulence 1in
rabbits after exposure to a temperature of —78°C. for at least three years.
At —20°C. survival of treponemata of syphilis did not exceed two months, Olitsky
et al demonstrated prolonged survival of a number of viruses in serum at —20 to
~30°C
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Hecords are kept in a card indes file such as shown:

Bose: Bask

DONOR'S NANT S HOSPITAL NOLG
NOURCT OF BONTE wicHr or posk®
RECENT INFICTIONS, IMSTON OF JAUNDIOY
SITOLOGY' MISTONRY OF MALATIA:

DATE STORED?
Tharmrst
NAMT: HOSPITAL NO.:
Or1 MATION:
DAY UNID

* e weight of the bone & recorded chiefly to give an index as to the amount of bone
present in the bottles,

At the New York Orthopacdic Hospital it has been the policy not to use bone
until 1t has heen stored for two weeks, during which time the donor has been
assessed as free of infection. Cultures are not made routmely, but as indicated.

Prreanation or Bosr ron Stonacr

Alfsoft tissue and cartilage are removed from the bone prior to storage. The
size of the transplant to be used is determined at the time of operation, there-
fore large picces are stored. The bone is placed mn stenle sets of dual bottles
which are properly Iabeled (Fig 8) Such prevent i in
the handling of the bone, evaporation, and sudden changes of temperature.

Mretiops oF Stomack: oF Bovi,

Direct or Immediate Grafting. Bone may be obtained from other patients simul-
tancously treated by operation, or from relatives who are admitted to the hospital
for this purpose; it may be transferred dicectly from the donor to the recipient.
Our records indicate that this method of transfer has been used in 15 instances
for homogenous transplants and in 9 mstances for syngenesious transplants.

Delayed Grafting Delayed grafting, whether or | o
imolses the stonng of bone in the tissues of a patient for use in secondary
operations. This method has been used fully in our i on several
occasions, hut will rarely be necessary in hospitals which have instituted a
method of preserving bone in a bank. Key (1928) and Moore (1949) noted suc-
cessful results i the use of delayed grafts,

Refrigeration. This is a convenient method of preservation. For tissue which is
to be used in man, the temperature and duration of storage are important.

(a) Ordinary Refrigeration (2° to 5°C.): Bone may be stored at this tempera-
ture for periods up to three weeks.
lhr(zhn)gllx)z?(gc}:ir;z,i:lngﬁf,;:“g? np[;;]oxim.?ttcly) : x\ft'cr this method was well tested
and has been in comt:m){ u;z aslilnczrsc,'\lrl“ n;QT(: mBl“Cd I U‘Ll;"C"lOd o oolee

arly . Bone may be stored for an

indefimte period by this method. One of th i
¢ X e writers successfully used b
which had been stored for over one year. ' e
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Fic 8A—A set of storage bottles witl plastic serew caps, labels, rubber shecting, and two
rubber bands, bled prior to Tavi

ppmg

Fic 8B.—Stenle storage bottles containing bor
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Merthiolate: Bone Bank. Reynolds and Oliver have recently reported  the
presensation of hane in agqueons merthiolate. The bone is collected aseptically
and placed in a solution of 1:1000 merthiolate [or two weeks, The bone is then
stared indefinitely fn a 1:5000 <olution which is changed every two weeks, Their
evperimental studics performed on long bones of dogs were convineing as to
the success of this method. The methnd had previously been used with satis-
faction by O'Connor and Pierce, and by Brown and McCarthy for the storage
of cartilage. (Peer has reparted an the preservation of cartilage in 30 per cent
alcohol.}

Rrcest Castcar Rusta s wirn Hovoar sous Bose,

Wilson in 1947 reported the use, smee early i 1916, of preserved frozen hone
from 40 donors in 30 operations upon 25 patients. The hone, after preservation
ina deep freeze umt maintained between ~10° and —20°F, (-23° to —29°C.),
was used as small chips to pack bone cavities or to reinforee varions types of fusion
operations, espeaially of the spine: Noanfections or foreign body reactions occurred.
From a chnical standpomt he considered the results to be entirely satis-
factory, and as near as could be determmed by clinical and histologic study
the behavior of such bone after transplantation was similar to that of fresh
autogenous bone In both cases the bone was resorbed and transformed nto
Inang bone entirely as the result of action of the host tissues, Wilson noted in
1948 that this method had been used in more than 50 cases. At the meeting of
the Amencan Orthopedie Association on May 19, 1919 he reported experience
in over 200 cases with results which were ghly satisfactory and compared
favorably with those attamed by the use of autogenous bone.

Alldredge, while m an Army General Hospital, collected bone from clean
amputations and stored 1t an ordinary refrigerator. The bone was placed in
glass jars contaimng saline and sulfamlamide. The use of this bone was not great
enough to warrant conclusions, but was sufficient to suggest further expenimenta-
tion with the method. His series of cases proved that transplanted homogenous
hone gave good results i a agh percentage of cases Fafteen cases were discussed
more fully following Henry's paper

Henry reported the use of homografts in children, particularly the use of
dual grafts i tibial defects, and the discussion which followed indicated incereas-
ing use of homogenous bone, meluding bank bone

Reynolds and Olwer reported 36 cases m which bone transplants presers ed
m merthiolate had been used These included spimal fusions, arthrodeses, and
repair of bone defects These authors believed that the results were comparable
n every way to those obtamable with fresh autogenous grafts. Drainage per-
sisted 1n one case of active osteomyehtis and the grafts were removed in another
case of osteomyelitis,

Dn\gga:ﬁx;es‘rses;;:(;(:) tl;gx:;:]gen:]usﬁl;ozr; ;‘)n the frEzj(cln state frm.n 49 operations
The o;;ntmm were varied E)l?l s e. Th ers 100 oo dry see t\v.(\ e

2 ype. There was 100 per cent success in jomnt fusions
and 725 per cent success in nonuntons, while the entire group showed 826 per
cent success. There was an nfection rate of §1 per cent. The authors fo&nd
very satisfactory results where chip grafts were used, but massive cortical grafts

ances,
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were less successful. Weaver's conclusions, in an honest evaluation of his results,
coincrdes with the writers, i that frozen iomogenous hone has a definite place
1n orthopedic surgery but it also has its limitations.

Speed and Smith, in their sccond edition of Camphbell's Operative Orthopedi
report the use of homogenous bank bone in 30 paticnts Grafts were used for
internal fixation, fillage and massive grafts, and spinal fusions Time of observation
did not permit final conclusions

One of the authors (L.F.B.) has used frozen homogenous bone in 39 operations
from 55 donors at the Geisinger Memorial Hospital. The operations meluded.

Spinal fusions 22
Onlay bone grafts 10
Bone cysts 4
Arthrodesis of wrist 1
Osteotomy of femur 2

There was one wound infection following spinal fusion in which only a few
chips were extruded and complete fusion eventually resulted. Two onlay grafts
refractured, probably hecause of too early weight-beanng. Added precautions or
Tonger periods of immobilization are now employed for all patients in whom
the massive onlay grafts are used.

The use of bank bone at the New York Orthopaedic Hospital is shown in the
following table Refrigeration at 2° to 5°C was employed earhier and was super-
seded by the freezing method in 1946,

TABLE Il
Use or Bose BANK 1¥ 223 OPERATIONS
(NEW YORK ORTHOPAEDIC HOSPITAL)

Refrigeration
2°905°C.
Total patients 25
Total donors a3
Total patients’ operations 30
Operattons
Spine fusions
scohosis 2
lumbosacral 1 22
X(‘;’mr pseudarthrosis 1
tuberculosts
Miscellaneous (Fracture, hemivertel X kyphosis)
Bone cysts and osteitis fibrosa
Ench}(‘)m]::ima
Epiphysiodesis
Fibrons dysplasia 1
Osteotomy
Arthrodess, wnist
Repair psendarthrosis
Ununited fractures 2
n osteogenesis imperfecta 3t
Complications
Infections N
Fracture of onlay graft
Failure of soft tissue coverage
© 43 autog, transplantat 73 h 1
1 Snuth’s operations: 1930, 1933, 1942

1919 1910 e b ma -1 55

to

-
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Areview by J. P Miller in 1915, of New York Orthopacdic Hospital patients
in whom frozen homogenous bone was used, disclosed that enly 36 of the 73
scoliotic patients fused by this methad hiad been followed long enough for
adequate evaluation. In this series there were eight pseudarthroses, equivalent
ta an incidence of 22.2 per cent The 22 lumbosacral fusions were incompletely
studied, since some af them had not been observed long enough to pernit the
taking of valid flevion and extension films, Suffice 1t to say, however, that in a
review of § of these cases, 0 pseudarthroses were discovered, 4 being in the

A B c

Fi. 9~(A) Enchondroma of fourth metacarpal head, female, age 29 (D) Twenty-cight days
after operation of curetting and packing with homogenons spimal bone claps which had been
presened 17 days at —23° € (C) Fifteen months after operation, excellent repair.

LA-L5 region, and 2 being in the L5-S1 region In the operations for the repair
of pseudarthrosis of the spine there were 11 cases. There were 4 failures in this
series, equnalent to an madence of 363 per cent All low backs had carly
ambulation with screw fisation Patients with a failure of spinal fusion as
demonstrated by flevon and evtension roentgenograms did not necessarily
manifest failure of fusion chmeally, makng for some confusion, smce a similar
study of flexion and extension views hefore the period of bank bone had not
been made. The end results of the fusion for tuberculosis are not reported
owing to insufficient duration of follow-up which m our estimation should be
at least two years In the remaining types of cases, there have been no failures,
In attempting to evaluate the end results of grafting procedures in which
stored bone has been used, it is mmportant to realize that in almost every case
there has been a combination of both preserved bank bene and immcdi:uc
ﬂu‘.‘)genous bone taken from the local operative area, the Hibbs type of s i;nl
f“SlOn being reinforced with bank bone Another vartable in almost eve pcq;
is the relative amount of each of these types of bones, an estimation ofr)\,v};' ]e
f’"l}’ t_hc operator 15 capable, and that to a Iimited degree For the above reas .y
it is impossible to make any definite statements as to which of the v:‘u:;:s,

s -
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were less successful Weaver's conclusions, in an honest evaluation of his results,
comncides with the writers’, in that frozen homogenous bone has a definite place
in orthopedic surgery but it also has its limitations.

Speed and Smitl, in their second edition of Campbell's Operative Orthopedics,
report the use of homogenous bank bone in 30 patients Grafts were used for
mternal fisation, fillage and massive grafts, and spinal fusions. Trme of observation
did not permit final conclusions.

One of the authors (L.F.B.) has used frozen homogenons bone 1n 39 operations
from 55 donors at the Geisinger Memorial Hospital. The operations included.

Spmal fusions . 29
Onlay bone grafts
Bone cysts
Arthrodesis of wrist
Osteotomy of femur

There was one wound infection following spinal fusion in which only a few
chips were extruded and complete fusion eventually resulted Two onlay grafts
refractured, probably because of too early wcighbbcnring. Added precautions or
Tonger periods of ymmobilization are now employed for all patients in whom
the massive onlay grafts are used.

The use of bank bone at the New York Orthopaedic Hospital is shown in the
following table. Refrigeration at 2° to 5°C. was employed carlier and was super-
seded by the freezing method in 1946

=k
19— o DL

TABLE II
UsE oF Bone Bank v 223 OreRATIONS
{NEW YORK ORTHOPAEDIC HOSPITAL)

Refrigeration Freezng
2°to 5°C. ~25°C
Total patients 25 162
Total donors 33 203
Total patients’ operations 30 193
QOperations
Spine fusions
scoliosis 22 118°
lumbosacral 1 22
repair pseudarthrosts 1 15
lu{:crculmis . .. N lg
4
1
Epiphysiodesis 1
Fibtos dysplasa 1 2
Osteotomy o
Arthrodesis, wnst 2
Repair pseudarthrosis 1
Ununited fractures 3 a
m osteogenesis imperfecta 3t
Complications
Infections S 2
Fracture of onlay graft 1
Falure of soft tissue coverage 1

© 45 autogenous transplantations, 78 homogenous transplantations
1 Smuth's operations. 1830, 1933, 1942
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ConruicaTions

nlf “‘an‘l(‘.\ﬁ("l‘ ('lll.‘)“lll('fl'd in l]l(’ warious serics U{ (7[)("1\"\ ¢ pr(K‘(‘dur('t
compare favorably with thoswe of 4 similar series of operations in which autog-
enous transplants were wsed Such unportant factors as the statos of the
recipient bone, pre-custent infection, soft tissue coverage, and the loeal blood
supply play parts in the success of any transplant. The failure of massise onlay
cortical transplants s apparently due to the longer peniod required for these
transplants to hecome a g part of the host. Such transplants should be
protected for a longer period than normally expected for autogenous transplants.

RN

i

5

F::_.l\ —Spinal fusion dny of Yomogenous thae bone, prescnved preoperatnely 11 days at
—25°C, reconered for study 126 days following transplantation Male, aged 12 necrows and

partial erosion of transplant considcralile appositional immature bone present

EvaLuation
The fechng at present 1s that the bone bank has a defimte place in an jnsti-
tution which 15 dong a large amount of elective orthopedic surgery. Stored
bone is useful in those patients whose condition does not warrant an extra
operation for the removal of autogenous bone, and in patients, particuhﬂ‘-
seolioties, from whom sufficient bone can be removed at a first st:;ve (9 er'lltio}
for use n that stage and 1n subsequent stages, the bone being stored m tﬁc b :
m the interim, In the evaluation of our own end results C'clinit:nll' we ]ntmv
seen no appreciable change 1n the madence of pseudarthrosis whel’l’con .“cl
with smzllﬂr cases i which more conventional methods of tmnspl.\m'\lim:l)\tr‘c(
\SJ;Z(‘llidFllnally, it is our opmion that bank bone, homogenous or :\‘um"cnol;:
»¢ regarded as a substitute and is not to be considered as cmc?c :

the immediate autogenous transplant. ot as
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elements has been responsible for the success or failure of any given case
Simularly we are unable to make any accurate comparison, chnically, between
stored bone and other types. In our clinical scries there are just 4 instances of
pure homogenous transplantation of stored bone. Only homogenous bone pre-
served by freezing was used in one case each of enchondroma of the finger,
ostertis fibrosa of the fibula, bone cyst of the tibia, and fibrous dysplasta of the
ulna. That this type of bone was utilized effectively is shown by the follow-up
roentgenograms (Figs. 9 and 10). For comparison there are 2 eases of bone

Fic 10 —{A) Ostestis fibrosa of the fbula, with mant cells and old hemorrhage 1n a female aged

6 (B) Four days after operation of currctting and packing with homogcnous 1hac bone clups

which had been presered 42 days at —25°C {C) One hundred and forty days after vperatwon,
(D) One vear after operation, excellent repar

cyst in which fresh syngenetic bone was transplanted directly from the parent
donors with excellent results, and a case of giant cell tumor in which there was
recurrence following direct transpl of fresh syngenetic bone, In these
few cases one could not ascertain that there was a difference in the relative
behavior of the fresh syngenetic and the frozen homogenous transplants. Histo-
logie exammation of our few recovered spial fusion chips of homagenous bone
which had been stored by the freezing method showed necrosis of the trans-
plant, appositional new bone formation (Fig. 11), and creeping substitution,
a picture sumilar to that given by direct homogenous transplants and by homog-
enous transplants which had been stored in an ordinary refrigerator.
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COMPLICATIONS
The complications encountered in the various series of operative procedures
compare favorably with thase of a similar series of operations in which antog-
enous  transplants were used. Such important factors as the status of the
recipient hone, pre-existent infection, soft tissue coverage, and the Jocal blood
supply play parts in the success of any transplant. The failure of massise onlay
cortical transplants s apparently due to the longer period required for these
transplants to become a living part of the host. Such transplants should be
protected for a longer period than normally expected for autogenous transplants,

- -
L.

Fic 11 —Spmal fusion chi 1 a
—25°C, recovered for stu . s at
partial eroston of vous and

EvaLuamion

Tlle feeling at present 15 that the bone bank has a definite
tution which is domg a large amount of elective orthopedic surgery. Stored
bone 1s useful in those patients whose condition does not wu!m%)!)- ?ru
Upcrniton for the removal of autogenous bone, and in pntients‘ ::" (]“m
scohotics, from whom sufficient bone can be removed at a first st"\ El‘; o «:‘TI)'
gzr glll,s: ::tz]:,a,:] st;\gedmd 1{1 1subs.cquem stages, the bone bemg storc;lgilx tgir?);::
in the » npprecn&e 1Ceh evaluation qf our own end results clinically, we have
Seem o obp cqs; bl w;r.]%e in the incidence of pseudarthrosis when compared
o Fm““y‘ o in v 121 more conventional methods of transplantation were
hoetd e re{;arded - s{:lrslzl:“::ﬂt (lIm.nk bone, homogenous or autogenous,
the immediate autogenous trnnsplan‘tl.n {5 mot €0 be considered as elficient as

place in an insti
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INTRODUCTION

mscusstox of all aspects of hone physiclogy, aside from its length, would

be difficult to prepare becanse of the many disagreements among investi-
gators. Our present knowledge of this subject is solidly sceured in some ficlds,
open to debate m some, and completely lacking in others, The present discus-
sion wal} concern some pertinent features of bone grawth, nutetion, regencration,
and infeetion in the light of present knowledge.

Besides providing structure and support for the body, the sheletal system
plays an important role in the chemustry of the body, The metabolism of calcium
and phosphorus 1s closely identificd with that of bone. Protein forms a major
part of osscous tissue. So many factors are known to play a part in the growth
and development of the bones, that it 1s difficult to understand the function of
each of them.

It 15 known that amno aads, glycogen, minerals {particularly calcium and
phospharus ), many of the vitamms, and nearly all of the hormones play some
defintte role in the development and mamntenance of bone. To understand the
mechanisms involved in normal hone formation, it has been necessary to study
abnormal bone formation The study of pathologic processes has often aided
in the understanding of normal processes.

That there may be actual | chemical abnormalities, just as there
are congemtal physical abnormalities, is a factor which may have been over.
locked in the past Examples of chemical abnormalities which may oceur in
the body are.” vitamin-D-resistant rickets and pseudohypoparathyroidism. In
?seudohypopamlhyrmdlsm, 1t 15 thought that the disturbance, which is similar
in character to hypoparathyroidism, 1s due not to a lack of the hormone but to
an mability to respond to 1t (Albright and Reifenstein).

STRUCTURE AND COMPOSITION OF BONE

Along l'mne 1s composed of a draphysis or shaft, within which is the medullary
cavity. Diaphyseal bone 1s compact. Here the haversian systems are closely
.
A report based on a entical review of published tesearch, 1940-1948.
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the provimal epiphysis closes first. and here the nitrogen content is lower than
it is at the distal epiphysis, The Towest nitragen content area in both. radine
aund ulba s to be found in the same anatomic eross seetion. Almost identical
values i both bones are to be found as one progresses distally, because hoth
radius and ulna have the same rate of growth at the distal epiphysis. Progress.
tag provimally, the same is teue 1f one takes into cousidderation the varistion
m the growth of cach bane in the proximal direction: The olecranon process
produces the diserepancy.

They conclude that newly ossified boue has a fairlv constant nitrogen content,
which tends to show a gradual decrease s the bone matures. Tn other words,
the older the part of the bane, and the older the bone, the greater the ash content,
within certain defimte linuts The mtrogen content i the region of tberosities is
shghtly decreased This they beheve may be explained by the fact that museles
attach in these areas,

Bone development accurs by ntramembranous ossification or by cartilaginous
ossification  Intramembranous bone anses direetly from the mesenchymal cells,
The development is most suitably studied in the flat bones of the shull. Here
mesenchymal cells differentiate, osteoblasts appear, and the interstitial sub.
stance which is formed acquires the property of being calesfied (Mavmov and
Bloom).

Intracarthilaginous ossification occurs in the greater part of the sheleton Most
bones are preformed an hyaline cartilage, The early cartilage models resemble,
to some extent, the form and structure of future bones. Periostenm may develop
as a tube around the cartilage model. The hyaline cartilage within undergoes
degenerative changes and disappears Tt as replaced by bone.

The process begins with enlasggement of the cartilage cells The matrix adjacent
to the enlarged cells 15 calcificd. Blood capiilaries and mesenchymal cells enter
the distended cartilage capsules. The mesenchymal cells in contact with the
cartilage matrix become a laver of osteablasts Osteoid develops on the caleified
matnx. The preformed cartilage model is thus invaded and transformed to a
bony model with marrow spaces, compact diaphysis, and cancellous metaphysis,

BONE GROWTH

John Hunter in hus m estigation on bone growth m the middle of the 18th
century 1mplanted metal pellets m the shafts of long bones and concluded that
linear growth occurred only at the epiphyses. He thus founded the modemn con-
cept of bone growth.

At the bone ends, growth in length oceurs by a process similar to that alr
described The cartilage cells proliferate, align themselves 1 columas, de
and are mvaded. The itercolumnar matrix is caleified, and oste t
down upon the spicules

When the epiphyses appear, a cartilagmous plate,
between epiphysis and dmphysls. It 15 this plate w
part m the future longitudinal growth of the
this plate 1s replaced by bone,

- . ;
There are at least three sources of evidence which indicate

eady
generate,
oid tissue is laid
t!nc cpiphyseal plate, 1emaing
hich plays such an important

bone. When growth js complete

that linem growth
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packed, with intermediary systems filling 1 to form a solid supporting mass
(Maximov and Bloom).

The epiphyseal areas are composed of spongy or cancellous bone. Definite
systematic arrangement n spongy bone is not always discernible Here the
trabeculae are loosely interwoven m irregular bony spicules,

Both spongy and compact bone are bemg continuously remodeled. The
remodeling 1s most active during growth and continues even after full growth
has been reached, but at a slower rate. It has been shown that in 50 days, 29
per cent of epiphyseal mineral elements, and about 8 per cent of diaphyseal have
been replaced (Hesvesy et al.)

The haversian system may be considered as the basic structural unit of bore.

TABLE 1
Nrtrocen ConTenT oF Bone (v Gar Per Cea)
Ammal Calf Stecr Cotw Bull

Age dwecks 2years Byears Sycars
Area near proumal 532° 474t 464t 4434

epiphysis of radws Epiphysis apen
Center of diaphysis 424 370 374 350

of radius
Area near distal 537° 525 486 476}

epiphysis of radws

 Epiphysis still open.
1 Epiphysis close(f,

It comprises a central canal surrounded by lamellae composed of a hard inter-
stiial substance

In the lamellae are lacunae containing osteocytes, Small canaliculi communi-
cate with the lacunae and the central canal These canaliculi probably serve
to mamtamn bone nutrition.

The hard mterstitial substance is composed of protem, minerals, and water.
Osteocollagenous fibers, running in diffs m duff 1
(usually perpendicular to each other m alternating lamellae) are united by
a binding substance in which the caleium salts are deposited (Ruth). Caleum
and phosphorus comprise the greater part of the ash content of bones.

Strobmo and Farr have studied the variation of the ash and nitrogen content
of bones Their studies have led them to conclude that there 15 a definite pattern
m the relationship of ash to mitrogen, particularly in the shafts of the long
bones. They believe that the nitrogen content bears a direct relationship to
the age of the ammal

In Table I the nitrogen of diaphyseal bone shows a declme as the age of
the anmnal increases Conyersely, the ash content shows an increase.

Strobmo and Farr point out further that in the mid-portion of the radius, where
the center of ossification was to be found, the nitrogen content js always the
lowest. As one approaches the epiphysis the content increases In the radius
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cetarded in Jong bones than linear growth (Phemister, 1935). Annstrong severed
portions of the brachial plevas in rats and noted that appositional growth was
reduced mare than epiphyseal growth,

Tn bane growth and regeneration three clements are involved; the cells, the
organic matrix, and the mineral salts, The role of the osteoblast has been vari-
ously interpreted To one group of workers this cell is a connective tissue variant
withont any specific hone-forming property Leriche believes hone formation
requires only the creation of an ossifiable connective tissue medium and the
<etting free of morganic salts in the vicinity of this medium. Such a process re-
quires a prohferating tissue of an embryonal type, provided in growing bone
by vascularization and resorption of the cartilage, and in healing bone hy the
organization of a clot. The osteablast according to this theory is a connective
tissue cell, swollen as a result of its meorporation in a bone forming medium,
This theory accepts the conception af osteoblasts plaging a part in the praduc-
tion of phosphatase which. when acting on complex arganic phosphiorus, releases
phosphate 1ans Ieading to precipitation of calcium phosphate in the osteoid or
osstfiable medium.

More recently most i estigators have found the osteablast plays a more active
part in bone formation. Thev assign to the osteoblast the ability to form osteoid
tissue, as well as recognizing sts unportance in the production of phosphatase
Expenimentally, both periosteum and endosteum will form bone in citro wiile
a culture of simple fibroblasts never forms bone, In humans with osteogenic
sarcoma, the metastasizing osteoblast shows a marked inclination to form osteoid
and bone in its new site.

New hone formation occurs only in newly formed undifferentiated connective
tissue. It wall not occur in fully differentiated tissue. Unst and McLean have
shown that the newly formed osteoid tissue seadily accepts salts, and that a
stage of osteord refractory to mneral salts is not physiologically typical of bone
formation Under certam abnormal conditions such as rickets, the ostcoid stage
is marked In human growth osteoid is only occasionally encountered, but in
fractures this stage may be more promment.

The mineral content in the case of growmg bone 1s probably borne to the site
of production by humaral means In regenceration of bone following fractures, or
m transplantation of bone, there 1s also a local transfer from adjacent hyperemic
bone and perhaps from nearby necrotic fragments The stimulus for deposition
of the precipitate may be dependent upon enzyme action through which the
ﬂlfld n rfe]atmn to the area of cellular activity becomes highly supersaturated
with calcium phosphate A principal actor in this enzyme reaction is phosphatase,
acting on a substrate of vartous phosphoric esters. In addition to the osteoblast,
proliferating, cartilage cells and the cells of the osteogenetic layer of the peri-
osteum produce this enzyme.
re;lr',lrl;h[;;ogislsmlr)]); ,‘:hml‘l tbonells resofrll))ed is not clear. As stated above, the

hape The oo e th;mo 1:1 eglratnnrt of bone gnfn\vth and the formation of bone
its presence 1n the vxcimst eo; ast in resorption of bone has bcfm challenged and
y of resorption 15 considered sequential. Decaloifi
probably never occurs (OBrien and Morgareidge,

:ESOIbed, 1t 1s removed n foto, mineral content and

aneously removed (O'Brien and Morgareidge).

cation
McLean). When bone is
organic matter are simul-
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occurs only at the ends of long bones The employment of artificial markers in
the shaft has repeatedly corroborated Hunter’s original experiments. The feeding
of madder to experimental animals and later noting the distribution of the dye
in newly formed bone has resulted in similar conclusions (Payton; Brash). Lastly,
use has been made of the lines of increased density, often seen in growing bone,
by observing and measuring the migration of these lines by roentgenograms
(Brash).

Madderization of experimental animals has shown also, that increase in length
results primarily from new bone formed between the disk of growth cartilage
and the metaphysis, and that linear increase from the epiphysis itself is not
significant, Increments of length are unequal at both ends of long bones. The
greater increment occurs at adjacent ends of the tibja and femur and at the
remote ends of the radus and humerus (Payton).

Payton and Siegling have shown that the cpiphysis does not grow at its junction
with the cartilage plate. This area is inactive. Actual growth of the epiphysis
occurs beneath the articular cartilage adjacent to epiphyseal bone. Here a slug-
gish type of enchondral hone formation occurs with the basal layer of swollen
hyaline cartilage cells of the articular cartilage forming rows and being replaced
by bone.

Circumferential growth 1s always intramembranous (Brash), New deposits of
bone are constantly being added from the periosteal cells lining the cortex by
a process of accretion This process provides an explanation for increased cir-
cumference of a shaft but provides no answer to explain growth of the marrow.
If this accretion were not accompanied by a resorptive process on the inner side
of the shaft, all growth in the transverse diameter would be represented by
cortical bone with the marrow occupying a fived area throughout life,

This absorption of bone accomplishes another purpose. It is probably respon-
sible for the shaping of bones and gives them their mdividual anatomic con-
figurations. Brash has termed this process “modeling absorption” and it occurs
on all bone surfaces, both of enchondral and intr branous origin, Modeling
oceurs rapidly during growth and slowly in the adult.

An excellent example of this modelmg process may be seen in any long bone.
The epiphyseal cartilaginous disk is located in the flared end of the bone. The
new bone formed from the cartilage plate is wider than diaphyseal bone. Such
bone 1 the course of its migration into the narrower diaphysis must lose girth
and it does so by absorption and accretion, In some forms of dyschondroplasia
the ternunal flare of a long bone is lost owing to the failure of modeling. Ex-
perimental evidence indicates that vitamin A plays a role m the remodeling
process independent of its action on the linear growth of bone, but apparently
related to cartilage cell cytomorphosis {Wolbach, 1934).

Growth m membranous bone is by surface aceretion together with an absorp-
tive process which gives shape. The radius of curvature of the bones of the
cranial vault continually changes during growth by virtue of such surface
changes and allows an increasing cranial capacity.

Chinical cxperience suggests that enchondral ossification, which phylogeneti-
cally precedes intramembranous ossification, is more resistant to environmental
vil les than the L type. In pohomyelitis, Still's disease, or
bone atrophy resulting from other causes, circumferential growth is more severely
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erate, Degeneration of the mature cells proceeds to a certain extent. The matrix
is densely ealeified for the depth of a few cells, and ey entually a thin bony plate
is formed across the surface of the epiphyseal disk on the metaphyscal side.

Tir Rotr: or Carctuar v Bosi Nururnios

Calcium is one of the essential budy minerals Practically all of it is to he
found in the sheleton { Pecher). The abnormal reduction of caleinm in the dict
will retard growth and lead to a voluntary decrease in food consumption
(Boclter and Greenberg). A low-calaum rickets will result, The bones are
light in weight, and the calcium content s diminished.

Testoring, calcium to the diet will help to restore the health of the animal,

T Rowy or Prosrnionvs i Bost Numwmios

With a reduced intake of phosphorus a similar condition is noted. In this case
a low -phosphorus rickets develops, even thongh vitamin D and ealeium are given
m amounts normally required (Follis et al.).

In rats on the phosphorus-restricted intake. most of the endocrine glands
show some lustologic evidence of atrophy.

Tur Bowr or T Virasnss

Three of the vitamins, namely A, C. and D. have been shown to affect bone
directly Others may have an indirect effeet The vitamins of the B.compley are
thought to affect bone by the part they play in general nutntion. In these
deficiencies the epiphyseal plate mav be narrowed and bone changes occur
which resemble the conditions found in manition (Wolbach and Bessey).

The studies of Warkany ¢t al have emphasized one significant feature They
have been able to produce rats with congenital anomalies by feeding prchmn‘t
females a deficient diet. The deficient substance responsible for the anomalies
is, he believes, nboflavin,

Baby rats were produced with such sheletal abnormalities as short mandibles,
fused nbs, shortemng or complete absence of the radiws, ulna, tibia, fibula,
metacarpals, and phalanges. The malformations were shown to date back to the
cartilaginous or precartilaginous stage of the structure affected. Defects of ossifi-
cation were secondary to cartilagimous deformities, endochondral ossification
was frequently delayed and faulty

The bones most commonly affected are indicated in Table II,

TABLE II
FreQuency oF Osseous DEFECTS 1n 100 CLEARED ABNORNAL SPeCIveNs
Tiba 93 Ulna 50
Mandible 80 Ilumerus 34
Ribs 75 Hindfoot a1
Fibula 63 Mavilla 8
Radus 58 Scapula 6
Hand 51 Clavicle 6
Sternum 52 Femur 1

Vitamin A In vitamin A deficiency, the most obvi

ious bone changes o i
the young (Wolbach). The epiphyseal disk becomes thinner as t%]e c::tlillraéz
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The problem of bone growth and regeneration is complex, involving not only
an increase m size but also alteration of form, The directing influences of such
features of bone growth are not understood. Heredity and mechanical and
endocnine factors have all been implicated, Fell and Robison demonstrated the
inherent capacity for bone to grow and differentiate without endocrine or
mechanical direction. Femurs of six-day-old embryonic chicks were grown in
titro m embryonic extract and plasma. Although the transplanted spectmen was
a rod of cartilage capped with an anlage of head and condyles, after three to
27 days of incubation, growth and differentiation had occurred and the normal
femoral configuration was approached.

Lacroix has demonstrated experimentally the presence of a humoral substance
in growth cartilage which when extracted in alcohol and 1njected in muscle pro-
duced a large osteoma together with all the components of growing bone. His
work would scem to prove that not only the organization and orientation of the

kel but alse 2 itself is under the nfluence of such an organizer
which may be elaborated by the growing cattilage cells.

NUTRITION

Dietary substances which produce changes in bone growth usually produce
changes in other tissues as well. If the endocrine tissues are affected i the
process, and they frequently are (Follis et al,, Wolbach and Bessey) the final
picture obtained may not represent a direct effect upon bone, but a supermmposed
effect produced by hormonal changes. There are many aspects to the problem
of bone nutrition that have yet to be worked out.

All vitamin deficiencies that result in sexere malnutriition (and this includes
most of them) arrest growth of bone. Malnutrition resulting from inadequate
amounts of a perfect diet also arrests bone growth Rats fed on a 50 per cent
restricted calorte mtake fail 1 their general growth and show a complete cessa-
tion of skeletal growth as well (Handler et al )

In general, young ammals are affected to a greater degree than older animals.
Skeletal growth 1s roughly proportional to general body growth In older animals,
whale sheletal changes most definitely do occur, the most obvious feature is therr
loss of weight

Ammals fed on a diet which is inadequate because it Iacks an essential amino
acid voluntanly tend to reduce their food mtake, even though ample amounts
of all other substances are supphed (Harns et al ).

The effects of these dietary disturbances are always to be noted in bone,
particularly in the region of the epiphysis, if growth has not stopped. The histo-
logic picture may vary, depending on several factors, among which are: (1)
the degree of the deficiency, (2) the duration of the deficiency, (3) the age of
the amimal (Silberberg and Silberberg).

The changes to be noted 1n the bones are the following. (1) the cortices are
thinner than normal, (2) there are fewer bone trabeculae present, (3) the
osteoblasts appear to be smaller and atrophic, (4) there is no excess osteoid;

(5) there 1s a decrease i the width of the epiphyseal plate.

The cartlaginous plate becomes decreasingly active. The cells do not prolif-
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It is in this arca, at the junction of the diaphysis and epiphysis, that the bone
is weakened, Fractures in this zane are to be frequently seen in severe cases of
servy. Then too, becanse of the fadure of formation and maintenance of
intereellular substance, the penosteum may pull away from the outer bony
surface,

That part of the bone wlich ts Jud down before the onset of scurvy is Jess
affected than that part which deselops subsequently (Ham and Elliot).

In the adult bone, changes m the form of osteoporosis become manifest.
Osteoclastic action continues while there 1s mterference with osteoblastic action,

Vitamin D, Vitamm D deficiency m the young leads to rickets, The histopatho-
logie picture has been desertbed (Freeman and McLean) At the epiphyseal
plate the followmg changes are noticed. the cartilage matrix fails to calefy;
the resorption of the degeneratng cartilage cells s retarded and arregular
there 15 apparent widening of the plate, the cell columns are wrregularly amanged;
ostend tissue is lad down but at fails to calcify, or it calofies only in part,
depending upon the degree of the defictency.

Because the osteord 1s not readily resorbed, the bone 1s not remodeled at
the epiphyseal ends but continues to remam m the abnormal expanded state
(Weinman and Schour). In the shafts, the depasition of ostemd proceeds appo-
sitonally and the cortices may thicken Osteoclastic action occurs, providing
that an osteoid border does net cover the normal bone systems and trabeculae.

The above changes are to be noted m nickets in the young or still growing
animal. After the ter of growth, 1 develops with vitamin
D deficiency. In this condition the calafication of osteoid laid down in the
normal process of remodeling 1s retarded.

The mechamsm by which vitamin D affects the growth of bone is not entircly
understood Whle 1t is generally believed that this vitamin aids in the absorp-
tion of calcium and phospliorus from the intestine, Greenberg believes that it
also has some direct effect upon the deposition of these substances in the bones
and Albright and Reifenstein believe that the hidney is involsed in the mechanism
in some way.

Hypercitammosis D. With the admmstration of large doses of vitamin D,
metastatic caleification mvolving many tissues may be found (Kaufman et al.).
If the caleification oceurs m the kidneys, renal function may be disturbed. The
exact nature of the disorder 15 subject to discussion (Tumulty and Howard).

It seems less likely that the condition results from actual toxicity of the drug
rather than from the usual actions of vitamin D. It is beheved that the tissue
necrosis is the result of a calaum and phosphate precipitation in the tissues.

Tue ExpocriNes: THEIM INFLULNCE ON THE SKELETAL SYSTEM

In attempting to describe the mfluence of the endocrines upon the skeletal
system 1o effort has been made to nclude a description of therr general metabolic
actions. It 1s understood that the bone changes which may be evident in
endocrine disturbances are but a part of the total picture. However, those
aspects of general endocrine physiology are not within the scope of this s’ub'ect

In the endocrine system the pituitary 15 the master gland. Not onl doés t
control growth directly by its somatotropic hormone, but it also inﬂuenies manly
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cells cease to divide, Eventually a thin bony p]a(e is formed across the diaphyseal
side of the epiphyseal cartilage. With the cessation of endochondral growth
remodeling also stops, but appositional bone formation may continue in con-
formity with normal growth patterns.

The long bones of an A-deficient animal are shorter and thicker than normal.
The shortening results from the fajlure of endochondral bone growth. The in-
creased thickness is the result of continuation of appositional growth, and also
of the failure of remodeling to occur near the epiphysis.

In some species, the skeletal growth stops before the growth rate of the
ammal as a whole., Wolbach believes that the central nervous system continues
to grow in animals after the cranial cavity has ceased to enlarge. It is this dis-
crepancy which leads to overcrowding, buckling, and herniation of the nerve
roots, resulting in paralysis, Mellanby, on the other hand, has stated that the
pressure on nerves is produced by continued irregular appositional bone growth.

When excessive doses of vitamin A are administered to young animals, there
is an acceleration of growth processes in the bones. There is rapid consumption
of the epiphyseal cartilage and in some specics the epiphyses close prematurely.
Normally the distal femoral epiphysis in guinea pigs will close in the 30th week.
Vith excessive amounts of vitamin A it can be made to close in two or three
weeks, There is a retardation of growth, and a decrease in food consumption.
Remodeling of the bones, which is closely related to their growth, is greatly
accelerated in some spectes. There 1s an increase in the number of osteoclasts
as determmed by the dosage of vitamin A. Remodeling may be so accelerated
that fractures are easily produced. The occurrence of fractures is accounted for
by the extensive loss of cortical bone before the newly formed osteoid has
acquired sufficient firmness to withstand normal stresses and strains

Vitamin C With reference to bone, the fundamental disturbance in scurvy 1s
the faillure of normal osteoblastic activity (VWolbach and Bessey). Osteoid is
either not produced, or it 15 produced in a defective form Man, monkeys, and
guinea pags are said to be the only animals unable to synthesize this vitamin

It is m the region of the epiphysis, where longitudinal growth of bone is
occurring, that the effects are most obvious Here the cartilage cells continue
therr usual process of division, maturation, and degeneration. The cartilage matrix
15 calcified normally Blood vessels enter the degenerating cells. The zone of
calcified cartilage matrix continues to widen but no ostcoid is laid down in the
area as it should be normally. One can only find capillaries and connective
tissue cells.

Tt : st - * there is detritus,

issue cells about
. piphyseal lesions
are produced by the strains of ment, for immobilized estremi-
ties are without the usual micro-fractures and debris In these cases the true
prcture of scurvy 1s without the added effect of trauma. No osteoid or bone
is found on the calcified cartilaginous lattice Myeloid elements are to be found
in the lattice area. There 1s no prolferation of connective tissue cells, no fibrin-
like material, and no hemorrhage present m the metaphyscs of the legs of guinea
pigs protected with plaster casts

Tanioal
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considerable periad, There is interference with the gm\vlh.of cartilage. The cpi-
physeal plate becomes thinner, There is o decrease illl the size and ‘!)Ic numhcl" of
cartilage cells. The matriv w il become deeply calcified on the (]I.l]))l)'sl'.f‘ side,
and bone trabeculae grow wp to seal off the cartilage cells from favasion by
Dblood capillaries. In this manner the cpiphyseal plate is sealed off by cither its
own caletfied cartilage or bone (Becks et al).

Parathyroid Glands. The parathyroid glnds scercte a Yormone which has to
do with calcium and phosplarus metabolism. As these elements make up the
chiief nuneral constituents of bone, it is casily understood that disturbances of
the secretion of this hormone can be reflected by changes in the skeleton.

The mechanisms by whick the hormone acts have been debated for some
time, Albrght and Reifenstein believe that the chief mode of action is in some
way related to the excretion of phosphate by the Lidney. The changes in calcium
metabolism are thought to follow and to be, more or less, dcpcm'lcn! upon the
phosphorus metabolism. The content of calcium and phosphorus in the serum
is related to the reaction occurring at the bone surfaces where deposition and
resorption of bone are constantly taking place. The other theory of action
considers this hormone to act curectly upon bone (Colip et al.). There is some-
thing to be said for both of these concepts (McLean).

IIypoparalh_\'midxsm: In this condition there is a failure of the parathyroid
hormane production 1t may eccur following thyroidectomy if the parathyroids
are also removed. It has been reported in infants bom to hyperparathyroid
mothers. In some 1t may be idiopathic. The association of hypopnmthyrofdism
and moniliasis has been described (Sutphin et al.).

There 15 usually a decrease in both serum calcium and pl\osph:\msc, The
serum phosphorus is elevated.

The bone changes reported in this condition are not consistent {Emerson
et al; Drake et al ) There is apparently no delay in the appearance of the
ossiﬁcationAccnter& However, there may be either an increased or a decreased
bone density apparent on roentgenologic evamnation. The reason for this
degree of variation 1s not easy to comprehend (Albright and Reifenstein).

Hyperparathyroidism: Hyperparathyroidism is the result of overproduction of
the parathyroid hormone. All degrees of hyperfunctioning parathyroids are to
be found The disturbance may be marked or mild.

Parathyrord hypertrophy is thought to be related in some way to the calcium
mtake Rats on a low caleim, high phosphorus dict tended to develop hyper-
trf\phy of the parathyroids. On a Iugh calcium, Jow phosphorus regime they
did not (.Ham et al.). Apparently with a low serum calcium the glands over-
funchion in an attempt to restore the normal serum content of calcium. The
only obvious source of stored calcium 1n the body 15 the sheleton (Pecher).

Associated with hyperparathyroidism s an elevated serum calefum and
phosphatase and a decreased serum phosphorus. ’

(')stel.ns fibrosa eystica generalisata is the name given to the bone disease,
which if present, accompanies hyperparathyroidism Von Recklinghausen's na .
was onigsnally associated with the bone lesions. All vanations of br:) ion
are to be encountered, f ini o me rarefaction

ered, from the minimal to the most severe resorption of al

the entire skeleton. In the severe types compact bone may b P! almost

2 y be replaced by spongy



420 MONOGRAPHS ON SURGERY

of the other glands by specific trophic hormoues, thyrotropic, gonadotropic,
and adrenocorticotropic substances have been deseribed,

The system is made more complex by the fact that the other glands secrete
hormones which exert either stimulating or inhibitory influences upon the
prtuitary, and in some cases upon each other.

The failure of hormonal production may be complete or partial. The degree
of the deficiency will determine the cffect upon the structures affected. I, for
example, the somatotropic hormone of the anterior pituitary is partially lacking,
growth may be retarded. If 1t is completely lacking, growth will stop.

If there 15 a disturbance of but one endocrme structure, the changes produced
may be readily understood. However, not infrequently there is a disturbance
of more than one glandular structure. If two or more glands are invalved the
picture may not be clear-cut at all.

It 1s to be emphasized, too, that the changes wiuch are apparent in bones
will depend upon whether or not the epiphyses are closed or open, whether
the individual is young or mature at the time of onset of the condition.

Anterior Pituitary. The anterior pituitary produces a hormone which stimulates
the growth of the ammal dircetly. In those conditions in which growth of the
ammal 1s affected by pitwitary dysfunction, there may be over or underactivity
of the eosmophilic cells.

Pitaitary Gigantism: If overproduction of the growth hormone occurs while
the epiphyses are still open, an ncrease in the general body size is to be noted.
The growth hormone of the pituitary apparently stmulates the activity of the
epiphyseal plate (Bechs et al ) and also 1t tends to keep the plate open for
a longer period of tume than normal. The condition is termed gigantism. In most
of these cases a tumor of eosmophilic cells is to be found i the anterior pitwtary
(Selye).

The growth of the individual suffering from this abnormality is usually
symmetrical and proportional, but this 1s not always the case. The cramial cavity,
which enlarges as the brain enlarges, is not increased in size because the brain
size is usually normal The bones of the face and base of the skull may, however,
be enlarged

Acromegaly. If the growth stimulus should begin to act again after the
epiphyses have closed, then, of course, an increased longitudinal growth of the
hones is not possible, except to a hmted degree. Appositional growth, however,
can and does occur. The enlargement of the bones of the hands, feet, and face is
probably the most obvious feature. The mandible becomes acutely prominent.
The vertebral bodies are increased markedly in size. Here the new hone is
laid down particularly on the anterior and anterolateral surfaces of the body,
to give the appearance of a gant’s vertebra.

Pituitary Dwarfism: The absence of the anterior prtuitary growth factor will
lead to dwarfism. The degree of dwarkism depends partly on the age of onset

of the condition and partly on the degree of the deficiency. If, for example,
complete fallure of the growth hormone should develop at seven years of age,
the child would remain at the height he had obtained at that age.

The age of appearance of the ossification centers js delayed. The growth of
the skeleton 1s retarded. The epiphyses do not close but remain open for a
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cansiderable period, There is interference with the growth of cartilage, The epi-
physeal plate becomes thimmer. There is a decrease in the size and the number of
cattilage ccells. The matriv will become deeply calcified on the diaphyseal side,
and bone trabeculae grow up to seal off the cartilage cells from invasion hy
bload capillaries, In this manner the cpiphyscal plate is sealed off by cither its
own calcified cartilage or hone (Becks et ab).

Parathyroid Glands. The parathyroid glands secrete a hormone which has to
do with caleium and phosphorus metabolism. As these elements make up the
chief mmeral constituents of bone, it is casily understood that disturbances of
the secretion of this hormone can be reflected by changes in the skeleton.

The mechanisms by which the hormone acts have been debated for some
time. Albnght and Reifenstein believe that the chief made of action is in some
way related to the excretion of phosphate by the kidney. The changes in calcinm
metabolism are thought to follow and to he, more or less, dependent upon the
phosphorus metabolism. The content of ealcium and phosphorus in the serum
1s related to the reaction occurring at the hone surfaces where deposition and
resorption of hone are constantly taking place. The other theory of action
considers this hormone to act direetly upon bone (Collip et al.). There is some-
thing to be sard for both of these concepts (McLean).

Hypoparathyroidism: In this condition there is a failure of the parathyroid
hormone production. It may occur following lln)'rni(]cc(n'n)r if the parathyraids
are also removed. It has been reported in infants born to hypcrpamthymid
mothers. In some 1t may be idiopathie. The assaciation of hypoparathyroidism
and moniliasis has been described (Sutphin et al.), ‘

There is usually a decrease in both scrum calcium and phosphatase, The
serum phosphorus is elevated.

The bone changes reported in this condition are not consistent {Emerson
et al, Drake et al.}) There js apparently no delay in the appearance of the
OSSlﬁcﬂliOn.Ccn!ers. However, there may be either an increased or a deereased
hone densn(y' nppmrent on roentgenologic examination. The reason for this
degree of \'ﬂrmhm.l is not easy to compreliend {Albright and Retfenstein )

Hyperparathyroidism: Hyperparathyroidism is the result of overproduction of
the parathyroid hormone All degrees of hypcrfunctioning parathyroid o b
be found. The disturbance may be marked ‘or mild. yroids

Parathyroid hypertrophy is thought to be rela i . .
mtake. Bats on {1P10w (l:‘)ﬂ]{illm, higgh phosphon:s'egicxtn tsc(::],:d“t? dm e ealetum
trophy of the parathyroids. On a high calcium,
;hd not (Ham et al.} Apparently with a low

unction in an attempt to restore the normal se; .
only obvious source 5{ stored calcium inQ:;?; l];;t]r;."i]: lc](])mc: !] of calcium, The

Associated with hyperparathyroidism js an eIev'm’; et (P?Chcr)'
phosphatase and a decreased serum phosphorus, ’ serum. ealetum and

K » A panies hyperpnraﬂlyrmdism. Von R k) ( isease,
was originally associated with the bone lesions All variat o inghausen’s name
are to be encountered, from the minimal to the mnstl ‘ﬂ'hons of bone rarefaction
the entire skeleton In the severe types compact bone ;Ca‘»c;’e resorption of almest

Y be replaced by spongy

are to

evelap hyper-
low phosphorus regime they
serum caleium the glands over.
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bone. Newly formed bone may remain uncalcified. Osteoclasts are conspicuous
by their numbers. The marrow becomes fibrous in character. Fractures occur
frequently, but heal readily with poorly calaified callus. Distortions simlar to
those occurring i ostcomalacia may develop, Cysts in the bones are common
{Boyd).

Thyroid. General body growth 1s clearly related to the hormones produced
by the hypophysis and thyroid. The pituitary gland, by the action of its thyro-
tropic hormone, governs to a certain extent the activity of the thyioid. The
thyroid, in turn, is thought to influence the pituitary by its sccretion. With the
removal of the hypophysis, growth ceases. With the removal of the thyroid,
growth is considerably retarded, but may be stimulated to a certamn extent by
pituitary growth hormone, with resulting increase in size but no advance n dif-
ferentiation (Becks et al.).

Hypothyroidism. The disturbance of growth resulting from hypothyroidism
will depend upon the age of onset of the condition, If, as in cretinism, there is
a congenital absence of the thyroid hormone, dwarfism 1s the result, Growth is
considerably retarded. The ossification centers are slow to appear, The bone
age remains far behind the actual age Endochondral ossification occurs slowly,
so that cartilage may be present in the bones for a long time, The epiphyseal
plates remain open as they do in pituitary dwarfism and finally a thin layer of
bone is laid across the diaphyseal surface of the plate, sealing it off. Appositional
bone growth may continue, and therefore the bones are comparatively short
for their width.

Should hypothyroidism, develop m childhood (childhood myxedema), the
growth arrest 15 less obvious than 1t is in cretinism. It again depends upon the
age of the mdividual at the time of onset. The delay i the z appearance of ossifica-
tion centers is a promment feature. On r ination the
epiphyses may give the appearance of being fragmcnted, as if there were
multiple foci of ossification. The bone density may be subnormal (Wilkins and
Fleischmann),

Hyperthyroidism. This condition is apparently rare in children, The effects
noted on the growth of the child may be either acceleration or inhibition, depend-
mg upon the severity of the condition {Selye).

In adults, hyperthyroidism occurs more frequently in females than in males.
The age group 1s usually postmenopausal (fifth and sixth decades). Osteoporosis
is a common finding, and pathologic fractures may occur (Williams and
Morgan). There 15 a tendency in hyperthyroidism to a constant or intermittent
loss of nitrogen, caleium, and phosphorus (Barr and Shorr). It is believed that
the effect of the hormone on bones 15 not specific. The general catabolic process
probably accounts for the osteoporosis (Albright and Reifenstein, Selye). The
bone changes are not easily 1eversed after removal of the thyroid, but pain may
completely disappear.

Testes and Ovaries The differences in the adult male and female skeletal
structures have always formed the basis for the belicf that the sex glands had
something to do with bone development, Since the work of Keys and Potter
when they observed hyperossification in the medullary cavities of the bones of
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female pigeons it has been realized that the estrogens are in some way related
to bone formation. Albright has shown that both androgens and estrogens
influcnee the retention of calcium, phosphorus, and nitrogen.

The anterior pituitary through its gonadotropic hormones  stimulates  the
maturation of the gonads. If there is pituitary failure the hormones normally
produced by that gland would be absent or deficient, and as a result the gonads
would fail to mature, The primary deficiency resulting in gonadal hormone
failure, thercfore, may be in the pituitary gland or in the gonads themselves.

Hypogonadism. Eunuchism, resulting from castration, in young individuals
before the epiphyses have closed is associated with moderate gigantism {Garduer
and Pfeiffer). The extremities are Jong. The hands and feet are narrow, with
elongation of the fingers. The bone age is usually retarded. The epiphyseal
cartilages continue their growth heyond the usual age. The skull grows accord-
ing ta the brain size and is not enlarged.

In the adult, particularly in the poslmcnopaus;\l state, failure of ovarian
function is thought to have a direct bearing upon the esteoporosis so frequently
observed in the skeleton. Increased medullary (endosteal) bhone can be pro-
duced in rats and mice by estrogen injection (Day and Follis; Gardner and
Pfeiffer). This bone disappears when the hormone treatment is discontinued.
"The action 15 thought to oceur by stimulation of the osteoblasts.

By administering estrogen (and androgens) to postmenopausal women with
marked osteoporosis, the bone pain can be eliminated. While the symptoms were
relieved, no definite changes in the bones had been noted roentgenologically until
Sherman showed not only raentgenologic improvement but also histologic
improsement in a case of Paget’s discase with superimposed postmenopausal
ovarian fajlure (Sherman). The bone sections made before treatment contrasted
greatly with those made after therapy.

The trabeculac were thin and few in number on the first biopsy. After
treatment, the number of trabeculae had increased and there was a large amount
of osteoid tissue. The tibial cortex, which was penetrated by a needle on the
original biopsy, had to be cut with an esteotome on the second occasion,

Albright, Smith, and Fraser eapress the opinion that if osteoporosis occurs in
the postmen?pausn] state, the.s:,\me condition should oceur in females at the time
of pu]:')crty in cases of ovarian agenesis, Indisiduals with this condition are
short In stature. Bone age is retarded. In those cases with delayed closure of
the epiphysis and osteoporosis, changes in the s,
sitis” (Del Castillo et al.).

Hypergonadism does ‘occasionally occur. In children 1t may be associated with
a granulosa-cell tumor in females, and a tumor of the cells of Leydig in males
In either case the bone age may be greatly increased. The individuals :\re.
usually small because of premature closure of the epiphyses (Selye).

Adrcnal.CortL’x. In Cushing’s syndrome, severe osteoporosis may occur. The
osteoporosis may be so prominent in the vertebral column that the intervertebral
disks tend to occupy more space than do the vertebral bodies. The r1m1n
d}e]fect 15 thoug'ht to be the failure of bone production by the os[eoblgsts ‘I;l
children there is not only an osteoporosis, but also a failure of growth, S(')me

pine occur resembling “epiphy-
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of these cases are due to a cancer of the adrenal cortex. Some are thought to
be due to an overproduction of the adrenocorticotropic hormone by the pituitary
(Perloft et al., Albright).

The adrenogenital syndrome is believed to be associated with an excessive
production of the adrenal cortical hormone which has to do with the stimulation
of tissue growth. Children with this condition tend to grow more rapudly in
every way than do normal children. The bone age 1s markedly advanced, but
as the epiphyses close carly, the final height of the individual is usually normal
or possibly shorter than noimal (Albiight and Reifenstein).

BONE INJURY

Fracrunes

The bulk of 1ccent expenments show that the healing of a fracture 15
primarily a local phenomenon (Urnist and McLean, Murray; Armstrong). Medical
Literature abounds with references purporting to show how therapy dirccted
toward correcting deficiencies m chemical balance or improving the vigor of
the host might hasten fracture healing. The results of feeding selected diets,
vitamuns, endocrines, and other drugs are reported extensively, and in experi-
mental animals corrclations have been made between fracture healing time
and the presence or absence of some chemical. It may, however, be safely sud
that there is no exper lly proved ch 1 or dictary regime which hastens
union i a normal ammal on an adequate dict. The importance of the surgical
methods of reduction and immobilization 1s yet to be challenged.

Changes m the body metabolism do occur following a fracture. After fracture,
there follows an mmtial period of metabolic depression, later metabolism increases
to nse above the normal This perod is characterized by an mcreased basal
consumption of oxygen and an elevation of temperature. There is also found
at this time a rise m urinary nitrogen with the maximum output occurnng
between the fourth and eighth day following fracture, After this pertod the
excretion of mtrogen gradually declines. Cuthibertson believed that immobiltza-
tion augmented this mitrogen loss but was not the sole eause of it He tried
to correct nitrogen imbalance by high protem feedings but was only partially
successtul, the mtrogen output bemng dimmshed but not halted. This Joss of
endogenous protem has been fully confirmed mn patients recovering from
tractures

The lost nitrogen 1s thought to result from a general acceleration of the body
metabolism with a smaller amount ongmatmg from the products of autolysis at
the site of mjury. This generahized mitrogen loss 1s not 1cstricted to fractures
but occurs after any njury and also in debilitated patients. During the healing
of a fracture no changes have been noted in the blood serum level of calcium
or phosphorus { Urnst)

Bone growth occurs by assification of tissue preformed m cartilage and more
directly by ossification of undifferentiated connective tissue. The healing
fracture repars by both enchondral and i branous ossification,

At the time of fracture, blood from injured vessels of the marrow, periosteum,
and surrounding soft tissue extravasates and forms a hematoma centered about
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the Fracture site. The ensuing clot contains all the formed clements of I)I(n.nd
together with bone and muscle fragments. Organization of this hematoma begins
within a few hours, but the liematowa may be so massive in fractures of the
long bones that 30 to 60 days or longer may be required before such organization
reaches the hematoma core {Usist and ]ahmuu).

Swenson investigated some features of the hematoma in dogs. Immediately
after fracture there was a shift of the pll to the acid side and values as low as
69 were reached in the 24 iour hiematoma, In the course of 10 days there was a
gradual reversal toward the alkaline side, the highest reading having reached 7.6

The phosphorus value of the hematoma fuid showed a marked initial rise
during the first 48 hours, reaching a peak of 187 mg. per 100 cc. of hematoma
fluid (3-4 mg. in the blood serum}. After 48 hours this value fell to the normal
blood level but rose again on the seventh to 10th day to about 7.4 mg.

The hematoma alkalme phosphatase remained at blood level until the seventh
to 15th day when it showed elevations as high as 56 Bodansky units. It thus
appeared that the alkaline phosphatase actisity awaited the alkaline shift, at
which tume a similar ncrease m the inorganic phosphorus values was noted.
Swenson concluded that the increased phosphate ion results from a complicated
enzymatic process involving phosphatase. This work conflicts with the sviews
of Sterlmg and Murray who believed that the high local acidity at the fracture
site produced an ideal medium for an increase in ealcium and that later changes
to alkalinity in the hematoma caused precipitation of the calcium phosphates.

Dallemagne noted a caleium loss in both segments of the broken bone in
rabbits, This skeletal demineralization stopped long before the caleification of the
callus was completed. The callus, therefore, must obtain much of its mineral
from other sources.

The entire hematoma eventually is replaced by a fibrous type of connective
tissue. That portton of the organized hematoma which lies between the fractured
ends may secondarly differentiate inta hyaline or fibrocartilage. It is thought
that pressure and tension stresses as well as the original trauma fasor chondrog-
enesis. Children will usually show a propensity to create more cartilage than
adults The connective tissue, hyaline cartilage, and fibrocartilage replacing the
hematoma are known as procallus.

Cartnllage may be present as islands in the center of the procallus. Many of
these islands may coalesce to form an intervening cartilage disk between' the
fractured fragments.

le: extent of cellular death adjacent to the fracture line was investigated
h}; Ch:::\\::r\h] andA Wnght. A vanable amount of cortex on both sides of the

gap lost its cellular structure. The endosteum of the haversian canals
:ﬁ) ]t:;:’ Ov:esse:sﬂa:;:t;:ere fdestro}}:ez}. This necronc. area gradually blended with
viable hml;d necmsxsceTlr:;mc ;use racture. '.l'he highly cellular marrow showed
! 8 e of this tissue destruction is most likely due
to a local circulatory deficiency.

Urist and Johnson also observed this necrosis i i
found that cc{'tlc.ll death extended about {]cm‘ i’:n: tlﬁ;ﬂﬁ::étesr;n hu“Imnsd 'I“I}ey
th?se studies revealed rarefaction of bone bordering tile nectr;;txz‘c ‘llzo“nefhhm;
prinaipally imvolving the inner surface of the cortical bones. This was a ]::lc(r
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manifestation and perhaps due to the hyperemia of actively proliferating
tissue.

As the orgamzation of the hematoma progresses, the first appearance of
new bone is noted. In fractures of cortical bone this new ossification anses at a
distance from the fracture just beneath the periosteum. The picture is that of
intramembranous bone formation. The new bone spicules are bordered by
large osteoblastic type of cells perhaps derived from the cambium layer of the
periosteum. The new bone forms a collar about the cortex and then develops
in the direction of the fracture. The invasion and replacement of the connective
tissue progress in an organized manner. New bone appears only on the
advancing front of the bone. No islands or separate nuclei of bone production
are noted, At the active ossification zone many new vessels make inroads on
the connective tissue and deposit bone tissue in their wake, Such bone tissue
will usually have a border of osteoid tissuc which will receive its charge of
minerals at 2 later date.

The speculations regarding the relationships of osteoid matrix and bone have
been answered by Unst and McLean. Working with rats, they showed that
new osseous tissue can receive its mimneral component as soon as 1t is laid down
under optimal conditions. In rats no osteoid 15 seen unless there is a mineral
deficiency such as occurs in rickets.

Working with fractures in humans, Unst and Johnson noted a narrow osteoid
border on the new bone indicating a lag in the transport of minerals. As the
healing accelerates 1 the later stages this faillure of the minerals to heep the
pace set by the cellular components becomes greater, and wider osteoid borders
are found Bone production under conditions of normal growth shows little
free osteoid. The definite lag seen in an adult fracture may be a result of the
diminished circulating phosphorus 1 adults in contrast to the higher values
seen 1 young children.

When the advancing osteogenetic front comes into contact with the cartilagi-
nous elements of the procallus, most of which is in the neighborhood of the
fracture gap, the enchondral type of ossification is observed. The swelling of
the chondrocytes mdicates their matunty and is similar to the changes seen
m cartilage during growth at the epiphysis. There may or may not be a pre-
liminary calcification of the cartilage matnx prior to the ingrowth of vessels
and resorption of the cartilage.

The structure of the bone callus shows early differentation. The bridge of
bone enclosing the segments of the shaft and the fracture becomes more compact
on its inner border and remams more spongy on its outer border.

Fractures through metaphyseal bone are somewhat less complicated. The
external bone bridge 15 not a promunent feature unless there is wide displace-
ment, Bone production replaces the connective tissue and cartilage, but this
process commences from a wide base m the endosteum as well as the periosteum
of the fractured segment.

The necrotic section of the shaft 1s invaded and replaced as new vessels
enter the area. The role of the osteoclast in this process is not clear. Apparently
it does not phagocytose the bone salt or the orgamc matrix (McLean). More-
over, halisteresis with salt being removed from the matrix probably does not
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ocenr. Much doubt has been cast upon the idea of decalcification. The matrix
and mincrals are removed simultancously in a way not yet understood.

The mineral supply of the callus is predominantly humoral in origin, with some
added increment from transfer of shaft minerals to callus from resorhed or
perhaps from necratic bone. This increment is provided only late in fracture
healing. The ability of rachitic rats to develop some calcium In the callus without
corresponding calcification of the growing rachitic metaphysis indicates the
probabulity of a local transfer of calcium (Urist).

Goisman and Compere demoustrated in animals that atrophic bone united as
reachly as normal controls. The atrophy was produced by a caleium-deficient
dict and was determmed by roentgenography. Before atrophy is shown an the
film about 20 per cent of the minerals must be lost.

The disposition, shape, and size of the external bridge of callus in long hones
follows a purposeful pattern. Bick has studied the callus pattern and has shown
that it develops in response to compressive forces acting on the bone in such
a way as best to transmit thesc forces from one fractured segment to the other,
In general, the volume of the callus is in proportion ta the degree of displace-
ment of the fracture. Without displacement there is no alteration in the lines
of force and the external callus in such an instance would be minimal, The
external mass is not structurally an essential part of the final union. When the
cartilage disk in the fracture gap is finally ossified, the external ossific mass is
modified in accordance with function.

The hyperemia of bone in proximity to the fracture site mentioned above is
responsible also for the overgrowth scen after fractures of the Tong hones in
children. Compere and Adams have studied this problem and have shown that
gross trauma over a considerable portion of the shaft with resultant widespread
hyperemia may stimulate an cpiphysis to longitudinal overgrowth. These studies
have shown that the increased growth continues only during the healing period.
They disclaim the idea that the growth represents a compensatory phenomenon
from shortening resulting from the fracture.

Asepric NECROSIS

Bone may undergo necrosis independent of infection, as a result of several
types of injury Loss of its bload supply, excessive pressure, or tovic influences
are a few of the conditions which may cause such necrosis of bone. Little is
known regarding the response of bone to pressure. Each bone in the organism
is subject to many diverse pressures from muscle tone, muscle exertion and
gravity. It is recognized that excessive pressures do cause necrosis, but th’erc is
a paucity of experimental work on this phase of necrosts. Similarly the influence
of noxious agents has been inadequately investigated.

.The nvestigations of Phemister on necrosis due to vascular impairment have
given an msight into this type of bone death with its subsequent regeneration
'.fher? is a vanety of orthopedic conditions which are attributed to vascul:n.-
impairment of bone. The most obvious are those instances of massive necrosis of
large segments of a bone, such as the femoral head, after fracture or dislocation,
Large free fragments of necrotic bone stripped of its soft tissue vascular bn‘dge;
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are seen m fractures ot the long bones. In children epiphyses may undergo

The resulting changes as seen on r grams are given a vancty
of names depending on the epiphysis mvolved, The initiating agent in this
group is not known but may be a result of trauma, Most of the sccondary and
some of the primary ossification centers can desclop such changes.

The principal pathologic changes mn chronie hypertrophic arthritis have been
noted in the carhlage, but changes m the underlying bone may precede the
cartilage pathology Occlusion or sclerosis of the terminal vessels supplying the
subchondral bone may represent the initial change, the subsequent more obvious
cartilaginous pathology being secondary, Repeated minimal trauma may be an
ancillary factor Small of necrotic subchondral bone are
found on microscopic section (Phemister, 1940).

Osteochondntis dissecans 15 another example of aseptic necrosis. An injury of
a terminal vessel may be the mstigating factor in this disease. Microscopic evi-
dence 1ndicates that the necrosis of bone antedates the cartilage separation.
If the necrotic fragment remaras firmly in its bed for a long interval, regeneration
characteristic of aseptic neciosis 15 scen to occur (Phemuster, 1940).

Carsson discase 15 an example of a disseminated necrosis often occurring in
the region of termnal vessels and resulting from the release of mitrogen bubbles
mto the circulation or the tissuc. Whether these bubbles act as emboli or whether
the bone 15 destroyed by direct compression or pressure on vessels from nitrogen
pockets m bone tissue 15 not yet clear (Kahlstrom et al.), The infarcted areas
n the shafts of the long bones cause little disability and may remain or dis-
appear The necrosis bordering the joints occms in cancellous bone with a thin
cortical covering and results m a collapse of trabeculae, causing secondary
changes in the joint cartilage which may be irreversible. In such instances
disability is pronounced.

Elderly mndwviduals will occasionally show an irregular blotchy area of
increased bone density representing necrotic bone due to embohsm or ecclusion
{Phemister, 1940).

Jaffe and Pomeranz mvestigated bone from limbs amputated because of
circulatory msufficiency and compared it with bone from normal limbs, They
noted that the cells of the deeply situated lamellae of cortical bone normally
dic as part of the aming process This necrosis of the cells of the deep lamellae
was more marhed m the gangrenous hmbs Here there is a more diffuse, insidious
type of necrosis which casts no abnormal roentgenographic shadow.

Bone 1s more prone to vascular accidents than most tissue of mesodermal
ongm because of its hmted vessel anastomosis, Blood is circulated thiough
bone from three sources The nutrient artery diwviding into ascending and
descending branches 15 the single largest vessel. In the metaphyseal area
numerous small vessels penetrate the cortex while periostcal vessels of small
caliber enter the shaft throughout its length Bone owes its susceptibility to
vascular derang to the at of large branches, and
the fixation of the vascular tree by a rigid Lining.

Brailsford has pointed out that living bone adjacent to necrotic bone under-
goes a rarefaction as seen by roentgenog This is ded as an arca of

1y
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hyperemia, as the diminution of density in such ]N)I.ILW ‘r(’nchcs its p(-.lk.dun'n/g
the healing stage or most active phase of revascularization of the Il.('LTUlIL‘ nr.t'-l.
Referring to cona plana, he deseribes the process as an osteochondntis, prcfcrrmg
this more inclusive term to avascular necrosis, In the healing of a fracture an
arca of adjacent hyperemia is also encountered (Urist). Transfer of mincral
salt may also occur at this period. )

The first change noted in avascular necrosis is death zu.nd dxs:lppv.lmnw of
the osteacytes in their lacunac. The marrow spaces 6ill with debris and l.l.lL'l‘
with a dense type of fibrous tissue. The trabeculae remain intact but having
Tost their elastiaity are prone to collapse and impact upon each other as a
result of stress., L. .

The appearance of mereased density of the necratic area is said to be relative,
the living adjacent bone being hyperemic and perhaps underealeified as a result
of atrophy. However, there are other possible explanations for an absolute
increase m density of the necrotic part. Damaged tissue often acquires caldium,
Such a bologic phenomenon 1s often seen following degenerations of tendons
in the shoulder and is occasionally seen in scar tisswe. The impaction of tra-
becular fragments may also give the appearance of increased density, Changes
in density may result from calcification of the line of demarcation and the pres-
ence of new bone bordenng the dead fragments,

The first evidence of reparr is the presence of & zone of vascular fibrous tissue
originating from the adjacent live bone marrow and infiltrating the marrow
spaces of the dead bone. This tissue gradually invades and breaks down the
dead marrow. The exact mechanism of this process is unhnown. From this same
vascular fibrous tissue an ostcogenetic zone appears, and necrotic bone is
imaded and replaced as i a transplant, by a process which Phemister termed
“creeping substitution ™ Invasion, destruction, and replacement advance together
m a narrow zone Occasionally the invasion may advance at a more rapid rate
and the zone of the activity is expanded.

The above process, however, does not always go on to complete elimination
of the necrotic area (Kahlstrom et al ) Large areas may only be partially
removed. What terminates the reparative effort is not known The occurrence
of a fracture through the weakened zone of transformation with disorganiza-
tion of the invasive tissue is a deterrent to further repair, but is not an absolute
block.

When the necrotic area borders a joint, damage to the articular cartilage may
result. This may follow collapse of the supporting subchondral bone secondary
to stress, or result from inadequate cartilage nutrition. During the grmvlil
period adequate nutrition to the cartilage may be derived from the synovial
fluid, but in adulthood cartilage depends for its nutrition principally wpon
subchondral vessels and the loss of this circulation for an extended period allows
degenerative changes to occur Phemister places the interval at one year although
he states that good function may result in aseptic necrosis of the femur up to

three years, T

During the growth period the articular cartil

5 age is damaged less fi ,
than in adulthood following necrosis. The re) s gec less frequently

parative process is more rapd
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and usually fully completed while the hyaline cartilage receives adequate nutri-
tion from the synovial fluid during this age period, Brailsford believes that in
cova plana, the hyperemia of the repair process results in an increased plasticity
of the replaced area and adjacent bone which persists for three or more
years.

The life history of a bone transplant is histologically similar to regeneration
of necrotic bone. The question of whether transplanted bone cells survive or
die 15 of paramount interest. Does a bone graft Iike an autogenous skin graft,
live to be nourished on host tissues or does it play a passive role and simply
encourage new bone formation?

Most of the expeniments in recent years indicate that the greater portion
of the graft dies and is replaced by host bone. Endosteal cells lining the graft
edges, however, are thought to remain alive and proliferate if they are rapidly
reached by growing vascular tissue from the host. It is evident that when the
number of surface osteocytes 1s great, much of the graft will remain alive.

The trabeculations of cancellous bone offer a much greater surface area than
cortical bone, and osteogenesis has been shown to occur more rapidly in such
transplants than in cortical bone. In cortical bone only those cells on the
endosteal surface are likely to remain alive. The m;qor part of the graft must
be mvaded, removed, and replaced Flaked and chipp of
bone should be superior to large 1] frag) by pr ing a greater
number of surfaces. However, there is a limit to this process. Macewen noted
that bone chips survived better than bone dust (Bell).

No sigmficant difference m osteogenesis has been noted between grafts with
or without hed peri Cells exposed to lar tissue, whether
periosteal or osteal, showed a tendency to proliferate.

Recent work (Abbott et al.) shows that the osteocytes in the transplant were
able to remam alive for a period of about 10 days after transplantation without
the vascular support of the host. If such granulation tissue reaches the cell before
this period, a considerable number of such cells live and produce new bone
In cancellous tissue the number of cells which proliferate is marked. Even when
cell death occurred, the ensumg “creeping substitution” scemed to be more
rapid in the loosely textured cancellous bone than cortical bone. The ingrowing
vascular tissue 1s blocked on cortical surfaces, with the haversian systems
offering the only inlet,

The host bed is of importance Not only must the graft be in intimate contact
with the host bone, but the recipient area must be a source of rapidly growing
vascular tissue

It should be cmphaslzed that our present concept of bone grafts is based
almost wholly on a histol Ut h, A graft is d d dead if lacunae lack
cells, and alive when osteocytes are seen. There is some evidence of the exist-
ence of inductors in bone which stimulate osteogenests, and such a process may
be active in the graft Grafts do not take up dyes and they do not immediately

show a loss of denslty when such a process occurs in the host. If the major
portion of a graft is an inert foreign body of formed mineral salt, sts successful
replacement may be a result of its low capacity for stimulating host reaction
and the charging of neighboring tissues with bone mineral.
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BONE INFECTION

InFLAMMATION OF BosT

The reaction of bone to an inflammatory process is well illu.stmk'd by acute
hematogenous osteamyelitis on the one hand and by the chronic gmnu]nmalfun
inflammation of bone tubereulosis on the other, While llu:rc are several points
in common, the present methods of treatment draw a distinet line between the
two conditions, and mainly for this reason they are presented under separate
headings. o

Acute Hematogenous Osteomyelitis. Acute hematogenous osteomyelitis is scen
most often in children. The infection is bome through the blood stream from
infeeted tecth, tonsils, cars, abscesses, or other foci. Boyd states that the meta-
physeal areas of the femur and the tibia are the segions most commonly affected,
and the reason for this is believed to be that the areas near the epiphyses are
repeatedly subjected to trauma. However, both Levenf and Birkelt describe
cases of ostcomyelitis in children which imvalve the diaphysis rather than the
metaphysis

The blood-borne bacteria lodge in the walls of the metaphyscal vessels. The
chaunels widen at this point and the circulation may be sluggish. If the tra.
beeulae have been injured previously there is already some edema, and under
these circumstances the bacteria will flourish. The focus enlarges from within,
and the circulation to the region is further impaired. Arteriography of bone
lesions has shown that in osteomyelitis there is obliteration of the vascular chan-
nels within the affected bone area, but an abundance of vesscls is present within
the neighboring soft tissues (Dos Santos).

The course of the disease will depend upon the type of the infecting organism,
the extent of the local injury, the resistance of the individual, the type of treat-
ment, and when it is begun. When the circumstances are most favorable, the
infectton may be overcome rapidly enough to leave no definite trace (Nachlas
and Markheim). Under less favorable circumstances an abscess may be pro-
duced with Jocalized bone necrosis, If, as m the more severe infections, the pus
spreads either within the medullary cavity or subpeniosteally, the entire bone
may be mvolved If a section of bone is completely surrounded by the inflam-
matory process 1ts blood supply 1s interrupted and it dies. Tlus dead bone is
known as a sequestrum Destruction and repair proceed at the same time in
dufferent areas In the process of healing, i the sequestrum is not extruded
thraugh a sinus, it may actually be revascularized and be incorporated into
new bone formation. The newly formed bone is dense. Sclerosis of bone in
osteomyelitis is common.

The organism most frequently found in osteomyelitis cases of this type is
the hemolytic Staphyl s aureus (Al and Wadsworth). Drugs such
as penicillm have played a large part in reducing the morbidity and mortahty
of t'he disease. Statistics of authors vary, but reduction of mortality rates from
 high of 83 per cent to less than 2 per cent has been reported (Altemeier and
Wadsworth; Denmson) With the aid of chemotherapeutic agents, the body
is better able to localize the infection and to limit jts spread. If penicillin is
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given withm the first few days after onset, there may be complete arrest of
the process and eventual restrtution of the bone to normal.

Roentgenograms can follow graphically the course of the disease. While soft
tissue reaction is the first sign noted, periosteal reaction is usually not evident
until the second week At that time there is a decrcased density within the
metaphysis With the formation of pus, holes may appear in the cortex, and
as the pressure within the bone builds up, the periosteunm may be lifted away
from the diaphysis A sequestrum may be evident as a dense bony sprcule or
segment With healing, sclerotic bone is formed. The degree of sclerosis is
thought to be less i cases adequately treated with penicillm {Altemeier and
Wadsworth).

Tuberculosis of Bone Tuberculosis of bone is considered to be a local mani-
festation of a general disease The origmal site of the infection 1s believed to be
m the bionchial or mesenteric lymph nodes From the primary focus the bone
1s mvaded, usually through the blood stream, but occasionally 1t may be invaded
directly from neighboring tissues The bone infection is frequently associated
with tuberculosis of the neighboring joint or jomts. In the long bones, 1t is the
metaphyseal region which 1s most often involved (Mercer).

Elsewhere n the body tuberculosis can produce destruction, caseation, or
fibrosis The same is true of the disease in bone. The destructive phase is,
however, usually more obtious than the phase of bone formation A tubercle
15 formed with a central group of endothelial cells surrounded by a zone of
lymphocytes Fresh tubercles multiply m the surrounding area. Dense fibrous
tissue develops as an attempt 1s made to wall off the lesion, and the lesion
may 1tself be mvaded by connective tissue with resultant healing

The bony trabeculae may show evidence of osteoporosis in some areas and
of osteosclerosis i others. The osteoporosis is thought to be due in part to the
pressure and eroswve nfluence of the granulahon tissue produced in the process
(Boyd, 1947)

Boyd recogmzes two mam fypes of bone tuberculosis: first, the localized
type, and secondly, the spreading type In the former condition the disease is
held m check even though small sequestra may be found within the area In
the second type the resistance 1s msufficient to limit the spread of the disease,
and the process will frequently spread to involve the epiphysis or the neigh-
boring joint m a caseous purulent inflammation

Since the advent of streptomycin as a therapeutic agent in the treatment
of tuberculosis of bones and joints, encouraging reports have appeared (Pulaski
et al, Ralston). In a council report of a series of 94 cases, in which 70 per cent
of the bone lesions were becoming worse prior to streptomycn therapy, 2
defimte reversal of this trend followed administration of the drug, for at the
end of the post-treatment observation 70 per cent showed improvement
roentgenographically The belief 1s that there 1s slow but appieciable 1mprove-
rent m the majonty of tuberculous lesions of bone and joint treated by the
method described Whether the improvement is long-lasting awats further
observation,
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Medullary Fixation of Fractures®
DANA M. STREET, M.

HISTORICAL

HE pRINCIPL or avial pinning or mednllary fixation is not new in the treat-
Tmcm of fractures. However, it is only within the last decade and following the
work of Kuntscher that it has attained acceptance and wide employment, Axial
pinning was apparently first used by Lambotte about 1907 in the treatment
of fractures of the clavicle. Here he first employed a serew and later a grooved
nail. He also used serews about 5 inches in length for axial fixation of subtro-
chanteric fractures of the femur,

In 1913, Konig ntroduced the use of intramedullar ivory pegs in fractures
of long bones. During the nest five years ivory and bone pegs were quite
commonly, though often unsuccessfully, employed. Failure was apparently due
to “sending a boy to do a man’s job.” Hey Groves reports that the grafts, if snug,
frequently broke, while if Joose they provided poor fixation. Having once broken,
they acted only as plugs in the medullary canal preventing endosteal callus
formation.

In 1918, Hey Groves treated 3 cases of fracture in the provimal third of the
femur by a method closely resembling that of Kuntscher. In all he used a steel
bar which filled the diameter of the canal, in the first case a perforated steel
tube 9 inchies in length, in the second a rod with cross-shaped section, and in the
third a round rod. These he passed retrograde up the provimal fragment and
through the trochanter, then down a distance of 3 mches into the distal fragment,
All 8 cases were septic compound fractures and Ins difficulties were those of
infection rather than lack of fixation.

About 1924 Lambotte estended his nailing method to mclude transverse
fractures of the proximal end of the humerus, lower end of the radius and ulna
also metacarpals and phalanges In Belgium also, according to Soeur, Joly usc(i
Kirschner wires for awial fixation of fractures m the clavicle, metacarpals
phalanges, toes, carpal scaphoid, malleoli, and humeral head about 1935, wlu‘le,
Dams recommended the same agent for bones of the forearm and fibul
malleolus,

In this country in 1837, L V. and H. L. Rush mnplanted a Stemnm.
in the medullary canal of an ulna for fracture in the proximal third
1939 m the femur for subtrochanteric fracture These were loft protrading
through the skin and were removed after eight and nine weeks, respectively.

y ° Pubhs)ngd with permission of the Chief Medical Director, Dept. of Medicine & Surgen
eterans Admmistration, who assumes no responsibility for the opmto eon
clusions drawn by the zuthor. ’ pinions expressed or the con-
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In England, Lambrinud: reported on the use of Kirschner wires for 2 cases
with fracture of both bones of the forearm and one osteotomy of the femur,
The wires were removed at four, five, and six wecks, but the extremities main-
tained in casts several months,

KUNTSCHER'S METHOD

Kuntscher 1 1940, apparently unaware of Hey Groves' work, presented the
method which has since borne his name. He successfully attempted a fixatron
for shaft fractmes analogous to nailing mn the femoral neck. The fracture was
reduced by manipulation; the end of the nail was covered by soft parts so that
early removal was not necessary, but readily possible after union had occurred.
The nail was of sufficient size to span the canal, preventing lateral displacement;
also, long enough and strong enough to prevent rotation and angulation even
though external fixation was not used.

Kuntscher’s method spread rapidly over Europe because of many war casualties
for which it scemed ideally suited Also because of the war and its interruption
of the flow of European periodicals to this country, our first acquaintance with
the method was through prisoners returming with nails in situ. It was not until
1945 that surgeons here commenced inserting such nails

THEORETICAL DISADVANTAGES

From the outset the method has been called unphysiologic smce such a large
prece of metal is employed The nisk of infection which accompanies any open
operation involving bony structures is still of major importance, even with the
newer drugs Wiile 1t s true that serious infection rarely develops in simple
fractures treated in a modern surgical clinic where strict asepsis is mamtained,
there is still the occasional infection, be it air-borne or through faulty sterile
technie. 1t 1s not uncommon to obtain a positive culture from beneath a plate
on its removal even though there has been no chnical evidence of infection
Then too, we have the ever-present problem of compound fractures m which
the degrec of contammation is always an unknown quantity. It 1s the consensus
that closed nailing carries less risk of infection than open reduction with any
other type of fixation. Whether the same can be said of open nailing is more
subject to debate. However, the length of incision, amount of bone exposed
by the inciston, and the duration of the operation are all generally less with
medullary nailing The course of the mfection once 1t 1s established in a case
with nailing may be more severe. Soeur bars the use of a nail in all compound
fractures. Heim reports good results 1n treating gunshot fractures of the femur
by closed nailing after a pertod of two to three weeks in sheletal traction and
gving sulfonamides, mitial debridement having been employed Bohler adsocates
Heim’s procedure for gunshot fractures where the soft tissue wounds are small
He also treats fresh compound fractures by debridement and open nailing, but
closes only the shin layer The only compound fracture among our 35 cases
with fracture of the femur had only a small puncture wound. He was treated
by wire traction for two weeks while recening penicillin. Smce no evidence
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of infection was shown then, a closed nailing was performed which was followed
by uncomplicated union.

Fat embolism has been feared from the start and much discussed, since @
major portion of the displaced marrow is fat. Experience, however, has proved
that the incidence is no higher than in fractures treated by other methods. In
our series, one patient with bilateral fracture of the femur developed hemiplegia
24 hours after mjury while in sheletal traction before any mailing was attempted.
Burr boles failed to reveal any intracranial hemorrhage. e gradually recov ered
and the final clinical jmpression was that he had sustained a fat embolism
Subsequent nailing of both femurs produced no further signs of this condition.
Subclimieal fat emboli 15 apy ly a frequent occurrence, however, as
evidenced by the appearance of fat droplets m the sputum. Experimental work
of Maatz demonstrated slight fat embolisms in anmals following nailing. In his
opmion, fat cambolism followmg mailing becomes of clincal importance only
when the patient is mn severe shock. The supenimposed embolism may then
contnbute to a fatal outcome. This is easily avoided by delaying the operation
until the general condition has improved. Embolism of blood thrombus has
occurred to my knowledge in one case which was nailed three wecks after
injury. There is nothing in the operation of naling which would induce this
complication more than any other manipulative procedure, but it should be
considered when late operations are contemplated.

The destruction of red marrow is not of significance, for considerably more is
lost in amputations. Slany found an increase of reticulocytes persisting while the
nail was in place, and in some cases an anemia Whether this was the result
of blood loss or toxic effect of the metal used would require further study to
determine. Schuettemeyer was unable to find such changes in 600 cases. It has
not been of clinieal significance 1 any of our cases

The criticism that the nail destroys endosteal arrculation and interferes with
endost?nl callus formation 15 frequently made. As Kuntscher originally noted,
the nail does not completely fill the canal as did the bone pegs, but impinges
only at a few nATIOW mhaces, That pressure of cortical surfaces stimulates callus
forma‘hon and union while distraction does the reverse, has been clearly shown
exper lly by Eggers, Shundler, and Pomerat. In Kuntscher's method the
union between the bone ends 1s apparently enhanced by moderate pressure
and Apenostenl callus unimpaired, also, the fracture is controlled with respect
to displacement, angulation, and rotatton for an indefimte period by the nal

Such bemg the case, the method appears to be ideal whether endosteal callus
develops or not

The question of callus formation has been much debated. Kuntscher, Soeur,
and others reporting early cases, described the callus as euberant an:l a2 1d’
w formng, and hsted this as an advantage of the method. Bohler has fl;ll:nl]
an f"nhibitory effect of the nail He states that earlier cases with exuberant callus
or “periosteal appositions™ were ones in which a short nail had been \‘\s d
permitting some angular motion. Recent experimental work of Fitts et al § el"
cates more extensive callus when a nail 1s employed Our cases thus far ;n lfl\( "
neither stimulation nor inhibition of callus formation. It is o ot

s . 10 less than i
cases in which solid fivation has been obtained, than in other
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ADVANTAGES OF THE METHOD

The primary advantage is that of early mobilization, Since no external fixation
is necessary, motion of the joints may be started as soon as soft tissue healing
permits — usually within a few days. Therefore, joint stiffness and muscle atrophy
do not occur as in treatment by external fixation The patient can Jeave the
hospital at two to three weeks, no longer requinng nursmg care, and without
the discomfort of casts or improperly supervised makeshift traction devices at
home With eldeily patients, the fact that they can be out of bed early has the
same importance as m fractures of the femoral neck and may be a life-saving
measure A 74-year-old woman, whose femur was fractured in the lower part of
the mud-third returned home 1n a wheel charr two weeks after we inserted
a nail. Early ambulation allows the patient earlier return to work, and may mean
the difference between retaining his former job and the need to seck other
employment Bohler presents a case in which there was no apparent disability
at exght weeks following fracture of the femur, while at 10 wecks the patient
underwent a strenuous course of mlllmry traimng without symptoms. A patient
of ours returned to work as a machine shop apprentice at seven weeks and con-
tinued without discomfort until recalled for removal of the nail at srx months.
Many similar examples could be eited.

Other advantages are the simpliaity of the procedure and the short operative
time It also has proved an excellent internal fixation for ostcotomy in cases of
malunion and for femur shortening

FRACTURE SITES SUITABLE FOR NAILING

The main field for medullary nailing is 1 shaft fractures of the femur, since
other methods of treatment require prolonged recumbency and the duration of
disablity 15 great. While the method can be used with good results in the tibia
and humerus, the results are equally good with walking and hanging casts
respectively, and at the present ime we do not recommend 1t for fractures of
these bones. An exception should be made 10 tibial fractures of the paraplegics,
who do not tolerate casts well because of pressure sores, also, 1n some nonunions
of the humerus where the nail, supplemented by barrel stave grafts, 1s effective.
Fnctures of both bones of the forearm have always been a problem owing to the

i in lig) Angulation and displacement are well con-
trolled by axial pmmng and there appears to be definite advantage to its use
m the forearm Contrary to Bohler, we have found it useful also in fractures of the
metatarsals where displacement 1s often difficult to control by other methods
and may lead to considerable disability. It 15 also of value in some transverse
fractures of the metacarpals and widely displaced fractures of the clavicle

The fracture must not be too close to either end of the bone or the nail will
not adequately control the smailer fragment The most favorable portion, of
course, is the middle third where the canal is the narrowest, and transverse
fractures are generally more easily controlled than spiral or obhque. For the
femur, Bohler has set the distance at not less than 7 cm from the tip of the
trochanter or knee joint. Romney regards these limits as too liberal and places
them at 8 cm. for the proximal and 10 em. for the distal end We consider 12 cm.
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the minimum safe distance from the knee joint for a single nail inserted from
above. Fractures in the supracondylar region are probably better llrcnlcd h).' the
method of Rush, inserting a pin through cach condyle. For the tibia, the middle
third; and for the other bones, the middle half is generally satisfactory.

Tyrrs or Nais

The nails originally used by Kintscher were V shaped in cross section. These
are still prcfcrrcd by Westerborn, Brinner, Romney, and doubtless many others,
This form was then modified to the clover Jeaf for the femur to provide greater
strength and a narrower entrance to the groove so that the nail would follow
the guide pin hetter. The V or U shape was retained for the smaller hones. An
advantage of this form 1s that two nails can be inserted, one inside the other,
and given a slightly different amount of bend so that the points will diverge in the
wider canal at the end of the bone. This procedure was perfected by Maatz,
Romney utihizes the same principle when a nail hecomes bent, by straightening
the nail in situ and inserting an additional nail.

In his onginal work, Kuntschier speaks of the flanged nail touching the
endosteum at three extremely small places because of the sharp edges. This
advantage, and such Kuntscher apparently believed it to be, has been lost to
some estent with the clover-leaf cross section since its surfaces are younder.
The diamond-shaped nail, however, not only retains the sharp edges, but impinges
at only two points. This nail was designed by Hansen, first used by us in 1915,
and presented in 1946 1t has since been widely used in this country.

Apparently Iley Groves was the first to investigate the relative advantages
of different shapes of nails for the femur He preferred the solid round bar since
there were no pockets or crevices to harbor infection. This criticism is applicable
to the clover-leaf pattern, m which it would be difficult for the blood supply to
gain sufficient access to the deep groove to eradicate infection. 1t is a secondary
consideration that the nail acts as a tube to drain off the pus.

We have recently investigated the relative strength of variously shaped nails
m controlling angulation and rotation. Of the forms in clinical use, the clover-
leal showed greater resistance to angulation with the diamond-shape a close
second, while the diamond was superior in controlling rotation,

ArraraTUs

The necessary apparatus depends on the type of nail used and whether a
closed or open nailing is performed. The most important item for any medullary
nailmg procedure 15 a good extractor, since 1t frequently is necessary to extract
the nail partially or completely during the oniginal nailing, as well as to remove
1t after the fracture has united. The onginal extractors had a hook which fitted
nto an eye in the end of the nail. One of the most satisfactory,
Kuntscher, was a C-shaped prece of metal with a hook on one end
and place to hammer against on the other (Fig. 1). The
dlreFlinn of the hammer blows are thereby in a straight line, Kiintscher als
devised a windlass type of extractor which was less satisfactory because‘ 'to
counter pressure was exerted against the greater trochanter, the cortex of \vh'l}:
1s very thin, and st also required greater exposure. The same difficulty \\‘:15

designed by
and a handle
axis of the hogk and
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encountered with a screw type of extractor resembling the Smith-Petersen nail
extractor and formerly made by Richards in this country. The second most
important type was designed by Stor and consisted of a long bar carrying a
heavy sleeve. Blows were struck with the sleeve against a handle at the opposite
end from the hook In our experience, the angular acceleration of a hammer
blow 15 more effective than linear acceleration of the sleeve, also the weight of
the hammer can more readily be varted. The chief difficulty with all extractors

Fic 1 —Special mstruments for medullary nating (1) Drrer-extractor for diamond-shaped nail,

(2) duamond-shaped nail, (3) modification of Stor extractor; (4) Kuntscher extractor, (5)

closer-leaf natl, (6) guide pim for clover-leaf nail, (7) reamer for clover-leaf nail, (8) drvers
for clover-leaf nail

has been in making a hook which would neither break nor straighten Wester-
born has an estractor with a jaw bearing a pin hinged to the main shaft This
closes on the end of the nail like a forceps and is held shut by a slip ring. This
should retan a very positive hald on the nail With the dramond-shaped nail,
instead of an eye we have used a threaded stud on which the extractor 1s screwed
1nto place. The same instrument can be used for both driver and extractor, ham-
mering against the longitudinal handle for the insertion, or against the transverse
handle for extraction. This 1s the only special instrument needed for this type of
nail other than the usual bone instruments We have been unable to strip the
threads on the stud by hammening on the extractor with the nail held in a vise,
provided the extractor was screwed on tightly. The illustration shows other
instruments used mn mserting the clover-leaf nail which will be discussed under
Techme of Nailing.
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For open nailing, the ordinary operating table is satisfactory. For closed nailing
of the femur, adequate apparatus for applying traction is necessary, In Eump.c the
Biihler traction apparatus has been widely used. Socur states that the ordinary
arthopedic table is not suitable but we have had good results employing a
common form of fracture table. Reduction apparatus of the Linsmayer or Witt-
moser type is almost mandatory if the technic as outlined by Bihler is followed,
ie, if the operation of inserting the nail is not begun until after accurate reduc-
tion is obtained The technic we employ is that originally described by Kuntscher
— the mail being inserted down to the fracture line after which the fractore is
manipulated. We hase not felt the need for reduction apparatus. Xeray equipment
1s necessary for both fuoroscopic or raentgenographic control. Two portable
units are comement, though one will suffice. It merely must be shifted from
A-P to lateral positron perhaps a number of times. We have used the ordinary
hand flucrascope with success, hawever, the oue designed by Heinz Braun and
pictured m Bobler's book appears to have many advantages. The usual {luoro-
scopist’s gloves and apron are of course worn.

Besides the usual equipment, it is well to have certain other items on hand
for emergencies. A hack saw is necessary if a mail becomes jammed so it can be
neither inserted nor extiacted. Vise-grip pliers are useful in extracting a nail that
has been mserted retrograde and found to be too tight. A bone hook has been
used many tunes as an emergency extractor, gripping the handle with pliers
and hammering against the pliers Extra nails of various sizes should also be
available,

Trenzic or NAILING

In either method the size of the nail to be used is determmed prior to opera-
tion The diamcter of the narrowest portion of the camal (isthmus) may be
estimated from the roentgenograms. According to Fischer, if the tube-flm
distance 15 75 em. the canal 15 actually 1 mm. narrower than measured on the
film, With a distance of §0 em. Bohler allows 2 mm. for the femur. If the film
cassette is directly beneath the thagh 1 mm is approximately correct; howesver,
we allow 15 mm Bohler employs a thinner nail if there is marked bowing so
it will bend more readily in the canal. We prefer to bow the nail before it is
inserted and use a full sized nail To determine the length, the opposite femur
may be measured from the tip of the trochanter to the knee joint line and a
certain amount subtracted Soeur subtracts 4 em However, in our eperience
this 15 too much. For most cases we subtract 1 mch {25 em ) which, when
leaving 4 ich projecting from the trochanter, brings the distal end 1"-‘mches
from the knee jomt In low fractures, however, we do not subtract any b/u-t watch
the distal end with the fluoroscope to avord entering the knee joint. '

Open nailing is technically easter than closed. There is, no doubt greater risk of
mfectnf)n than m closed nailing but with careful aseptic teclmic, and the post
operative administration of antibiotic drugs the nsk should be slight. The !t)i ;
1 placed in lateral decubitus on the sound side with both hi s 'mdp"}‘c o
slightly flexed. The involved extremity 1s draped free with stockirrn’en; to How

. allow
changedof lposmon and manual traction (Fig. 2). The fracture site having 1\):5‘1‘1
exposed, the nail may be inserted esther directly f, )

latter 15 technically easier. Y from sbove or reteograde. The
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If the technic of Bohler 1s followed, usmg the guide wire and clover-leaf nail,
the guide 1s first mserted retrograde up the proximal fragment, out through the
trochanter, and thiough a 2 cm incision in the skin A short nail 1s then mserted
over the gmde a distance of 1 em into the trochanter. The guide is then removed
from the fracture site and a new guide inserted from above through the short
nail. The new guide 1s then passed down to the fracture site and the short nail
removed. The fracture is next reduced and the guide passed into the distal frag-
ment. Roentgenograms are then taken to determine whether the ahgnment is good,
with no angulation, and whether the guide is properly located. The nail 15 then

Fic 2 —Position and draping for open nathing of femur.

driven in over the gmde using a recessed diiver which leaves 2 cm. projecting
above the trochanter

A more simphfied technic 1s generally employed for the mseition of the clover-
leaf nail The guide 1s dulled up through the trochanter and the skin ncised
A reamer 1s then shpped over the guide and a hole cut through the cortex of the
trochanter The nail 1s driven over the guide in the proximal fragment. The guide
15 then withdrawn and the nail driven mto the dstal fragment without a guide
and roentgenogiams are used only to check the final position.

In mserting the diamond-shaped nail by the open method we introduce the
natl mto the proximal fragment, pass it up through the tiochanter, and mecise
the skin when the nail can be felt subcutaneous We use a 1 mch transverse
masion and cover the skin margin with stockinette, The driver-extiactor 1s then
screwed mto place and the nail extracted until the tip 15 at the fracture site.
The fracture 1s then 1educed accurately and held with a Lowman clamp, while
the nail 1s driven into the distal fragment The nail may be driven until the
driver-extractor strikes the trochanter, in which case the threaded stud will be
left protruding from the bone and available for extraction Its removal 1s easier,
however, 1f 1t 15 allowed to protrude an additional one-half mch An advantage
of mserting the nail without the use of a guide lies m the fact that the nail
accurately follows the aus of the marrow cavity, This 1s not necessanly the case
with a guide pin.

The objection has been raised that dnving a nail through the trochanter

s



MEDULLARY FIXATION OF FRACTURES 447

without drilling or trephining the cortex may produce an “explosion” fracture
of the trochanter. For this reason, we originally screwed a very sharp arrow head
point on the threaded stud. Experimental and clinical experience, howeser, las
hown the risk of comminuting the trochanter to he slight with ither the arrow
head or simply the pointed stud.

Open reduction is required for the following: (1) Revision of callus, (2) osteo-
tomy for malunion; (3) remaovat of unsuccessful inteenal fisation; (4) insertion

Fic 8 =Delayed union of the femur, open revision of callus necessary

of supplementary internal fixation, (5) reduction of segmental fracture; (6)
femur shortening ,
Revision of Callus. In fractures treated more than a month following injury.
unless alignment has been mamtained by some other method, it 1s necessary n;
free up the callus to restorc abgnment The fragments of callus can well be
inserte 3 e i
gr:frk‘su(l}?goi‘;;],d the fracture line after naling to serve as supplementary
Osteotomy for Malumon. In correcting an angulation by osteotomy, a wedge
should be removed, making the cut surfaces perpendicular to the axis o,f the fng -
meuts Good apposition of the fragments will then be obtained, This was ;Fl
completely effected i the case illustrated (Fig. 4). ' o ne
Remouval of Unsuccessful Internal Freation, The necessity for open reducti
t.n remove a loose or broken plate, screws, or medullary gr . o
tion (Fig, 5).
b Supplcmentary Internal Fivation Oblique fractures mn the isthmus can be held
Yy means of a medullary nail alone, as also can comminuted fractures in which

aft, needs no explana-
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less than one-half of the diameter 1s represented in the intermediate fragment.
In long oblique or spiral fractures below the isthmus, and in extensively commi-
nuted fractures in any part of the shaft, supplementary fixation to prevent dis-
placement of the fragments is indicated Bohler has used circumferential wire
sutures or wire mattress sutures with good results, We prefer screws in most
cases since the fixation is more positive (Fig 6). The screws are placed through
a lesser chord than the d ter, preferably re within the cortex for

5

i
o
|

Fic 4.—Osteotomy for malunion of the femur.

their entire Jength and thereby avoiding the nail The comminutions are generally
attached to the main fragment presenting the longer fracture Ime only, provided
the other line 15 short This converts a comminuted fracture mto a transverse one
and the telescoping effect of the nail can still operate.

Segmental Fractures. Fractures composed of one or more tubular segments are
1deally treated by this method, the fragments being threaded like beads onto the
nail. Al t 1s often § ible without open reduction and longitudinal
fissures are requring suppl y screws (Fig. 7).

Femur Shortening Shortening 15 mdicated in repair of extensive nerve or
vascular injury, or more frequently to equalize a shorter opposite extrenuty. Both
cuts should fall within the isthmus to avoid a loose fit of the nail and possible
displacement. A long cut surface allows more contact for healing than a trans-
verse osteotomy. The surfaces must, of course, be congruous to provide close
apposition, We prefer a serpenhne cut which 1s easily accomplished by drilling
a series of small holes with a jig to provide the pattern. Difficulty may be
experienced in closing the gap between the bones or 1 closing the wound if a
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large section of bone is removed. It is then necessary to strip the periosteum a
short distance on both fragments.

Crosep Namwsc

Kintscher has advocated nailing by the closed method \\h(neur the sitnation
permits, chiefly to avoid risk of infection. Surgeons in this country tend to regard
this danger more lightly. There are other factors to consider such as the surgeon’s
experience and aptitude in manipulation, the equipment available, and the
physical type of the patient. Fractures are hard to manipulate in the short-boned,
heavy-muscled type of patient, particularly if overriding has been present. Cer-
tainly there is less risk of complication in a well executed open reduction than
in the “hours long wrestling matches™ which have been reported in the European
literature or even in the one hour time limit advised by Kuntscher. Besides the
mechanical trauma there is the risk of overexposure to x-rays for both the patient
and surgeon. Our longest closed manipulation, which was on a very muscular
individual, occupied 20 minutes with a total radiation time of two minutes at
1 ma. The other patients have required much less time.

The technic as outlined by Bohler imolves placing the patient in lateral
decubitus and applving traction by means of the Bohler or similar apparatus.
This is supplemented by reduction apparatus to displace the fragments trans-
versely in any and opposite directions. The Linsmayer type employs wide cloth
straps which form slings around the thigh, one above and below the fracture
site, and tightened by rolling on a rod equipped with a ratchet. The Wittmoser
apparatus consists of two wooden rings which encircle the thigh aboie and
below the fracture. These are moved by worm gears medially or Iaterally, ante-
riorly or posteriorly, to give any desired positions. Two portable x-ray units are
used to give biplanar control. Fluoroscopy screens are fastened to the reducing
apparatus and the room is darkened. When accurate reduction has been obtained,
this is comoborated by 2 and if satisf: y, the nailing is com-
menced. If considerable force is exened by the worm gears and the position held
for a long period of time, consid appears possible.
Perhaps a leser device such as described by Hexmg, in which the pressure is
sustained manually, would be safer. It is mterestmg to note that Kintscher still
uses only the Jongjtudinal traction app

The insertion of the nail is then accomplished through a small skin incision
just proximal fo the trochanter, making a hole with an awl in the medial side
of the frochanter and passmv a ﬂmde pin down into the distal fragment. Position
of the guide is then d d by roentg and if satisfactory, the nail
inserted over the guide.

The closed method as we have used it is modified considerably. The patient
is placed in lateral decubitus on an ordinary fracture table. The involied thigh

is uppermost with the hip flexed to an angle of 110°, the other hip somewhat less.
The usuai perineal post is replaced by one 12 inches long which provides
countertraction against the pelsis just beneath the anterosuperior spines (Fig. 8)-
The Kirschner wire traction previously inserted is advantageous, allowing flexion
of the knee and thereby relaxing the hamstrings. A sertical draping is used to
separate a sterile operative field from an unsterile manipulative field and there

4
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is no caeuse for contamination (Fig. 9.) The vertical drape contains a sterile
glass window to allow the assistant inserting the nail to view the position of the
leg. The margins of the 114 inch incision are protected with wound towels, We
have used a narrow osteotome to mahe a small hole in the medial side of the
tip of the trochanter, inserting it and giving it a one-quarter turn; an awl might
be better. The diamond-shaped nail is then inserted and driven down to the
fracture site. The surgeon, protected by lead gloves and apron, reduces the
fracture with the aid of the assistant who has excellent control over the proximal

Fic 8 ~Position for closed nahing of femur. Kirschner wire traction permits flevion of knee
high perineal post provides countertraction ’

fragment by using the nail as a lever arm. When the fracture 1s in positio

as shown by quick looks with the head fluoroscope, a few taps on thcln llb"f
the assistant serve to stabilize the fracture. It is then checked in bath ﬂ{ )
to ascertain that the nail 1s in the canal. The ﬂuomscope is then shift ‘(l“]:“‘es
to the knee and the insertion of the nal 15 observed, also the pro imity 1o e
knee joint. In certain fractures, reduction has been found e'\sic:t b\lm“y ‘10 fllf-‘
the fracture and hookmg the end of the nail in the canal ofl!he d ylﬂ“g“ g
as described by Kuntscher. By using a sm; e rgment,

all cone on the x-ray uni
may be reduced to 1 ma. and the spot falls within the scree}r'l it the eurrent

PREOPERATIVE AND POSTOPERATIVE TREATMENT

Many advocate immediate nailing of the femur
such patients in Kirschner wire traction for a pe;i
about seven days This allows the subsidence of

but we prefer to

place all
od of ubsérvation—usna]ly
the swelling which often
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develops before the patient 15 n sufficiently good general condition for operation
If fat embolism should occur as the result of fracture, it is sdally”in the first
24 hours, and if the fracture had been immediately nailed we would wonder
if the nail were responsible. Such a period of chservation allows time to rule
out nfections m other parts of the body, complete the laboratory stuches, obtain
adequate 10entgenograms, and review the nailing apparatus, which is sometimes

Fic 9 -Drapmg for closed naling of femur Vertical drape separates stenle operative field
from unsterile mampulative field

difficult to accomplish before swelling has developed Habler advocates a period
of five to six days 1n strong traction to correct overriding, thereby facilitating
the reduction,

Following operation, the possible need for supplementary exteinal fixation
must be considered Most adequately nailed fractures m the isthmus do not
require cast or tracton, however, rotatton will oceasionally occur. There 1s
definite nisk of rotation 1f the fracture 1s at the junction of the middle and lower
thirds. To prevent this, a Braun frame 1s commonly employed Rush uses a
plaster splnt for about ten days We prefer a balanced suspension using a
Thomas splmt with Pierson attachment because the knee and hip can be cxer-
cised as soon as pain permits Patients vary considerably m this respect, but
most have a good range of motion without pan at one week To put a patient
in a cast nullifies the chief advantage of nailng — namely, early mobilization,
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If a cast scems necessary owing to the type of fracture —such as a long obligue
or spiral fracture helow the jsthmus — supplementary internal fixation should be
employed, Traction pnslnpvm(iw]y is also inadvisable Dbecause it may canse
distraction and delayed union, Bohler clearly iMustrates the effects of distraction
on callus formation and Rush reports his only delayed nmion in- cases where
traction was used postoperatively, Most patients may bear partial weight with
crutelies at three weeks and diseard the erutches at siv weeks. Earlier ambulation
is of no particular benefit and may canse decreased stability.

Fic 10 —Fracture of both bones of the forearm Excellent imtal reduction was not well mamn-
tained by wires Sul of i space )

’Opinions vary widely concerning the proper time for removal of the nail
Kuntscher and Maatz advocate removal at three menths, Socur three to f‘ \e.
months, and Bohler six to seven months, We see no cnusc,fnr hurry and r"fe
to remove the nails after about one year. Some nails are rcmovcrt)l' msillj ; (;
some with considerable difficulty to which many factors doubtless ;) tz‘bﬂn'
A patient of ours had bilateral fractures at the same level, natled ntcz\l:]m:t l::"::

same time with 1dentical nails. After nin
ails. ¢ months the remova vas very
easy while the other was extremely difficult. emoral of one was very

OTHER BONES

dls}:‘x;ﬁlt:;re(s)‘lr‘l:ol\;xng both bones f)f the forearm have resulted in considerable
disaby 1“);, ;m:m “go(o angulation, displacement, and rotational deformit \viu h
pronation and supination. In fractures of the PI‘OX]'H)I,"I] thicd

2 Tt
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develops before the patient 1s in sufficiently good gencral condition for operation
If fat embolism should occur as the result of fracture, 1t is ustially ' in the first
24 hours, and if the fracture had been immediately nailed we would wonder
if the nail were responsible. Such a period ot observation allows time to rule
out infections m other parts of the body, complete the laboratory studies, obtain
adequate roentgenograms, and review the nailing apparatus, which is sometimes

Fic 9 ~Draping for closed natling of femur Vertical drape separates sterile operatve field
from unstenle manipulative field

difficult to accomphish before swelling has developed Habler advocates a period
of five to six days n strong traction to correct overridmg, thercby faciitating
the reduction.

Following operation, the possible need for supplementary cxteinal fixation
must be considered Most adequately nailed fractures in the isthmus do not
require cast or traction, however, rotation will occasionally occur There 1s
defirute risk of rotation 1f the fracture 15 at the junction of the middle and lower
thirds To prevent this, a Braun frame is commonly employed. Rush uses a
plaster sphint for about ten days We prefer a balanced suspension using a
Thomas splint with Pierson attachment because the knee and hip can be ever-
cised as soon as pain permts, Patients vary considerably in this respect, but
most have a good range of motion without pain at one week, To put a patient
in a cast nullifies the chief advantage of naling — namely, early mobilization,
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to bury the end of the nail in the bone. In the case illustrated (l"i%;. 11), the
nail p;nlrudc(l rather far ut caused no discomfort. In the ulna, a wire may be
inserted through either the styloid or olecranon, however, lhtcndcd' pin or
Kuntscher nail is best inserted through the olecranon. Fractures iny olving only

Fic 12 —Fracture of one bone of forcarm Position adequately nantaned by wire and umon
solid

one bone of the forearm unite more readily and a wire is adequate (Fig 12).
In fractures of the metatarsals and metacarpals Kuschner wires have proved
satisfactory (Figs. 13 and 14) By mserting the wire through the margin of
the base rather than through the head, full function of the joints is permitted
with the wires 1n place. It 1s safer to cut the wire and place the end subcutane-
ously than to allow 1t to remain protruding through the skin.

Fractures of the clavicle with wide displacement are sometimes difficult to
approximate by other methods (Fig. 15), and here agamn Kirschner wires have
gven good results. Closed reduction 1s madvisable owing to risk of damaging
the nearby vessels or nerves. Rather than inserting the wire directly from either
the proximal or distal ends, we have found 1t sunpler to pass it retrograde through
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of the radws and distal third of the ulna, the dilemma is complete because a
position of supmation is necessary for the radius and pronation for the ulna.
The tendency toward nonunion in the ulna is not decreased by plating even
though the fracture 15 well stabilized. At first we treated these fractures by
means of axial Kirschner wires, believing the healing process would be less

L o e

Fic 11 —Malunuted fracture of racius and nonunton of ulna Treated by medullary nathng

iffected, Results were improved an ally, however, deficiencies m fixation
still existed. Rotation of the fragments was not controlled and supination de-
formuty of the proximal radial fragment sometimes occurred even though casts
were employed. There 1s also a tendency for the radis to straighten gradually,
decreasing the mterosseous space even though proper bowing 1s present imtally
following the operation (Fig, 10) Wires can be mserted near the tip of the
radial styloid, the wire acquires a reversed curve in reflecting off fiom the
opposite cortex that helps to mantain the bow of the radius. This is not the
case with the use of a nail, and 1t must be inserted on the dorsal aspect of the
radius more m the region of Lister’s tubercle. Dehne has seen two cases of
delayed rupture of the extensor pollicus longus tendon followimng nailing. For
this reason, we have employed a cast mcluding the thumb It might be well
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Fic. 15.—Fracture of the clavicle treated by open reduction and retrograde insertion of wire
through the dustal fragment.
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|

Fic 13 —Fracture of second and third metatarsal necks Wires are mnserted through the base of
the etatarsals,

¢
£l

Fic 14.~Fracture of second metacarpal Closed reduction and nsertion of wire through meta-
carpal base
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L - .
Fie. 15 B B

=Fra
ture of the clavicle treated by open reduction and retrograde nsertion of wire
through thie distal fragment.

S —
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the distal fragment and out the postertor of the shoulder, then back into the
proximal fragment, clipping the wire to render it subcutaneous,

COMPLICATIONS

These may be divided into those incident to the operation and complications
of healing, The operation should not be undertaken until good general condition
has been demonstrated The difficulties of the procedure apparently result from

Fic 16 —Angulation following msertion of medullary nail The nail was too short and the
undisplaced commenution of the distal fragment was overlooked 1n the ongmal roentgenogram

lack of familiarity with the technic or inadequate equipment, If the nail 1s too
large 1t may cause distrachon, may spht the bone or become jammed so it
cannot be etther driven in or ewtracted. The last is more likely with a nail per-
muttmg cross sectional compresston than with a solid nal. If the nail is too small
1t allows lateral displacement, controls rotation and shght angular motion less
adequately, and bemng weaker 15 more likely to bend. In our experience an
11 mm. nail has been swtable for a large majonty of femurs and one will rarely
requre an 8 mm. nall Nails wlich are too long mght be driven mto the knee
jomt, but this should not occur if the position 1s observed with the fuoroscope
Certain complications are pecular to the use of a guide pn. One too thin may
ship out of the groove or become jammed theremn, while one too thick may stick
i the nail and be camed along ¥ defective, the guide may break. Corrosion
of the nail has been a complication in some cases in Europe when it was difficult
to obtain nails of high grade steel. We have had no trouble from this source
erther with the steel used in our original nails or with the usual § M.O. #316,

Complications 1 healing result from infection or the use of a nail which is
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too short or too thin. Infection may appear at the site of insertion only and
respond readily to treatment without involving the fracture site. This is reported
by Bohler in 5 out of 168 simple fractures of the femur and by abler in 3 out
of 140 nailings. Reich reports imvolvement of the fracture site in 8 out of 740
nailings of simple fractures or L1 per cent, Infection may lie dormant only to
flare up when the nail is removed. In one of our patients (Fig. 5), positive cul-
ture was obtained at the time a broken medullary graft was removed and nail
inserted, He showed no evidence of infection following nailing. However, one
yvear later when the nail was removed, he developed pain and swelling at the
fracture site followed by drainage from the site of extraction.

Short mails are responsible for most rotation, angulation, and occasionally
comminution of one of the fragments (Fig. 16). Migration of the nail proximally
may also occur in such cases. We have seen several migrate about one-half inch
m the first few weeks before the fracture has become solid, then remain stationary.
Fatigne fractures of the nail have been reported following inadequate stability,

As Bobler has emphasized, the operation is purely clectise and can be ter-
minated at any stage il complications deselop. If the advantages of the method

are to be realized, comphications requinng the use of external fixation should
not oceur.
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Arthrodesis of the Spine

LENOX D. BAKER, M.D. AND WALTER A. HOYT, JR,, M.D,

INTRODUCTION

i runrose of this chapter is to desenibe the various methods for arthradesing
Ttl\c spine. Indications for the operation will not be discussed in detail eveept
when such a discussion is needed to clanify a specific purpose for the procedure,
The general indications for arthrodesss of the spine are as follows: (1) Unhealed
tubercnlosis of the spme except when contraindicated by the patient’s general
conchtion In the past draining tubereulosis smuses have sometimes been con-
sidered as contramdications for operative fusion, however, sice the introduction
of the antibiotics, particularly streptomyein, this point is debatable and further
studies are needed. {2} Scohiosis, when there is a rapidly deseloping curve, when
the defornuty 1s such as to interfere with the normal body processes, or in the
presence of severe pain, (3) Congenital abnormalities, such as spondylolisthesis,
when such changes are associated with pain unreliesed by conservative t]ncmpy.
(4) Following removal of ruptured or degenerated mtersertebral disk, especially
if instability can be demonstrated or when there 1s narrowing of the intervertebral
space with adjacent osteochondrosis of the vertebral bodies. (5) Compression
fractures, associated with disabling pain which 1s partially but unsatisfactorily
relieved by rest or braces. (6) Dislocations, espectally m the cervical area. In
considenng mdications for arthrodesis of the spwe and an considering the type
of operation needed, onc should remember that the prmeiples of the operation
are to fuse the involved vertebrae in an attempt to arrest discase, to prevent or
correct deformity, or to relieve pain If the operation cannot be eapected to
fulfill one or all of these principles, 1t should not be attempted.

CHOICE OF METHODS

In presenting the various o
to show a chowce The choice o
“It matters not so much how
lar fragment of bone comes,

perative procedures no direct effort will be made
t methods 1s summanzed satisfactorily by Howorth,
a particular chip is laid or from whence a particu-
but as to whether fusion is obtamed, how quichl

al ponts will be presented; decisions will be left lﬁ

cedures have been reported by more than one guthor v
mcluded, ’
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In 1911 Hibbs and Albee, working independently, described operative pro-
cedures for arthrodesis of the spine. Hibbs developed a method of fusing the
spine by multiple small osseous flaps from adjacent spinous processes, laminae,
and articular facets. Albee used a curved cortical graft from the tibia reinforced
by cancellous bone. The success of these operations in the treatment of tuber-
culosis of the spine led to their wide acceptance and to their use in the treatment
of other problems relating to the back. Fatlure of the operations led to much
controversy as to the merit of the procedures. The arguments served to bring
out the strong as well as the weak points of both methods and led to other
workers deseribing many modifications and combinations of the two operations

Fic 1 -Ienry and Gesst shoulder rest,
(Henry, M. O, and Geist, C S : J Bone & Joint Surg, 15 622, 1933 )

LEVEL OF FUSION

At operation it is often difficult to 1dentify the exact level to be fused Marking
and confirming the level before operation may be done by several methods. In
this clinie, a pin-point spot is tattooed with methylene blue just to the side of
the spinous process to be fused, A hypodermic needle 15 inscrted through the
spot and the exact level is determined by a lateral roentgenogram. The needle
15 removed and the tattoo mark is used as a guide.

SUPPORTS

S0 as not to cmbarrass rcspim(ion during operation, a shoulder rest, as
described by Henry and Geist, or the horse-collar shaped pad described by
Chandler is used to raise the thorax shghtly from the operating table (Figs
1 and 2).

Intravenous infusion of saline and glucose is r ded at the beg
of the operation. In this clinic, in addition to the mtrayvenous saline and glucose,
blood transfuston 15 started routinely at the beginning of the operation.

The choice of anesthesia does not differ from that in other major surgical
procedures and depends Jargely on the patient’s general statc.
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INCISION

Albee employed a curved incision starting in the lnidlin(" two ;ll‘“llx.rcc'\];:rh:-[:'l:ll(cl'
above the area to be fused. The incision swings to one side of the mic mfl.l. !
ends in the midline well below the diw:\scq area, Mauy np’cml())rs‘ us(; a mid :)n;
inaision, especially those who employ a Hibbs type technic where the spinou

Fic 2 —Horse collar shaped hair mattress pad for shoulder rest and chiest protection
{Courtesy of Dr Fremont A Chandler )

processes are removed When the spines are left at full length, the curved inci-

sion 15 preferable as it places the shin necision to one side of the prominent
spines and the graft,

HIBBS' ARTHRODESIS

Hibbs, 1 his first 3 operations, made no attempt to fuse the Jaminae or the
articular processes. He described his first operation as follows: “This operation
was done through a longitudmal incision directly over the processes, the higa-
ment was splt, the periosteum of the processes remased very carefully and re-
tracted with the muscles. The processes were divided at their bases as closely
as possible without opening the canal. Then they were placed longitudinally
so that there was fresh bone contact, one in the proximal, touching the lower
part of the fresh base from which the process was removed, and the distal end
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in contact with the upper part of the base from which the next process
removed, and 5o on throughout the diseased area, so as to ankylose the dise;
one to healthy vertebrae above and below™ (Fig. 38). The operation was -
foimed on January 9, 1911. A lateral view roentgenogram made on April 5, i
and 1eproduced in Hibbs' original article demonstrated excellent bony fusior
the 4 operated spmous processes

In the evolution of spmal fusion Hibbs added fusion of the larmnae anc

Fic 3 —Illustration of Hibbs® ontgnal fusion, which shows his scheme of using the spin
processes for sohdifying the postenor aspect of the neural arch The processes have been
across at their bases as closely as possible without operng the canal They have been placec
longitudinal positions so that the upper portion of the cut spine touches the lower part of
fresh base from which it was cut and the distal portion of the base from wlich the next proc
was femoved In this, hus first operation, no attempt was made to utthize the lammze or
atticular facets in the fusion,
{Hibbs, R A * New York State ] Med, 93 1014, 1911.)

the artrcular facets The principle of the Hibbs operation has remained the sar
but there have been many useful minor modifications The Hibbs procedure
described by Howorth is, in general, as follows: A midhne incision is ma
through the skin and subeutaneous tissue. After the skin 15 draped the de
fascia and the suprasptnous ligament are incised longitudinally, A coagulatn
cautery may be used to control the deep bleedwtg The supraspinous ligame
is strpped from the spinous processes subperiosteally. The interspinous hgamen
are then mcised longitudinally. With sharp periosteal elevators the penosteu
is stripped from the spinous processes and laminae far enough laterally to expo,
completely the lateral articulations. Large Hibbs packs inserted tightly as eac
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F1c 4 —\feyerding’s instruments used i denuding and abrading the articular facets (1, b, ¢

Exposure of mtervertcbral articular facets by special retractor (d, e} Small, sharp chisel for

destruction of articular surfaces of facets, method of use, and impaction of cancellous bone

mto the denuded jomt, (f, g) Small, sharp hand type of saw and method of use for further

destruction of artrenlar facets and the subchondral bone of these articulations. (h, 1) Preparation
of bony bed and placement of grafts

(Mescrding, I W Surg. Gynee & Obst, 9450, 1947 )

lammna 15 exposed help to control bleeding and aid 1n stripping the periosteum,
The spmous processes are cut across at their bases and removed to be cut mnto
long thin fragments which are eventually laid across the mterlaminal spaces.
The lig um flavum attach are cut from the superior margin of the
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in contact with the upper part of the base from which the next process was
removed, and so on throughout the diseased area, so as to ankylose the diseased
one to healthy vertebrae above and below” (Fig. 3). The operation was per-
formed on January 9, 1911 A lateral view roentgenogram made on April 5, 1911
and reproduced in Hibbs’ original article demonstrated excellent bony fusion of
the 4 operated spinous processes,

In the evolution of spinal fusion Hibbs added fusion of the laminae and of

Fic 8 —Illusteation of Hibbs’ ongmal fusion, which shows Its scheme of using the spmous
processes for sohdifying the postenor aspect of the neural arch The processes have been cut

was removed In thus, hus first operation, no aftempt was made to utilize the Jammae ‘or the
articular facets i the fusion
(Hibbs, R A New York State J. Med , 93 1014, 1911,)

the articular facets. The principle of the Hibbs operation has remained the same
but there have been many useful mmor modifications. The Hibbs procedure as
described by Howorth s, m general, as follows. A midline incision is made
through the skin and subcutaneous tissue After the skin is draped the decp
fascia and the supraspinous ligament are incised longitudinally, A coagulating
cautery may be used to control the deep bleeding. The supraspi lig: t
1s strpped from the spinous processes subperiosteally. The interspinous ligaments
are then 1ncised longitudinally. With sharp periosteal elevators the periosteum
is stripped from the spmous processes and laminae far enough laterally to expose

ly the lateral articul . Large Hibbs packs inserted tightly as each
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Interveriabral
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Irtervertabral srimalar faaets

Fic 4 —Meyerding's used in denuding and abrading the articular facets. (a, b, ¢}

Exposure of intcrvertebral articular facets by special retractor (d, ) Small, sharp chisel for

destruction of articular surfaces of facets, method of use, and mpaction of cancellous bone

mto the denuded Jomt (f, g) Small, sharp hand type of saw and method of use for further

destruction of articular facets and the subchondral bone of these articulations (b, 1) Preparation
of bony bed and placement of grafts

{Meyerding, H W : Surg, Gynec & Obst, 9450, 1947,)

lamma 15 exposed help to control bleeding and aid in stripping the periosteum.
The spinous processes are cut across at their bases and removed to be cut into
long thin fragments which are eventually laid across the interlamnal spaces.
The hg; um flavum attach are cut from the superior margin of the
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distal lamina and from the inferior margin of the proximal lamina, which over-
hangs 1t. The higament is largely removed with a sharp curet, leaving only the
thin anterior layer of the ligament with the upper and lower edges of the laminae
well exposed. Howorth has pointed out that it is important to remove carefully

Fic 5—Cunved gouges as described by Meyerding used for taking grafts from the sacrum and
lamunae It 15 an excellent snstrument for denuding articular cartilage from the facets, particularly
when the facets face in an oblique plane
(Courtesy of HH W Meyerding )

all the hgament from the small fossae adjacent to each lateral articulation. The
lateral articulations are then denuded of their articular cartilage with a sufficient
amount of the underlying cortical bone to expose good bleeding surfaces. When
the articular surfaces lie m the sagittal plane the joints are best excrsed by a
straight, sharp osteotome If the jomts are situated obliquely they should be
denuded by specially angled ostectomes

Meyerdmg has descnibed excellent mstruments for denuding the articular
facets (Figs. 4 and 5). When the articulations are completely denuded, small
fragments of bone arc cut from the adjacent edges and jammed into the gap
between the articular processes. The chips may be supplemented by additional
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grafts, When the fragments are completely impacted they should form a com-
pact mass filling the entire excised area. Next, small, slender, but long grafts are
cut with a gouge from the Taminae and tumed across the interlaminous spaces;
the grafts interdigitate and are left attached at their bases as much as possible.
Then the fragments prepared from the spinous processes are laid longitudinally
across the interlaminous spaces. The careful placement of these chips is of
greatest importance, 1f the grafts are placed in a haphazard manner lying in
any direction, the chances of pseudarthrosis are greatly increased. H there is
not sullicient bone, additional bone from the iliac crest or tibial crest or from
a nb may be used, as advocated by Ryerson (sce procedures deseribed by
Henry, Lewin, Petter).

Postor: ranve Cane

For postoperative care Howorth points out the smportance of the general care
of the patient and emphasizes the need for postoperative fluids, transfusions,
and adequate diet, He recommends ummobilization of the spine by bed rest and
a brace or plaster jacket until the fusion has become sufficiently strong to support
the weight of the trunk and ordinary body movements In turning, the patient
should be rolled in such a way as to mave the teunk en masse. For simple anom-
alies or compression fractures, bed rest for siv weeks to be followed by a brace
for a total of four months 1s recommended by many (sce procedures of King
and of Chandler). In the care of the patient wath spondylolisthesis, scoliosis,
or tubereulosis, bed rest for 12 weeks s thought advisable and the wearing of
a support for an additional three to six months,

ALBEE TECHNIC

Albee, n his ongmal description of the operation now known by his name,
described the procedure as performed in a four-year-old child as follows: “An
incision was made directly over the tips of 4 spinous processes with kyphos in
the center. Each process was split longitudinally for about 1'% mnches mto two
portions, one-third of the process on the Jeft and two-thirds on the right. The
soft tissues between the processes were separated by blunt disseetion or by
scalpel parallel with the muscles Greenstick fractures were produced at the
base of the one-third portions of each of the processes. A wedge-shaped cavity
was thus produced, ready to receive the bone graft. A compress of hot s1lin)c
was placed over the wound A prism-shaped piece of tibia was then rcm::\cd
by means of a chisel with the periosteum ntact on 2 of its surfaces The graft
taken was about 4 inches by linch by ?, inch It was placed in the intg N 1
between the portions of the spinous processes. The dense fascia o o
the processes was then approximated by interrupted sutures of No 8 chromi
catgut. The skin was closed by continuous suture of number one plain calt-omtlS

In.developmg the bone graft operation Albee made many suggestions A
details. The length and shape of the required graft are determined b ]“IS ©
and a flexible probe applied to the gutter bed. If the kyphos is great yﬁfﬂ Lpers
graft 1s cut or molded nto a segment of a circle 1n order that tllie Cf;meis ::]e]

not project beyond the tip of the spinous processes distal from the kyphos

ver the tips of
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(Fig. 6). The spinous processes are spht with a broad, thin osteotome, After
one process has been split, one edge of the osteotome may be anchored in the
cleft so as to guide the other edge while it splits the next process above or

Fic 6 —Albee’s fusion by massive curved graft of the nbia U{)pcr ansert shows method of re-
moving tibial graft Lower msert shows cross secuon of vertebral body and demonstrates the
graft in place. The graft should be in contact with the denuded laminal arch and spious
process Large amounts of cancellous bone should be packed about the graft and the denuded
spines.
(Speed, ] S. Operative Orthopaedics, C V. Mosby Company, 1939 )

below. Great care must be taken to fracture only one of each pair of spmous
process halves The gutter for the graft must be bounded by a row of fractured
half-spines on one side and a row of unfractured half-spines on the other, with
their split-imbedding ligaments.
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The graft from the tibia must be long enough to cover the entire Iength of
the gutter, includmg that in the intact vertebrac. Tt must be strong enough to
stand the strain to wlich it will be subjected The shaping of the single graft
can be accomplished only to o limited degree. By cutting the upper and lower
portions of the graft from the antero-nternal surface of the tibia at an angle
to the mis of its middle portion, which crosses the tibial crest, one can secure
a graft with a greater or lesser curve, but the tibia s not wide enough to pmvidc
a smgle graft suitable for more than a moderate kyphosis. In more extreme
cases of kyphosis, Albee recommends the use of the “bundle of reeds™ graft.

Grarts

For removal of the graft a skin incision is made along the anteromedial sur-
face of the tibia, and is so placed that its closure will not bring the skin sutures
over the bone eavity produced by removal of the graft. The skin is dissected
from the periostenm and the muscles freed from their attachments to the outer
side of the tibial crest. In general, the graft should include the total thickness
of the tibial cortey, ie., the periostcum, the endosteum, and the marrow, and
its wadth should be three to four times this amount or approximately one-fifth
of the diameter of the tibia. The graft must be long cnough, in most instances,
to include the spines of two healthy vertebrae above and two below the diseased
arca. With the molded probe servng as a pattern rod, the required graft is
outhned on the periosteum of the tibia with a scalpel. The shaping of the graft
is most important The graft should bear no corrective stress at the time of ats
insertion If the kyphosis is extreme, the graft should be cut curved to fit the
contour of the kyphosis. The graft 1s placed in the previously prepared gutter,
the supraspinous higament 1s closed first over the central portion of the graft
and then over its extremities The sutures should be passed deeply enough to
get a firm hold upon the higament and to close the spinous processes to obtain
intimate contact between the graft and the raw surfaces of the spinous processes.
The muscles and deep fascia are then closed over the graft as is the curved skin
masion. The treatment following Albee fusion 15 recommended for the post-
operative treatment of Ehbbs arthrodesis

Osteoperniosteal grafts may be used to renforce the Hibbs fusion or may be
used as 1s the Albee graft when the kyphosts is severe. Lewin and others have
pomnted out the advantages of such a graft, The osteapertosteal graft is taken by
means of mallet and clisel. An mcision of the desired length is made over the
tibia as in taking the Albee graft The tibia is exposed with ats penosteum left
intact. The contour of the graft is outlined with a scalpel through the pertosteum
An osteotome 15 then driven into the tibia without disturbing the soft part attach-
ment of the portion to be taken for the graft The osteoperiosteal graft 15 then
raised by means of a esel with gentle blows by the mallet. If this graft 1s taken
:‘:::;equy the bone fmgmcnts are held together by the fascia and periosteum and

mass can be fitted into the contour of the lammal or spmous process bed.

Whitman described the use of nib grafts to reinforce the Hibbs procedure. He
observed in operating on the more advanced types of scoliosis that at the point
of maumum curvature, the lammae on the convex side of the vertebrae were
so overhung with deformed spinous processes and nibs as to be in many cases



474 MONOGRAPHS ON SURGERY

inaccessible. The efficacy of the routine Hibbs operation was thus in these ex-
tremely scvere cases diminished one-third, It occurred to him that the exased
sections of ribs removed to correct deformities in the costal cage might be used
as a graft. Thewr curvature was found to coincide almost exactly with the con-
vexity of the spme. The nbs were sometimes split and sometimes used whole

Petter described the use of multiple nib grafts to remnforce the Hibbs fusion.
The grafts arc cut mto splinters which measure roughly 4 em. in length and 2 to
3 mm in diameter. For taking the graft an ncision is made over the 9th and 10th
ribs from the edge of the erector spinae muscle group laterally for a distance
of about 15 or 20 em. The b to be used 15 removed subperiosteally by meision
and stripping of the pertosteum in the same manner as that carried out in the
usual thoracoplasty. If sufficient bone cannot be obtained from one rib, segments
measuring fiom 10 to 12 em. 1n length are taken from alternate ribs The grafts
are placed longitudinally in the lammal beds in contact with the denuded
laminae and with each other

OTHER OPERATIVE PROCEDURES

Henry and Gesst have described a modification of the Hibbs procedure using
multiple chip grafts from the upper end of the tibiz which provides both cortical
and cancellous bone. A midline incision at least 12 in in length is made extend-
ing over the area to be fused Henry and Gest 10dize the cut edges of the skin
as advocated by Dunn before applying skin towels. The spinous processes and
the laminal arches are exposed as described under the Hibbs fusion Next, by
using the hand clisel and utilizing the spmes for leverage, small thin shavings
of bone are r d from the 1 unti] their exposed surfaces are entirely
raw The lJamimal bone bed is prepared by hand chisels without use of hammer-
ing The spinous processes are then removed by bone-cutting forceps. One spinous
process at each end of the field to be fused 1s cut obliquely to avoid disfigure-
ment, A second team i the meantime removes multiple chip grafts from the
ttbia These grafts are finger nail in size A large handful of grafts 1s needed
Sumlar grafts are prepared from the removed spinous processes The chip grafts
are distributed evenly over the laminal bed and are pressed into contact with
the raw Jaminae and with each other by the usc of the blade of a broad raspatory
(Fig.7) The periosteum, muscles, and dorsal fascia are sutured over the grafts in
the usual manner, No cast is apphed until the end of 12 days, when a plaster of
panis body jacket 15 applied on the Goldthwait 1rons The patient is kept recum-
bent for a period of 10 weeks at the end of which time he 15 fitted with an Osgood
type of brace with axillary erutches. This is usually worn for about three months

Gibson described a modified techmic of spinal fusion with the use of a bone
graft adapted in contour to fit about the spinous processes. Ilis technic over-
comes two difficulties: first, adaptation of the graft to a curved contour; second,
accurate sphtting of the spinous processes themselves. He uses a massive H-
shaped graft which 1s self-retaining. Through a midline incision, the spnous
processes are approached subpenosteally. In clearing the processes, attempts are
made to roll back with the soft parts on either side a layer of periosteum with
a “scraping” of bone on its deep surface The laminae are exposed in a similar
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Fic 7.—Henry and Gesst multiple chip techme of spine fusion,
(IIem’y, M O, and Gesst, E. § J. Bone & Joint Surg, 15 622, 1933.)
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manner. The tips of the spinous processes are Ieft intact. This leaves a
like expansion at the tip of the spine covered by a cushion of supraspinc
ments, The spines of the vertebrae to be fused are then amputated le
flat aren of bone on which the graft is to be placed. The sides of two
above and below, are then made raw with the small chips being left m y
The graft is taken from the tibia, its length being equal to the fotal e
the spines to be fused. The tibia is exposed as described under Albee fus
the graft is taken by means of an electric saw. With a large blade, fc
are made parallel to one another. The two peripheral cuts extend the
Iength of the graft The two inner cuts are interrupted so as to leave
corresponding to the graft hed. The central cuts are fairly close together,
blade 1s then fitted to the saw and cuts are made in cach end so as to
the separation of the graft, When tle distal portions of the graft hetw
inner cuts are removed, one has a double fishtail or clothespin type g
removing the central distal slivers, the base of the sliver where it is to
free from the graft is narrowed. The groove at one end is made to stid
the raw surfaces of the two upper spines and the sliver 15 tapped snug
position by blows upon the free end, The engaged fishtail has sufficient s)
glide over the cushioned spinous processes and to be held from spring
agam by the clasticity of the bone. To insure that the graft will fit sugl,
shivers are tapped in between the limbs of the fishtail graft and the
processes at the upper and lower poles of the fused area. Bone chips a
packed about the graft and along its under surfaces Since Gibson’s paper
other similar modifications have been reported. Most operators now
attempts to fuse the articular facets with this procedure

Bosworth has deseribed the use of the clothespin or H-shaped graft,
he advocates on the basis that if graft placement can be solidly maintai
the shape of the graft alone without other fixation, results of attempts :
rodess are improved, The 11 graft is cut with the ends notched to rece
spmous processes at cither end of the fusion arca, Grafts may be taken fr
tibia or from the iliun, After the routine Hibbs type laminal bone bed
prepared, the operating table is adjusted and the patient is placed with ¢l
to be fused i Hexion to separate the spinous processes, The graft s then
with the notehied ends fitted about the spimous processes at the end of th
to be fused. The patient 1s then extended with the graft locked into postt
the spious processes, The T graft is reinforced by separate iliac strips
underneath in contact with the posteror elements of the vertebrae (F
Bosworth has observed that separation of the postenior elements of the
columu was not only found to occur owing to the leverage action of the gr
because separation of the anterior elements occurs as well He 15 of the ¢
that the intervertebral foramina of the grafted arca are enlarged by the ¢
tion. In the early cases Bosworth used plaster jackets applied immediatel
operation, The jacket is now generally applied two to three weeks postope
Where the massive graft has been fashioned of iliac bone, the patient 1s
ambulatory immediately following cast appheations. For accurate estima
spinal fusion, rocntgenograms in flexion and extension, and nght and left
flexdon are recommended by Bosworth,
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Allison described a fusion operation of the spine in which he combines bilateral
osteoperiosteal grafts with the Hibbs procedure. The surgical approach is the
same as described for the Hibbs technic. An incision is made in the midline over
the tip of each spinous process dwviding the supraspinous ligaments in a true

[ e e

4
Fic 8 —Clothespin graft as advocated by Bosworth (1) Site of ilac inersion and outline of
massive thae graft used for clothespin (2) Cancellous thae strps to be packed about the massive
graft. (3) Clothespin graft i place with cancellous strips pncEcd about 1ts penphery. (4) When
two or more vertebrae are to be mcluded 1n the fusion with the sacrum, the H portion of the
;jg_mn may be cut to fit about the spine of the sacrum and the spine of the uppermost vertebra,
he crossarm of the H may be windowed to recenc the spimous processes of intersemng
vertebrae €

(Bosworth, D M Am J Surg, 67 61, 1945.)

mid-vertical line, He suggests that this be done by securing each spin

m the grasp of a curved cglnmp and making a vertiyca] knife%;m in tl[:e ;‘S_g;c;:

plane of the spmous process. From this entrance point the muscles, fascia, and

[ge;mstcum may be stripped from the side of the process along the ]ul‘;linae
elow. In prepanng the bony bed he turns down o bone shaving from each
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lamina as far as the lateral articulation, with the chisel bcing driven into the
lateral articulation. Following this, the articular cartilage is removed by a chisel
and small curets. The spinous process is then split Jongitudinally into three
fragments with a chisel and the spiny process 1s cut across at its base so that
these fragments may be broken down te lie in position overlapping the space
between the spinous process above and that below. In this manner the entire
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Fic 8 —King recommends the use of a notched Bennett retractor for eposure of the lateral
1 and specal for removal of articular facet from artrcular cartilage
{King, D Am J Surg, 66 357, 1044 )

area of the posterior spinal arch 1s bridged with bony fragments, each of which
1s still loosely attached to a base The fragments are flattened out so that the
surface is a rough surface of fractured bone and continues from the upper limit
to the lower Iimit of the area to be fused. On each side of the midline an osteo-
penosteal graft from the tibia 1s placed with the bone side down, the two strips
of the osteoperiosteal material being one-half inch wide and long enough to
reach the limuts of the denuded area. He secures his osteoperiosteal graft m a
manner sumilar to that described by Lewin The closure is m the usual manner.
For postoperative care he recommends the use of a firm mattress and states that
that 1s all that is neccssary for the first 10 postoperative days. After removal of

~
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the sutures and when the wound healing is established, the patient is supplied
with a suitable brace or a plaster of paris shell. Absolute recumbency s used
for a period of cight to 12 weeks. Supportive protection of the spine as well as
carcfully planned supervasion of activity is recommended for at least one year
after the operation.

King, secking a method for fusion of the spine in which immediate rigid in-
ternal fixation could he secured, described the use of vitallium serews across the
articular facets. To test the strength of the facets and the rigidity of the fixation

F1c 10 —\Mcthods of exposng the articular facets by the Taylor retractor or the Chandler
retractor
(Baker, L D, and Host, W A Jr South M [, 41419, 1948 )

the operation furnishes, the procedure was done on fresh cadavers. With the
cadaver m the prone position, a hook was placed under the fifth neural arch
and upward traction made with a rope passing over a ceiling pulley. It was found
that small and medium-sized cadavers could be raised from the table without the
fixation giving way In one very heavy cadaver, just as the trunk cleared the
top of the table with the legs and arms still touchmg, the lammnae fractured
on either side of the hook under the spinous process without disruption of the
serew fixation In another mstance mn a heavy cadaver, the arch gave way
bilaterally at the screw holes. ?

Tlle patient 15 placed on a hinged table, the lumbar lordosis bemg partly
obliterated by lowering the head and foot of the table. The surgical approach
as described under the Hibbs procedure 1s performed The intraspinous z;nd
supraspinous ligaments and all soft tissues are carefully removed from the area
to be fused. The lateral articulations are exposed by dissectton and scra in‘
away the posterior portion of the joint capsule. For this exposure, Kin ‘lu)seg
a mnotched Bennett long boue retractor (Fig. 9). A Chandler elévmorg or :
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Taylor retractor may be used (Fig. 10). Erther instrument allows excellent
leverage and full exposure of the surgical field. As much as possible of the

Fic 11 (A} I 15 made i the p d facet by means of a long pomted steel istru-
ment (B) A hole drilled through the contiguous facets A fong dnll pount will aid 1n preventing
the spunous process or the lammal arch from blocking the shank of the dell (C) Insertion of
the screw
(Baker, L D, and Hoyt, W A,Jr South M J, I 419,1948 )

articular cartilage of the facets is removed, and a flat thin flexble cautery tip
1s then inserted into the jomt and the remamng cartilage cauterized. The fifth
lumbar spmous process is removed and put aside to be used as a graft A notch
15 then placed 1n the middle of the cortical surface of the superior articular
facet of the fifth lumbar vertebra for the reception of the tip of a No 31 drill
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This notch prevents slipping of the drill point when it begins to rotate, The
deill is directed downward and outward parallel to the inferior edge of the
fifth lamina, The resultng tunnel will pass through the midline of the two
facets and on into the lateral mass of the sacrum, A vitallium serew is placed jn
the tunnel and tightened, and the same procedure is carried out on the opposite
site {Fig. 11). Rigid lumbasacral fvation can be demonstrated by seizing the
stump of the fifth lumbar spinous process with a heavy Kocher hemostat and

« s
Fic 12 ~(1) After the articular cartilage Tas been exased from the facets and the serew has
lx-cn(FLucd aczass the jont the liminal arch and the penphery of the facets and the pedicle are
denuded of cortical bone (2) Small (Inps are then Lud about the denuded articular surfaces
(8) Grafts cut fram the excsed spimous processes The laminae and sacrum are then placed n
the fresh hony beds, AJ(’hhnnargmft\ from the 1hac crest are used as needed
(Baker, L D and Hovt, W A, Jr Seuth M J, 41419, 1948 )

Ifting toward the ceiling, If additional vertebrae are to be fused, similar
processes are carried out between the respective articular facets, The remander
of the operation consists of elevating multiple small bone chips from the laminal
arches and from the dorsal surface of the sacrum (Fig 12) Supplemental bone
grafts from the fbum or tibia are always used by King, ihac bone being pre-
ferred (Fig 13) ’

Anderson has described the use of finely chopped grafts placed along lateral
troughs. His exposure 1s essentially the same as that as described by King,
The second step 15 to remove the dorsal portion of the lamina and all of the
infenior articular facet m one prece The supenor facet of the vertebra below
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is then denuded of cartilage and the dense subarticular bone down to cancellous
bone is resected. The posterior surface of the pedicle is chiseled down to bleeding
bone In the meantime an assistant has cut the fragments from the spinous
processes and the laminae into tiny grafts the size of “grapenuts.” These crumbs
are poured into the lateral troughs formed by the excision of the dorsum of

Fic 13 —Lateral view of lumbosacral spine showing bony fusion Fue years follow-up (King>
arthrodesis).
{Kmg, D Am J Surg, 66 357, 1944)

the lanunae and facets. If the crumbs, after they are packed down firmly, do
not come to the level of the vertex of the remains of laminae, additional bone
should be obtamed from the crest of the ilium or from fresh donor or bank
bone, The muscles are hfted up over the crumb grafts, care being taken not to
displace the fragments, after which the tissues are closed in the routine manner
(Figs. 14 and 15).

A thick cotton compression dressing is placed over the wound Anderson
emphasizes the importance of the spinal muscles holding the grafts which have
been placed laterally so that the large spinal muscles will lie directly over the
laterally placed mounds of small chip grafts.



ARTHRODESIS OF THE SPINE 483

Fic 14.~(A) Removal of the dorsal portion of the lamina and all of the nfenor articular facets
(B) Articular cartilage removed from the supenor facet of the vertebra below (C) Tiny grafts
beng placed abont the lateral trough formed by exciuon of the lamina and the articular facets,

(Courtesy of Dr Roger Anderson )
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Chandler has described the use of vertical and transverse iliac grafts combined
and held by 18-8 wire. His incision and approach to the spine, lammae, and
articular facets are as deseribed under the Hibbs and King procedures He
cmphasizes radical treatment of the Iateral mticulations which he resects with
a thin osteotome. Following this, he makes three longiludmal incisions in the
adjacent bone of the facets, then, with the use of an impactor, he breaks the

Fic 15 —Cross section of the wound showing the grafts in the prepared bony bed with the
museles hited up and over the crumb-size gm?ks

(Courtesy of Dr. Roger Anderson )

adjacent bone down and impacts 1t mto the debrided joints using additional
cancellous bone if necessary to pack about the joint. After the lammae are
denuded thoroughly of their cortical bone and all articular facets have been
treated as described above, ihac grafts are inserted in the following manner*
The first two grafts are placed wath their cancellous surfaces down 1n contact
with the denuded lammae to be fused. Two additional grafts are then placed
1n horrzontal positions in the interspinous spaces between L, and L;, and L, and
Sy. The latter two grafts are notched to fit well about the inferior surface of the
spine above and the superior surface of the spime below, and they are made
sufficently long to overlap the two grafts placed in contact with the lammae.
An 181-8 wire previously placed between dnll holes in the upper portion of the
spmous process of L, and m the lower portion of the first sacral spinous process
15 then tightened to stabilize the fused spine and to hold the grafts snugly m place
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(¥igs. 16 and 17). Chandler is of the opinion that no external support is needed
and the patient 1s permitted to be up and about as soon as he desires

' ? ‘ AN A j
L',“..“_'_:'_')’.‘_”’p N

Fic 17 —Chandler’s method of using vertical and harnizontal gm(“ to renforce the Hibbs type

of fusion The vertical grafts are placed laterally over the denuded lammae and the exased

articular facets The horizontal grafts are notched and ftted mto the mterspinous spaces The

grafts are held m place by an 18- wire previously placed between dnll holes i the upper

portion of the spinous process of lumbar 4 and in the lower portion of the first sacral spinous

process The wire 15 tightened to stabiize the spme and to hold the grafts snugly m place,
(Courtesy of Dr Fremont A Chandler )
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Albscess, perinephric, symptoms, 330
staphylococeal, chemotherapy in, 38-39
Acromegaly, 420
Actinomycete, 8
Actinomyeetin, 4
Actinomyemn A, B, 32
Actmomycosts, chemotherapeutie
ment, 63-65
Adrenal gland
cortical hormone, effect on bone growth,

treat-

cortical tumors, laboratory diagnosis,

hormones, 362
medullary tumars, laboratory diagnosts,
368-369
Adrenogemtal syndrome, sheletal changes,
a
Aerobacter acrogencs, causing urinary in-
fections, 324
Aerosponin, 8, 29
Aleoholism, i etiology of pancreatutis,
138, 159
Allergy, pancreatibis and, 160
Alliain, 35
Alpha-estradiol, 361
Ampulla of Vater, obstruction, 1 etiology
of pancreatitis, 143
Audrogens, 359-360
assay methods, 360
defictency, 362, 363
n hypogonadism, 364
unnary, bio-assay of, 360
Anermia, in endometnal carcinoma, 229
A 3, 1 pul tion, 101
m radium t’nempy of endometrial car-
cinoma, 276
Aneurysm, dissecting of aorta, differenti-
ated from acute pancreatitis, 182
Antibioties Sce Actmomyem A, B, Aero-
sporm, Allicin, " Aspergillic acid,
Aureomyen, Baatracin; Cana-
valin, Chlorellin, Ch]orom)cehn,
Chlorophyll, Citrinin; Clavicin,

Clasiformin, Dicumarol; Flava-
aidin; Flavacin; Fumigacin; Fu-
migating  Ghotoxin; Patulin;
Penatin;  Peniciding  Penioilling
Peniallin aeid, Pyocyanase, Pyo-
cyanine, Streptomyein, cte.
Aottic ancurysm, dissecting, differentiated
from acute pancreatitis, 182
“Apoplevy, pancreatie,” 156
Append . acute, diff iated
acute pancreatitis, 180
Arthmitis, chronic hypertrophic, pathelogic
changes in hones, 428
Arthrodests, spinal. Sce Spine, arthrodesis
Aschheim-Zondek test, in testicular tumors,
367

from

4
Aspergillic acid, 84
z\urcnmf‘cm, , 30
i pylephlebitis, 68
m urinary tract infections, 322, 323
Aurcomycin hydrochloride, 30
Azo dyes, 4

Bacillus proteus, causing uninary infections,
323, 324, 305
NU 445 in, 324
Bacillus pyocyancus, causing urinary in-
fections, 323, 324, 325
Bacitracin, 7, 28
dosage, 29
in actinomycosis, 64
in anaerobic streptococeal infections, 55
Bactertophage, 9
Bactenostatic and bactericidal activity, dif-
ferences, 9, 10
Bropsy
aspiration, dangers, 99
endometrial, jn diagnosis of uterine car-
cinoma, 235
 pulmonary carcinoma, 97-98
Bladder nfection See Cystitis,
Bone(s)
absorption, 414
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Bone(s) (continued)
aseptic  necrosis  followmg  injury,
427430, See also  Arthntis,
chronic hypertrophic;  Caisson
disease, Osteochondritis  dis-
secans, etc
avascular necrosis, 429
cadaver, for bone banks, 396
caleum n nutrition of, 414
chemical abnormahties, 411
circumferential growth, 414
composition, 411]—41;’3 .
epiphyseal growth, 41
glr’a?ts,yhfe lglrstmy of, 430
awth, 413-416
omogenous transplants, blood group-
ing nrelevant, 386
chnieal results, 399-402
complications, 403
expertmental, 383-384
evaluation, 403
tresh vs, trozen bone, 399
histologie appearance, 384
preservation, 387-396
sources, 396
storage, 387-396
1n acromegaly, 420
1 hypergonadism, 423
m hyperthyroidism, 422
1n hypogonadism, 423
i hypoparathyroidism, 421
in hypothyroidhism, 422
i ostettis fibrosa cystica generahisata,
2
i pitwtary dwarfism, 420
n pituitary gigantism, 40
1n nchets, 419
in scurvy, 419
infection, 431-432 Sec also Bones, tu-
berculosis, Osteomyelitts, ete
inflammation, 431-432
injuries, 424-430. See also Fractures
mtracartilagimous ossification, 413
linear growth, 413
mrmeral content, 415
nitrogen content, 412
nutrition, 416-424
phosphorus 1n nutntion of, 417
phystology, 421
preservation Sce also Bone banks
cooling by slow methods, 388
evpeniments, 394
ref‘:lgemtmn, 387-396
subzero temperatures, 390-396
rarefaction, 1n areas adjacent to necrotic
bone, 428

INDEX

Bone(s) {continucd)
regeneration, 415
in homogenous transplants, 386
resorption, 415
role of osteoblast in growth and regener-
ation, 415
structure, 411-413
transplants, healing, 394
transplantation, 383-407. Sce also Bone
banks
principles of, 386
tuberculosis, 433
vascular aceidents, 427
vitamin A deficiency and, 417-418
vitamin C deficiency and, 418
vitamin D deficiency and, 419
vitamms 1n nutnition of, 417
Bone banks Sce also Bone, homogenous
transplants
evaluation, 403
precaubons m collecting materal, 396
preparation of matenial for storage, 397
records, 397
sources of materials, 396
steniity of matenal, 396
storage methods, 397
temperatures, 387-396
Bronchography, in pulmonary carcmoma,
97

R T 1

P Y 3

Py, in

97-98

Caisson discase, pathologie changes in
Dbones, 428

Calcium, role 1n bone nutrition, 417

Canavalin, 35

Carbohydrate metabolism, regulation by
pancrens, 133-135

Carbuncles, pemetllin m, 42-14

Carcinoma  Scc under specific organ, as
Endametnum, carcinoma, Lung,
carcinoma, Prostate, carcinoma,

ete
Castration, i prostatic carcinoma, 369
syndrome of, 363
Cautery, 10 urology, 376
Celluhtis, acute non-clostridial crepitant,
treatment, 59-60
Cenix nters, carcinoma, hifferentiated
from endometral carcinoma, 240
Chemothzrapeutic agents See also Aureo-
myem, Baatracn, Chloromy-
cetin, Pemeilln; Polymivon,
Streptomycin, Sulfonamides
origin, 9
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Chemotherapy
definition, 3
deselopment, 3-8
history, 3-8
in acute pancreatitis, 159
in surgery, 3-73
prnciples of, 36-38
Chilorellin, 85
Chloromycctin, 8§
in pylephichitis, 66
oral admmstration, 31
Chlorophyll, 35
Cholangography. in diagnosis of spasm of
sphincter of Oddi, 144
Cholangitis, streptomycin in treatment of,
63

Choleeystectomy, m acute pancreabits, 169
Cholecystitis, acute, differentiated from
acute pancreatitis, 179

expenmental, not a cause of pancreatic

necross, 155

Cholelithiasis, m acute pancreatstss, 150

Chono-epithehoma, differentiated from en-
dometrial carcinoma, 211

Citrimin, 32

Clavacin, 33-34

Clavicle, fracture, medullary fixation, 457,
439

Claviforrmn, 33-34
Chmactenc, male, 363, 361
Cohe, Inhary, differentiated from acute
pancreatitis, 181
Colon bacillus infection of unmary tract
See Pyclonephntis, acute
Colonmetry, photoclectne, v urology. 375
Coronary artery discase, acute, differen-
tited from acute pancreatitss,
181
Cough, 1 pulmonary carcinoma, $8
Cryptorchidism, treatment, 364, 365
Cystitss, symptoms and treatment, 344-346
Cystometer, 3768
Cys!oscopcs. 375, 376
Cytohstology
m endometrial carcinoma, 235
in prostatic careinoma, 373
in pulmonary carcihoma, 98
1n unnary tumors, 372, 373

Dehydroisoandrosterane, 365
Duabetes mellitus, associated with endo-
metrial carcinoma, 221
Dicumaral, 85
ietl's cnisis, differentiated from acute
Pancreatitis, 181
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Dihydrostreptomycin, 27
in pyclonephritis, 322
in tuberenlosis, 66
Diverticulum, duodenal, in etiology of
pancreatitis, 154
Dwarfism, pitnitary, 420
Dyspnea, in pulmonary carcinoma, 90

Electrocardiograms, in acute pancreatitis,
177
. fat, p! e
ation of fractures, 441
Empyema, treatment, 55
Endocrines, influence on skeletal system,
119-421. Sce also Acromegaly;
Dwarfism, CGigantism;  Hyper-
parathyraidism, ete.
relation to urology, 359-362
sex, chinieal consideration, 362-371
Ludometrium
adeno-acanthoma, tistology, 258
bemgn hypc'rp‘lasi.l, ‘2:51

Emboli ting medull

y fix-

associated pathology, 206, 230
henign hyperplasia and, 251
blecding, 225227
body type and, 220
chrome writation in etiology of, 205
circumscribed, 243
classtfication, 254
chimeal classification, 231
cure by curettage, 237
curettage, 236-238
accuracy of, 231
m postchmacteric pertod, 234
when indicated, 233
cytohistologic diagnosis, 235
dangers of over-radiation, 281
diagnosis, 232-239
chmeal aids, 250
differential diagnosis, 239.243
diffuse, 245
discharge, 227-228
economic status of patients, 205, 225
endocrine 1mbalance and, 206-207,
o

21

dometrial biopsy n d

estrogen theory of prodﬁchon,’ .:’206~
209

etiolagy, 205-219

examnation of cervix, 230
examnation of uterus, 231

extent of disease, prognosis and, 296
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Endometrium {continued) Endometrium (continued)

carcinoma {continued)

five-year salvages, 298-300
frozen sections 1n diagnosis, 237
grades, 253-254

medence, 257
prognosis and, 258, 295
gross pathology, 243-250
hyperplasia, role n production of,

209-215

ncidence, 203
infertihty and, 222
irregular menstrual pattern, 223
late menopause and, 205, 221
localization by hprodol, 236
marrtal status of patients, 204, 222
metastases, 245-250

by blood stream, 248

by fallopian tube, 247

by lymphatic dramnage, 245

cervical and vaginal involvement,
247

involvement of parametrium by,
6

transperitoneal, 249

microscopic pathology, 251-261

obesity and, 229

over-radiation, dangers of, 281

pan, 228

pathology, 243-261

physical exammation, 229-232

plan of treatment, 233

postmenopausal bleeding, 226

precancerous lesions and, 251

predisposing factors, 220-225

premenopausal bleeding, 225

pieoperatne radum therapy, 262,

278-279

previous radiation and, 223

prognosis, 293-300

ractal meidence, 204

radiation, experiments in techme, 261

raduation pathology, 279-285

radium therapy, anesthesia, 276
o ST LTI L ey

complications, 284-285

mdicabions, 263

morbidity, 284

mortahty, 285

restdual carcmoma followng, 266-
68

carcinoma (continued)
radum therapy (continucd)
time interval before surgery, 283,
285
roentgen therapy, 266
supravaginal hysterectomy, 287
surgical treatment, 285-293
morbidity, 290
mortality, 200
ostoperattve  roentgen  therapy,
p 501 £ 194

symptoms, 219-229
total abdominal hystercetomy with
bilateral salpingo-oophorectomy,
288-293
total hysterectomy, 286
treatment, 261-293
optimum, 262
prognosis and, 297-299
radium alone, 263
radum and surgery, 262
results, 298-300
standardization, 261
without curettage, 240
types, 243, 252
unmmary symptoms, 229
uterine fibroids and, 206, 215
vagnal examination, 230
vagmal hysterectomy, 286-287
vagmnal metastases, treatment, 291.
293

weight loss, 228
with other prmary carcinoma, 229
menopausal hyperplasia, 244
necrosts, following radiation for carci-
noma, 272
tuberculosis, differentiated from car-
cmoma, 235
Estrogens, 361, 362
assay methods, 362
1n male chmactene, 563-364
1n metastatic prostatic carcinoma, 87
role m production of endometmal car-
cmoma, 206-209
sources, 208
Enzymes, pancreatic, 125-128

Fat embol pl tullary fix-
ation of fractures, 441
Female sex hormone, causing postmeno-
pausal bleeding, 227
therapy, dangers, 209
Femur, f d

roentgen 'Pp 5
265, 278
technic, 276

llary nailing, 445-

shortemng, in fracture, 448
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Fibroids, uterine, See Uterus, fbroids
Flavacidin, 34
Flavacin, 81
Ileming, Alesander, 4, 6
Florey, t W, i, 6
Fractures
axial pinning, Sce Fractures, medullary
fixation
Bohler technic of closed mailing, 152
changes in body metabolism and, 421
compound, dangers of inedullary fixa-
tion, 410
anshot, treatment, 410
healing, 125
hyperema of surrounding bone, 127
Kuntscher method of mailing, advan-
tages, 412, 152
malunion, osteotomy, 4147
medullary fixation, 439-1G2
Jp\urntut, 413-113
Bohler technic, 416
callus farmation, 441
complications, 460
fat embolism comphcating, 111
nfection complicating, 410, 60
Kuntscher method, 410-442
preoperatine and postoperative treat
ment, 453-135
removal of nail, 455
selection of nails, 460
supplementary external fixation, 451
supplementary nternal fivation, 417
448

technic, 445451
types of nails, 443
weight-bearing and. 155
naing, closed method, $52-453
new bone growth n, 425
oblique, medullary fivation, 447
open reduction, indications, 447
revision of callus preceding medullary
fixation, 447
segmental, medullary fixation, 417, 451
sites suitable for nahng, 442
Friedlander’s bacillus, causig urinary n-
fections, 324
Fumigacin, 33
Furmigatin, 83

Gallstones, pai, differentiated from acute
pancreatibis, 181

Gangrene, hemolytic streptococeal, treat-
ment, 54

(éas gangrene, chemotherapy, 62
emto-ungggy tract, female, “L” baaillus,
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Gigantism, pitoitary, 420

Gliotoxin, 33

Gonadotropins, urinary, 361-302
Gralts, in spinal arthrodess, 473-474
Gramicidin, 5

Habitus, endometrial careinoma and, 220

Hehvolie acid See Fumigacin

Hemophilus  influenzae, causng  urinary
infections, 324, 325

Hemoptysis, in pulmonary carcinoma, 89

Hemospermia, treatment, 366

Hexamethylenamine, m unnary infections,

)

Hesy Iresorcinol, as urinary antiseptic, 352
Hibhy spinal arthrodests, 467471
Histamine, 1 Laboratory diagnosis of pheo-
chromocy toma, 368
Hormone(s)
adrenal, 362
chiernieal advances ta, 339
follicle-stimulating, 361, 362
Intetmzing, 361, 362
[ "

1 .
Hyperplasia, role 1 endometnal carci-
noma, 209-215
Hypertension, artenal, 318
assoctated with endometrial carcinoma,
23

Hyperthyroidism, bone changes, 422

Hyperatammosts D, 419

Hypogonadism, 362-363 *

skeletal charactensties, 423

Hypoparathyroidism, bone changes, 421

Hypophysectomy, gonadal defects follow-
mg, 365

Hypothyroidism, bone changes, 421

Hysterectomy, for endometnal carcinoma,
286-291

Impotence, treatment, 364

Intectron(s)
1 | al . 55

human bite wounds, treatment, 60-61

m medullary naibng of fractures, 440

of abdominal wounds, chemotherapy, 57

renal, 310

renal and permephric, treatment, 330,

331, 834
streptococcal, treatment, 52
tuberculous, streptomycin in, 66-67
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Intection(s) (continued)
unary, 307-352
antibacterial agents, 331-333
aureomyan n, 322, 323
bacteria producing, 312, 331-333
bacteriology, 374, 375
chnmeopathologic considerations, 307-
310

diagnostic considerations, 311-312
due to staphylococel, 328-332
due to streptococei, 327, 328
etiologic considerations, 307-308
mixed, 325, 326

INDEX

Lung, carcmoma (continued)
chnical manifestations, 88-90
cough, 88
eytohistologie diagnosis, 98
diagnosis, 91-99
differentiated from pulmonary lympho-

sarcoma, 86
dyspnea, 90
etiology, 81-82
exploratory thoracotomy, 99
hemoptysis, 89
incidence, 77-82
lobectomy, 101

nontul gonorrheal, 307- 86-88

352 mortality rates, 78
pleuropneumonia organisms, 337-339 opcrablﬁ{ty, 105
types, 312 pam, 89

urea-sphtting, 324-325
Infertihty, i males, 363-366
Intervertebral disk, removal, spinal arthro-
dess following, 465
Intestinal obstruction, differentiated from
acute pancreatitis, 179-180
Inulin clearance test of renal function, 371

Kidneys
disease  Sce Infections, renal
: Tl 1

staphy ymp
328, 329
pyemic, staphylococcal septicemia 1n,
329
tests of function, 371-372
Klebsiclla preumontae Sce Friedlander's
baallus
Kuntscher methad of naling fractures,
439-441
disadvantages, 439

“L” bacillus infecting uninary tract, 337-

Laboratory techmics i urology, 859-377
Leukocytes, antibactenal power, 4
Lathasis, renal. See Urchthiasis
Luver, fatty infiltration, pancreas and, 130
Lobectamy, 1 pulmonary caranoma, 101
Lugol's solution, m surgical mumps, 51
Lung, carcmoma

age madence, 81

aspiration biopsy, 99

biopsy, 97-98

bronchagraphy, 97

bronchoscapy, 97-98

classification, 84-86

prognosis and, 108

pathology, 82-88
physical findings, 90
pneumonectomy, 101-103
preoperative care of patient, 100
prognosis, 105-108
racial meidence, 78, §0
radicactive dusts and, 82
roentgenographic diagnosis, 91-97
sex ineidence, 79-81
prognosis and, 108
stte of ongin, 82
treatment, 100-108
Lymphadenectomy, Iilateral pelvie, 1n
hysterectomy for endometrial
carcinoma, 288
Lysozyme, 4, 8

Male(s)
chmactenc, 363, 864
fertility, 365-366
stenhity 1n, 366
Mandelarune, i pyelonephnitis of preg-
nancy, 349
m urinary mnfections, 351
Mandehe acid therapy, 1 pyelonephritis,
319-320

1 streptococer nfections of urmary
tract, 327, 328
Menoy delayed, end
noma and, 203, 221
endometrial hyperplasia in, 252
Metacarpals, fractures, 457, 458
Metatarsals, fractures, 457, 458
Methy] testosterone, 363
Monochromates, in etiology of pulmonary
carcinoma, 82
Mumps, surgical See Parotitis, acute sec-
ondary, 49-52

al carci-
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Nephrectomy, for renal carbuncle, 334
in chronic pyelonephritis, 318
Nephrolithiaas. See Urolithiasis
New York Orthopaedic Ttospital,  bone
bank, 100
NU 415, in B. proteus, inlections ol urinary
tract, 321

Obesity, caremoma of endometrium and.
200, 229

Oligospenmia, gonadotrome therapy, 3006
Osteitis fibrosia cystica generahsata, 421
Osteochondritis disseeans, 428
Osteomy ehtis

acute hematogenous, 131

penicillin in, 41

clironic pyogente, chemotherapy in, 19
Osteotomy, 11 malunted {ractures, A17
Osteoporanis, i Cuslng's syndrome, 423
Ovary

relation of function to bone

3

nutnition,

tumors, differentiated from endometrial
carcinoma, 241
secretion of estrogen by, 207, 212

Pain

m acute pancreatits, 169

1 endometrial careinoma, 228

1 pulmonary carcinoma, 59

Pancreas

anatomy, 117-121

autodigestion, 151

blood supply, 120

carbohy drate-regulating
133-135

depression or absence of external seere-
tion, 131

digestine functions, 124-136

ducts, obstruction, 1 etiology of pan-
creatttis, 151-154

edema, 160-162

cmbryology. 115-117

enzymes, 125-128

absence of, 131-133
external secretion, 124
depression or absence of, 131
fat necross, 140
fatty infiltration of lver and, 130

hemnrrhagcs, 156, 162-163
histology, 121

1storical notes, 122
hormonal stimulation, 128
im.(;mt effect of bile salts, 142
lesions, possible role in production of
dabetes melhtus, 135

mechanism,
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Panereas (continued)
Toss of juice Dy external fistula, 133
necrosis, 1614
nerve sapply, 121

ph 'wuln;lzg )122-121

n»lfm of juice into biliary tree, 147
r(‘].\llnnship to pentoneam, 120
seeretion, control of, 128-130
secretogogues, 129
surfaces, 118

Pancreatitis

acute, abd

al symp I Jis

hlood caleim, 176

blood picture, 172, 173, 181

chemotherapy. 189

cause of death, 166

clinieal features, 168

cholelithiasis and, 150

complications, 177-178

course, 177-178

defimtion, 168

diagnosis, 183-187

dhagnostic enzyme tests, 174-176

differential diagnosis, 178-183

clectrocardiograms, 177

glycosuria, 176, 185

mcidence, 168

hyperglycemia, 176

laboratory findings, 172.177

mortality, 190

nmlﬂ]i)(’r.lh\c or consersatne lhcmpy,
87

operative treatment, 188
pan, 169
phystcal findings, 170
preaipitating factors, 168
prognosis, 191
reflux of ile to ducts, 141
related symptoms and findings, 171
roentgenographic findings, 176
scrum lipase, 173, 185
symptoms, 169
treatment, 187-189
urmary findings, 176, 185
vomiting, 169

aleoholism and, 138, 159

allergy and, 160

bacteral anfection as etiologic factor,

154-156

chronie, caleification, 167
clmical features, 185
diagnosis, 185-187
meidence, 186
pathology, 166
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Pancreatitis (continued)
chrome (continued)
sequelae, 187
treatment, 189-190
duodenal diverticulum as etiologic fac-
tor, 154
edematous, 160-162
etialogy, 136-160
fat necrosis, 165
hemorrhagse, 140, 162-163
historical notes, 138
nausea, 169
necrotic, 164
nonspecific irmitants causing, 142
pathology, 160-167
reflux of duodenal contents causing, 159
rale of trypsin n, 152
serum amylase level, 178, 184
suppurative, 139, 163
trauma asetiologic factor, 138, 158
treatment, 187-191
vascular factors in etiology of, 138, 156
without bilary tract drsease, 150
Papanicol: test, m end 1) cares-
noma, 235
Para-amino-benzine sulionamide, deselop-

ment, 4

Parathyroid glands, role m bone nutrition,
421

Parotttis, acute secondary, treatment, 49-
B2

Patulin, 33-34
Penatin, 34
Pemardin, 35
Pemcillic acd, 32
Pemicillin G, 1n carbuncles, 42-44
Pemertlin, 6
administration, 19
bactericidal action, 16-18
compounds, 16
dosage, 20
m actinomycosts, 84
1 acute hematogenous osteomyelitis, 44
1 acute pancreatitis, 189
10 anaerobic streptococcal infections, 55

INDEX

Peritonttis, acute generalized, differen-
tiated from acute pancreatitis,
180

acute septic, chemotherapy, 56-57
Pleiffer’s bacillus. See Hemoplulus in-
fluenzae.
Phenolsulfonphthalein test of remal func-
tion, 371, 872
Pheochromocytoma, dagnosis, 368, 369
Phosphatases, serum, m differential diag-
nosis of prostatic careinoma, 370-
371
Phosphorus, ro'e 1n bone nutnition, 417
Photoelectric colorimetry, 1 urology, 375
Prtuitary
anterior, control of growth of skeletal
system by, 420
removal, See Hypophysectomy
secretions, 360, 361
Pleuropretmonta, infections 1n males, 338,
339

orgamsms 1n unnary wnfections, 337-339
Pneumonectomy
anesthesia, 101
in pulmonary carcinoma, 101-103
tollow-up stuches, 104
mortahty, 103-103
results, 104-107
technic, 101
Preumonia, differentiated from acute pan-
creatitis, 182
Polymixon, 8
Polymixon B See Aerosporin
Pregnancy, complications, differentiated
from endometrial carcinoma, 241
pyelonephnitis 1n, 346-349
Procaine pemcithn G, 21
Progesterone, 363
Prolan, 361
Prontosil, 5
Prostate
ytohustalogic di 373
hormonal therapy, 369-370
Papanicolacu test, 373
serum phosphnmnse tevels, 370, 371

o chrome pyog t yelitis,

in gas gangrene, 62

ta pentonitis, 56-57

in staphylococeal septicemia, 39-42

tn syrgrcal mumps, 51

oral admimstration, 21-22

production of, 4

pmphylachc administration, 23

reststance to, 18

Peptic ulcer, perforated, differentiated

from acute pancreahtis, 179

P P ymp an
treatment, 343, 344

Pseudomonas acruginosa Se¢ Bacilus pyo-
cyanets

Pulmonary” carcinoma. See Lung, carci-

noma
Pyclography, 1n evaluation of renal func-
tion, 372
Pyclonephntss, 309, 310
acute, 312-317
antibactersal agents, 815-317
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Iyelonephritis {continned)
acute {continted)
colon hacillus causing, 313, 315
mandelic acid therapy, 315
pathology, 313
sulfadiazive therapy, 315316
symptoms, 313
treatment, 313-317
chronic, 317-318
diliydrostreptomy cin therapy, 322
mandele acid therapy, 319320
of pregnancy, treatment, 318-319
proof of cure, 320
staphy lococar causing, 328
streptomyains theraps, 320322
treatment, 319-323
Pyocyanase, 31-32 *
Pyocyanine, 31
Pylephlebitis, chemotherapy, 68
Pyridim, for inflamed  mucons  mem-
branes, 352
Pyuna, 311
abacterial, symptoms and treatment.
336, 337

Radioactise dusts, in etiwlogy of pulmon-
ary carcinoma, 82

Radium therapy of endometrial carcinoma,
265-285

Radus, fracture, medullary fivation, 436

Reiter’s syndrome, 337, 339, 341

Renal function, tests, 371-372

Renal infections due to staphylococci, 328-

Renal papillitis, necrotizing, oceurrence,
334-336

Renal parenchyma, hematogenous infec-
tion, 328, 329
Rescctoimpcs, 366
Rickets, pathology, 419
Roentgen therapy, in endometral car-
cinoma, 264
supplementing radm treatment of en-
dometrial carcinoma, 265, 278
Rogntgenogmphy,
in acute pancreatitis, 176
in pulmonary carcinoma, 91.97
1 urology, 366, 367

,
Salpmgo-ooplmrecmmy, Dbilateral, with
total abdomunal hysterectomy for
s endometnial carcinoma, 288
Scolxosxs, indicating spinal arthrodess, 465
CUrVy, osseous pathology, 418
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S(-plim'mi.n.q staphylococcal, penicillin In,
3942
streptococeal treatment, 53
Sphincter of Oddi, spasm, in ctiology of
pancreatitis, 142
syndrome, 145
hincterotomy, in acute pancres

. is, 189
Spine
arthrodests, Albee technie, 471474
Chandler's techme, 481
chotee of methods, 463
grafts, 473474
Hibbs' operation, 467-471
modifications, 471178
ersion, 467
mdications, 163
nstruments, 469, 470
King's techme, 479
Jese) of fusion, 466
postoperative care, 471
comp fractures,
rodess, 463
congemtal  abnormalities,
:rrthmdcsn; 465

Tie:

g arth-

indicating

1

1,
art

463 N
Staphylococer infections of the  urmary
tract, therapy, 830, 331

Stenibity, male, 366
Skcrci(fs, uriary, determination of, 368
Streptococeal nfections of the uninary
tract, therapy n, 327, 328
Streptomyain, 7, 24
actiaty, 24
admmistration, 24
dosage, 25
in acute pancreatitis, 189
in B proteus and B. pyocyancus infec-
tions of unnary tract, 324
in cholangitis, 65
in peritonitis, 56
in pyelonephnitis, 320-322
in pylephlelntis, 68
in surgery, 27
in tuberculosis of bone, 432
in tuberculous infections, 27, 66-67
neurologic disturbances following use of,
26

toxie reactions, 25-27
Streptothnicin, 7
Sulf; in urinary
Sulfadiazine, 12
in acute pyelonephntis, 315-316
in chronic pyogenic osteomyelitis, 49
in pentonitis, 56
in urinary infections, 349, 350

350
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Sulfaguanidine, 13
Sulfantlamude, 5, 11
Sulfamerazine, 12
Sulfapyridine, 11
Sulfasuudine, 18

1n urinary infections, 350
Sulfathalidine, 13

in urinary infections, 850
Sulfathiazole, 12
Sulfonamides, 10-15

compounds, 5

m ﬂ(’tlnﬂm)’(‘OSlS, 6-1

in acute pancreatitis, 189

1 unnary nfections, 349-351

towic reactions to, 13-14
Surgery, chemotherapy 1, 3-73

Tabetic cnsis, differentiated from acute
pancreatitis, 183

Aschhetm-Zondek,
tumors, 367

Test, testicular
Testes
relation of function to bone nutrition,
423

removal See Castration
tumors, urnnary gmudotmpnc excretion,
367

Testosterone
m hypogonadism, 363
metabolic properties, 359
spermatogenesis and, 366
Tetanus, treatment, 61
Thiosulfate test of unmary function, 371,
372

Theracotomy, exploratory, i pulmonary
carcinoma, 99
Thromt acute je, dift -

ated from acute pancreatitis, 180
coronary, differentiated from acute pan-
creatitis, 181
Thyrowd, bone growth and, 422
Thyroidectomy, effect on bone growth,
29

Trauma, causing urethral discharge, 841
1 etiology ot pancreatitis, 158
Trichomenas, infecting gemital tract, 339,
340, 341
Tuberculosts
antibjotic agents in, 27
dihydrostreptomycin 1, 66
of bones, 432
spinal, indieating arthrodesis, 465
Tyrothricin, 5

INDEX %

Ulna, fracture, medullary fication, 456
Urcthral discharges in urinary wfectians,
341

Urcthntis
Iy

Auff, al dragnosi

3 340-
343
m males, 339-343
therapy, 342, 343
Unne
alkalinization, 321
carcmoma cells in. See Cytohistology
culture, 311
17-ketosteronds,  in
tumors, 368
sterods, 368

adrenal  eortical

Unnary  antisepties See  Sulfonanmde
drugs, Mandelamine, Hexame-
thylenamine

Urinary tract
miections of. See Intections, urmary
stasis, 308-309
stone, 309
trauma, 309
tumors, cytohistologic diagnosis, 372,
873

7
Urography, mtravenous, 817, 330
Urchthuasis, ctiology, 873-374
Urology
chemucal laboratory technics, 859-362
endoscopic equipment, 376
laboratovy techmes, 359-377
physical laboratory technies, 375-377
soentgenography n, 876, 377
Ustin, 36
Uterus
abnormal bleeding, differentiated from
endometrial carcinoma, 241
adenomyosts, differentiated from endo-
metnal caremnoma, 242
carcmoma, See Endometrium, carcinoma
32

e, md 1s of 1al
carcinoma, 231
fbraids, associated with endometrial

carctnoma, 206
differentiated from endometrial car-
cmoma, 242
endometnal carctnoma and, 206, 215-
)
estrogenic source, 217
perforation, complicating radwm ther-
apy of endometrsal carcinoma, 284
' . nen

metnal carcinoma, 242
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Uterus (continned) - Vitamin A (k’ﬁcivncy,’cffcd on hone nutri-

radition  plique,  following  radivm tiow, 417-118
. therapy  of endometrial cared- Vitamin C,  bone  putntion  and,
noma, 280 458

sarconty, differentiated from endometsial - Vitamin D, deficiency, bone nutrition and,
carcinoma, 212 410

tamors, differentiated from endometriad overdoses, 419
carcinoma, 212 Vitamins, in bone nutrition, 417



