


The Plysiwlogy and Treatment of Peptic Uleer






The Plyswlogy and Treatment
of Peptrc Ulcer

] GARROTT ALLEN Editor
CHARLES B CLAYMAN
ROBERT V Dg VITO
HENRY N HARRKINS
PAUL C HODGES

JOSEPH B KIRSNER
JOHN H LANDOR

HARRY A OBERHELMAN JR
WALTER L PALMER
STANLEY P RIGLER
EDWARD H STORER

EDWARD R WOODWARD

THE UNIVERSITY OF CHICAGO PRESS ‘\U&



The Lut ersity of Clucago Commuttee

o Publicatians 11 Biology and Medicine
LOWFLL T COGGFSIIALL
PCTFR P Il DE BRUAN
WILLIAM I TALIAFERRO

EMMET B BAY
LTSTER R DRAGSTTDT
THOMAS PARE

1 1brary of Congress Catalog Number 59 14 [

Tue Unnsersity oF Cincaco Press Crxcaco 37

Cambndge University Press London N W 1 Englan |
The University of Toronto Press Toronto S Cana 1

© 1959 by The Lnttersity of Chicago Published 1950 €

posed and p imted by Tue UsnersiTy oF Cricago Fx
Chiesgo Hlmors L b 8



The prescnt volunme 1s dedicated to

LESTER R DRAGSTEDT

mrecognition of his monumental contributions

to the field of gastromtestmnal physiology and
surgery Eack contributor 1s either a former student
or a clinscal associate Over the ycars each has
shared with hun some of the pownts of view w hich
have emerged from their common interests



Contributor s

J GARROTT ALLEN, I D
Department of Surgery Unsersity of Chicago Chicago Hlmots

CHARLES B CLAYMAN, M D
Department of Uedicine Untzersity of Chicago Chicago Hhinoss

ROBERT v DE VITO, M D
Department of Syrgers Unsierssty of 1 ashngton School of
Medrcine Seattle Wastungton

HENEY N HARKRINS MD,PHD
Department of Surgery Unniersity of U ashington School of
Medicine Seattle Vi ashington

PAUL C HODGES MD,PHD
Department of Radologs Unsierstes of Chicago Chicage Nimors

JOSEPH B KIRSNER, M D, PH D
Department of Medicne Uninersity of Chicago Clucago Hllnors

JOHN HI LANDOR, M D
Department of Surgery Untiersity of Chicage Clucago Hinows

HARRY A OBERHELMAN JR MD
Department of Surgery Unversity of Chicago Chicago IHhinors

WALTER L PALMER MD,PHD
Department of Medicine Unt ersity of Chicago Chucago Hhnos

STANLEY P RIGLER M D
Department of Surgerr Unnersity of Chicago Chicago llors

EDWARD H STORER M D
Drusion of Surgery Unsersity of Tennessee Memphis Tenncssee

EDWARD R WOODWARD M D
Department of Surgers Uniersity of Florida College of Vedicme
Gamessille Flonda



Pireface

The first four chapters of this volume relate to the physiology of gastric
secretion and describe experiments selected from a large number designed
and conducted by Dr Lester R Dragstedt and some thirty younger asso
cates during the past forty yers These expenments have led to 4 new
concept of the pathogenesis of peptic ulcer and a satisfactory explination
of the differences between gistric and duodenal ulcers especially in therr
response to surgical treatment Chapter 8 presents 1 brief discussion of the
rationale and results of vagotomy and gastroenterostomy 1s observed at
the University of Chicago Clmes over the past filteen yers

Those contributing to the remuning chapters of this volume were se
lected because of therr many years of association with Dr Dragstedt No
attempt has been made to reconaile differing pomnts of view especially re
garding medicil and surgical management of peptic ulcer Where opion
s daded where dufferences 1n expenence have led to divergent concla
sions and emphases the anthors have been encouraged to present their
own viewpoints Regardless of their individual onentation however all
the authors applaud the importnt contributions made by Lester R Drag
stedt and his associates and recognize the sigmificant impact that these have
had upon our understanding of the etiology and treatment of peptic ulcer

This monograph was planned without the knowledge and counsel of
Dr Drgstedt—for the occasion of his retirement Therefore 1t has not
achieved ats fullest potential scope and nchness However this 1s partly
compensated for by the use in this book of many drawings from the large

1 m Dr Dragstedts lat y and the anticipated publicttion of
his own monogriph on peptic ulcer
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1 Peplrc Ulcer Stuches
Concepts, Tar mmology,
and Experimental Methods

The purpose of this mtroductory chapter 15 to provide background ma
tenal for understinding peptic ulcer studies both clinical and expenimen
tal The chapters which follow reflect the particular onentations of the
vanous contributig nuthors toward that subject It would be illogieal and
districting for any of them to depart from a speaiahzed discussion to pre
sent a survey of the field the terms used or the methodology Here then
for reference as needed 1s an attempt 1t basic definitions and general
wformation about the ulcer problem

Bemgn peptic uleer 15 1 pathologic lesion related to an increase of
hydrochlone aud m gastie juice This nse m gastric aadity 15 usually
a mamfestation of 1 physiologic disturbance ffecting one or more of the
mechanisms which normally regulate gastnc secretion In addition there
may be other fictors which play a role 1n the genesis of peptic ulcer but
which do not normnlly exert an nfluence upon gastrc secretion

ACID AND PEPSIN IN THE PATHOGENESIS
OF PEPTIC ULCER

The ulcer 15 a sequela of the digestive 1ction of pepsin, but the activity
of this enzyme depends upon the acidity of gastnic juice If the pH s
above 4G the action of pepsin 15 largely whibited mavirmum actvity
occurs at about pH 20 Laittle 1s known as to the mechamsm of pepsin
production Some believe 1t to be contmuously secreted although 1t 1s

v
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nfluenced by physwologie factors such s those which control the acid
content of gastnic ymee Therefore all forms of treatment designed for
patients with peptic ulcer disease re directed erther tow ard neutralization
of the excessive 1a1d secretion or toward restriction of the quantity pro
duced “no acid no ulcer”

Developments duning the past two decades have done much to answer
the perenninl question Why does not the stomch digest atself? But pres
ent knowledge 1s stll insufficient either to prevent ulcer or to msure
permanent relief by non surgical mens It his been eshmated that ap
proumately 5 per cent of the total adult population in this country are
afflicted with peptic ulcer on one or more occsions during their Iifetime
Therefore the emphasis on the control of taid m gastne Juice has re
cerved considerable attention particulirly i recent years This subject
hns engaged the intcrest of many practicing phy sicians and surgeons some
of whom hive made important contributions which either modified older
therapeutic measures or provided new potentiahities for the control of
pephic ulcer

Since the days of Heidenhun (1834-97) and Pivlov (1849-1936) the
expenimentnl approach has played m meresingly important part i the
study of this disease The dog by mens of sarious surgically constructed
gastric pouches, has proved particulurlv uscful  The pouches enable
surgeons nd physiologists to sumulate if not to duplicate under con
trolled 1thoratory conditions the many cimedl vanants of peptie uleer
diserse and to define @ number of the fictors which regulate gastric se
cretion The construction nd use of gastric pouches 15 described n greater
detul later in tlus chapter Indeed thar expenmental value 1s such that
they are discussed from v wious aspects 1 severl chapters of this volume

Uropepsinogen 1s generally believed to represent pepsinogen which
enters the arcultion from the panetnl cells of the stomach and thereafter
appears n the urme When unne 18 strongly 2adificd uropepsinogen 1s
actn tted to uropepsin and pephic actinity mty be demonstrated Pepsin
mny also be detectcd 1n blood en route to the hidneys Normally the ex
cretion 1s greater 1n males than femes a sex difference that also obtwns
for the normal gastric secrction of hydrochloric acid Tlus 15 of mterest
since the number of male patients with duodenal ulcer exceeds the number
of females by 1 ratio of 1bout 3 to 1

Severnl worhers have demonstrated an increase of wropeptic actisity 1
patients with active duodenl ulcer As might be expeeted both the free
acid content of gastric sceretion tnd the quintity of uropepsin i unne
remam elevated 10 patients whose duodenal ulecrs have been healed by
medical management 1f the antr ulcer therpy 1s discontinued Sumlarly

prednct’\blc 1s the decrese of free aad 1nd uropepsin when patients with
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duodenal ulcer are treated by vagotomy ot gastec resection In pernicious
anemia both fre¢ 1eid and uropepsin e esscntially non existent Both
are materially reduced 1n caranoma of the stomach But both are
creased to some extent when pitients with ntact gastne secretory appa
rtus are placed on corticod therapy this will be discussed m a later
context

As mdicated 1 the preceding section on pepsin gastne analysis of
peptic 1ctivity has yielded inconclusive results 1f the d1ta on uropepsin
hold up an merense of uropeptic activity 1 patients with duodennl ulcer
may prove to be very useful chmelly

PHASES OF GASTRIC SECRETION

From the chime1l and expenmental information gained m recent years 1t
15 possible to Justify a tentative classificition of peptic ulcer according to
the physiologic disturbances responsible for ats pathogenesis The vagal
or cephalic phase of gastric secretion 15 well established There are also
strong supporting data to indicate the existence of 4 hormone gastrin
hiberated by approprate stmulition of the gastric antrum  gastnin pro
duction constitutes the gastric or antral phase of gastric secretion and
1s largely independent of the vagal or cephalic phise The
phase of gastne secretion concerns still wnother physiologic mechnsm
which may contnibute to the pathogenests of peptic ulcer

Inaddition ulcer may result from disorders 1n one or more of the endo
enne glands exther from hyperphwia or from a functioming tumor For
exumple 1t 15 known that pitients with hyperparathyroid disease those
with certam tumors of the adrenal cortex and those who suffer from non
msulin bearing tumors of the 1slet cells of the pancreas have an incrdence
of peptic ulcer which 1s much lugher thin chance nlone should allow
Unfortunately hittle 1s known of the exact relaionship of these endocrine
discases to the genesis of ulcer The sime uncertunties exist about the
modus operandi of gastnc phyvsiology msofar as the corticoids may be
responsible for Cushing s uicer Curlings ulcer and the peptic ulcer of
stress these 1so may eventually prove to be related to disturbances 1n
endocnne function

Fimally the very rccent researches of Dr James Clarke and associates
have demonstrated a sharp incrcise i production of acidie gastre Juice
followmg the transposition of the portal vem and the wienor vena cava
This observation 1s of considerable climeal mterest for evidence 1s accurnu
lating which suggests an mnerese m duodenal ulcer following portacayal
anastomosis Meat intovication wiich Pavloy noted 1n the Eck fistul dog
(the forerunner of modcm portacival shunting procedures) was subse
quently expluned by Rrebs in 1937 as based on an ierease 1n the con
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centration of the blood wn This sug d to Chirke the pos
stbulity that the concentrttion of Ammonium 1n blood might represent stll
mother factor c1pble of mercasing the scerehion of aad gustric Juice

Presumbly this nse 1 blood ammomum 15 postprindial m patients
with otherwise normil hepatic function ind st 1s capable of achiesing even
higher concentrations 10 paticnts whose portil aireulition has been di
verted round the Iver or whose severely impared hver function inter
feres with the hepatic metibolsm of blood 1mmonium reaching the Iner
The effcet of merctsed blood ymmonium upen gastric secretion 15 not
dimimished by vagotomy or by remov 1l of the gastic antrum The hitter
suggests that the action of blood immonium as 4 secretagogue 15 similar
to that of the gastne ‘hormone  gastrn

GASTRIC CONTENTS AND GASTRIC JUICE

Hydrochlone 1eid once produced appears in two forms free and hound
Ihat portion of 1e1d which combines with hydrow! (OH) 1ons or with
certam of the protem moteties—the bound acid—does not figure m the
genesws of peptic ulcer On the other hand the quantity of frec or un
bound hydiochloric 1a1d m gastric contents 1s miimately related to the
cause of duodenl ulcer and probably lso gastric nlcer (sec chaps 4 and
&) Thus 1t 1s the free acrd winch must be countcrrcted by alk dme
secretions or food 1f ncxd peptic digestion of the mucost 1s to be pre
vented

Usually the gastric jurce collected by nasogistrie suction 1s continu
nated with saliva and other oral ind phiryngeal secretions 1s well s by
the regurgitant finds from the duodenum Pwe gastric juice 15 scldom ob
tuned except from the total gastrie pouch m the evpenrmental antmal
ind only then if the pouch has been 1solited completely from the esoph
rzus wd duodenum The oral and duodenal contymmants de not usually
nterfere ficantly with the d of the free acid mn the grstric
pueee of patients but ncvertheless gastrie secretion collected under these
crreumstances 1s more Accuritely called gastric contents than pure gas
trrc juice Unless controls yustity the Intter the term  gastre contents
will be used here

\FTHODS FOR EVALUATING GASTRIC ACIDITY
Any attempt to determine the quantity of hydrochlorte acid produced 1
gistne seerction must be related to some umt of time Obvioushy the
longer the peniod during which gastrie secretions e collected the greater
will be the quantits of 11d output Moreover the concentration of hydro
chlorie acrd does not "lw s parallel the mereise n volum of gastne
juces secrcted The twclve-hour, overm hit collection has proven of
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greatvilue since it tends to smooth out hourly varnations Normal secre
tion contuns between 30 and 50 mEq HCI per hter volume of gastnie
Juice secreted or 18 mEq for the twelve hour fisting state since the
total volume of gistric secretion collected 1n normal controls ranges from
£00 to 500 m! for the twelve hour penod

In patients with active duodenal uleer however there 1s generilly a
sharp mcrease m the quantity of HCI produced as well 75 1 nse in the
volume of gastne contents collected under the bisal conditions of the
twelve hour penod Dragstedt and his associates m 1949 presented their
experience with ilus method n studving normal indimadunls and patients
with active ulcer disese These findings are shown m Table 1 Had only

TABLT 1

FRFE HCL I\ CASTRIC CONTENTS
(Twelve Hour Night Secretion)

A ar F HC
12H tx € piecnt ¥

Vot w
5 JEcTs M ! »
Testen C‘R; T CL (B wd|  Total Total
o le i | @ oty { @ty
Alq (mEy) ™Mg)
Vormals | ! ! .
a) Hospital personnel volun
e 23 531 1 18 4
5) Prison volunteers 2 671 14 30 1080
Duodensl wleer patients
) Before vasotomy 10 1006 52 5 1980
B) After vagotomy 10 521 2 1 on 36
1

the concentration of hydrochloric acid per 100 ml of gastric juice been
used to report results 1t would have masked to some extent the large
mnerese 1n total quanuty of free acid produced the latter 1s a more
relevant index n studying peptic ulcer

Fractional studies have shown that the basal rate of gastric secretion 1s
not necessanly constant from hour to hour justifying the twelve hour
mesurement however this 1s not the only acceptable collection penod
To perform secretory studies on an outpatient basis the four hour
morming collection, camed out after an overmght fastng period 1s
more practical The results obtuned by Levin Rarsner and Palmer using
the shorter test penod compnre favoribly with those of the twelve hour
test They believe this procedure may be used as 1 fanrly reliable measure
of basal secretion when the overmght session 1s impractical More recent
ly this group has also employed a onehour hasal test under sumilr
conditions and hs obtuned useful information
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A hstamine response test (histalogue) 15 carned out foliowing the
one hour collection The rate of basal secretion of 1cid gstrie Juice 1s 1
most useful metsurement ind 1t 15 possible to gun vahurble information
by measuring gastric secrction m the normt mdnidual as well as m the
ulcer patient under conditions of gastric simulition such as response to
Instamine or msulm

Histwnsne acts directly upon the panetal cells in the fundus sty action
1s only shghtly affected by vigatomy or antral rescetion The miluence of
msuli, hoseser 1 mediated through the vagus nerves so thit the re
sults of the wsuhn test are very helpful m apprusme the completencss of
2 vagotomy Insubtn per s¢ has httle fluence upon the secretion of acid
gastric yutce unless following its admimstration hypoglycenniais allowed
to develop The hypoglvcemr eheits an increased rite of gistnc sceretion
Fulure of scvere msulin Iy poglycemin to produce an ewly nse i ad
gastric juice 15 reassuranee that the vagotomy piocedure his been com
plete A ncgitive response to the admmstrition of Instumine mdreates the
bsence of parictal cells or their wnability to respond to this stimulus The
use of msultn and listamine m peptic ulcer reserrch and chmeal testng
will be discussed further in ¢hapters 2 nd 3

Unfortunately the rise in total quintity of free indrochlonc id in the
gastnie uice of pepuc ulecr pattents 1s not compensated for by 1 com
mensurte imcreise 1 the alkaluuty of the contents of the duodenal yurces
{bie nd pncreatic secretions and succus entericus) The appirent ful
ure of these Wkaline seeretions to heep pace quantitatncly with meresed
widity of gastric contents m1y esplun why the qumtity of free 1ad and
not 1ts concentr tion 1n gastrce jwice 1s more important to the prthogenesis
of peptic ulcer concentrition 1s relative to volume and theretore does not
alw ws indicate 1n increase n the actuil quanttty of free 1cid present

Castrin xets independently of the vagus nerves Its release 15 narmally
stimulated by distention of the witrum or by contct of 1ts mucosal surfice
with 1lhline or peutri} foods Lattle 15 bnown 1bout the chemistry of
gstrn though its harmone like action scems well estiblished physiologt
ally

The most obvious application of knowledge about gastrin wd sts antral
source of production 1s the combimtion of antrectomy with vigotomy
the surgic il trextment of duoden) ulcer 1f properly peiformed these two

procedures abolish both the cephilic ind the grstne phase of gtre se
ercion Equilly well established 1s the mereasc of g 1stnic secrction some
times cwsed by distention of the duodentl stump after subtotl g astree
tomy should some of the antrdl mucost remun 1t the site of duoden))
closure Smmularly gastne secreton ma be wgmented 1n stenosing dio
denal uleer 1o spte of 1 complcte v igotomy when gastne eontents
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cumulitc 1nd distend the antrum Such matters are considered at length
mchapters 3 4 and 8

ANATOMIC RELATIONS AND PHYSIOI OGIC RESPONSES

Anatomic demarcation of the gastne cardin ats fundus and the gastrie
antrum are not s cler cut as the surgeon would hke these re no more
clearly defined than the juncture of jejunum and ileum Thus is not to
mmply that these three anatomie subdvisions of the stomach are unreal or
that each docs not have certun distinet lustologie charactenstics and
physiologic functions However each et merges gridually mto the other
—grossly as well 1s histologiclly In performing a surgical resection of
the ntrum 1t 1s probable thit some of the fundic portion of the stomnch
will be mcluded 1t the upper end of the resected part and some of the
antrum adjacent to the fundus may escape the surgeon

The antril mucosa stops much more abruptly at the proximal end of
the divided duodenum But here too the separation 1s not always clear
and sharp Consequently when resecting the stomach or antrum about an
wnch of the duodcnum 1s generally removed also to safeguard aganst wmy
antril mucosa bemng left behind thns mucosa does cross mnto the duode
num occastonlly

Of those cells 1n the gastnc mucos1 which relate to the pithogenesis of
peptic ulcer 1t 1s the acid producing parietal cell which 1s most impor
tant Panetal and chief cells are greatly reduced m the antral mucosa but
abundant 1n the corpus And 1n the gastric cardia though somewhat less
concentrated In a gastrectomy performed for the treatment of bemgn
peptic ulcer pirticularly duodenal uleer the major portion of the corpus
must therefore be removed to dimmish the quantity of acid produced
This 15 the theoretical basis for both the Wangensicen sleeve resection,
and the other hinds of operations which attempt to nblate the gastric
corpus anastomosing the lower cardin wath the antrum These two opera
tive procedures were designed along sound physiologic prineiples 1 the
hope of preserving more of the gastue reservoir than 1s possible when
the standnrd subtotal gastrectomy s performed m addition the antrum
1s dentrvated since the vagus nerves course the surface and intramural
areas of the gstric carpus ta reach the gastnic antrum

The antrum contains some pepsin producing chief cells though many
fewer thin wre seen n the corpus or gastric cardia mucus producing
¢ goblet’ eells are also distributed throughout the gastric mucosa as ar:
the argentaffin cclls

We do not know which cells or tissues in the antrum produce gastrin
Tt 1s unlikely that the goblet or chief cells are responsible thesc cells ar¢
found elsewhere i the gastne mucosa Similarly the argentaffin cells are
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widely distnbuted being found i all portions of the stomach It 15 pos
sible of course that the goblet chief or argentaffin cells 1 the wntrum
are physiolagically different from the same ty pes m the corpus wnd cardin
regnrdless of apprent lustologic similanty

EAPERIMENTAL GASTRIC POUCHES

Since the phases of gastric secretion have been established Inrgely on the
basis of expenimental abser ations using pouches some of the distinguish

ing features of the more mmportant Minds of surgically created gastrie
pouches shonld be mentioned Each has come to be associated with the
name of the investigator who desised 1t thus using the most simple alter

native m nomenclature to deseribe € xch pouch otherwise would mdeed
be a tedious and cumbersome task Four of these preparations and their
uscfulness to certaun studies of gastric sceretion are described below

Dravings and detailed discussions appetr in chapter 2 by Dr Storer

THE HEIDENIIAIN POUCH

First used n 1878 this was the fint and 1s probibly the most useful
pouch It consists m the complete surgieal separition of the left Iateral
fundic segment of the gastric corpus This pouch 1s completely detached
from its vagal mnervation its blood supply 1s derved pnmanly from the
splenic artery (sce Fig 2 p 18) A cwnula 1s mtroduced mto the pouch
and led to the outside where secretions from the pouch may be qumnti
tatively collected and measumed either s bisal secretion or in response
to speaific simuli The rest of the stomach retains 1ts vagal mnervation
and 15 closed this constitutes the residual stomach, which 1s bl to re
cenve nd discharge food s before

Heidenhain mntroduced this pouch primanly for the collection of pure
grstric juice but 1t hes also served well as a method for the study of both
the cephalic and the gastric phases of secretion When an wimal with such
a pouch 1s fed gastric scerction fills the pouch promptly 1n spite of the
complete 1blation of vagal innenation to the pouch It was this observa
tion which provided the first suggestion that there 1s 1 humoral release
from the mun stomich occurrme, in the course of ingesting food and
cipable of indueing gastne secretion m the denervated fundic pouch
Edkins demonstrited 1n 1906 that gastrin the so called hormone mvohed
1s of antral onigin

TIIF PAVLOS POUCH
This fundic pouch differs from the Heidenhan pouch n that the vagus
nenrves remain mntact The scromusculir layer and 1ts connection with the
man stomach are preserved so that the vagal supphy to the pouch 1s not
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mterrupted Only the mucosa betw een the pouch and the mam stomach ts
divided The cut edges are then sutured shut ercating the 1solted pouch
and preventing the gastne contents of the mun stomach from entering the
fundie pouch (sce Fig 3 p 18)

The Pavlov pouch was ongmmally devised i 1910 to study the condt
tioned response It had been found that stmult which oceurred along with
those normally accompnying food were sufficient by themsclves after a
while to cause the ammal to expect food an expectation which resulted
n wcrensed secretion from the pouch When the vagus nerves were
severed the response no longer occurred This was the first expenmental
demonstration of the cephalic or vagal phase of gastric secretion

THL DRAGSTFDT TOTAI GASTRIC POUCH

This pouch 1s of the entire stomach with the vagal nerves left intact The
vagal fibers arc separated from the lower esophagus and hited to one side
so that the esophagus may be transected at its junction with the crdiac
portion of the stomach without severance of the vagal nerves to the gastric
pouch (see Fig 4 p 20} Contmuty of the alimentary tract 1s re estab
Tished by anastomosing the cut end of the lower esophagus with the first
portion of the duodenum

Thus mngested food pisses through the ahmentary tract without coming
mto contact with gastne mucosa the collection of gastnc yuice 1s by means
of 1 cannula This pouch has permitted the study of pure gastnic jurce
secreted by the entire stomach m response to food and other simul with
out contammation by food saliva or regurgitated duodenal juices 1t has
been particularly useful in studies on the cephalic and intestinal phases of
gastnc secretion

THE LIN IVY MCCARTHY POUCH

In this total gastric pouch Alimentary continuity 1s re established as i the
Drigstedt pouch This pouch duffers from the Dragstedt pouch 1 that 1t
15 denenvated the vagus nerves bemng severed at the level at which the
esophagus 1s transected Its usefulness 1s pnmanly 1n the ivestigation of
the antral and mtestml phases of gastric secretion

It 15 obvious that the different hinds of pouches and the potential value
of each to the study of gistnic secretion present almost unhmited research
possibalities Total or partial gastric pouches with or without vag l mner
vition have been constructed to measure the secretory responses of an
associated antral pouch Antral pouches too hive been most useful s
will be seen i chapters 3 and 4 Gastric pouches Also help to determme
the effect of stimulation of the duodenum billary or pancrentic secretions
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on the quantity of 1axd produced by purts of the stomch and by the total
stomach

HISTAMINE PROVORED PEPTIC ULCER

When hy persecretion w1s found to be one of the myor phirmacologic
results of histunine stmulition many mvestigators began searching for
substantial evidence that this imght be 4 naturil factor in the pithogenesis
of pephic uleer In 1939 Code and Varco showed that mjections of histh
mne grven duly m beesw 1x for slow and continuous action produced
duodenl ulcer m dogs with 2 high degree of predictability The nturc of
the gastric responsc consistcd i sustuned hypersecrction wath hyper
acidity  This ws the first non surgical method for expenmentally produc
mg pephic ulcer

The action of histamne 15 to shmulate panetal cells directly bypassing
both vagal and antral mechamisms of gastric seeretion 1t has been useful
n demonstrating the functionil eipraity of pnetal cells to produce free
HCI To the sume end hustunine h1s been uscd to stimulate gastric secre
tion after vigotomy or ntral resection

In spite of the mny fulures in tryng to relite hist unine to spontineous
peptic ulcer m man the uscfulness of the Code Varco procedure n the
esperiment 1l production of peptic uleer will be appirent m many of the
obser 1tions presentcd 1 subsequent chapters

MUCOSAL RESISTANCE AND PEPTIC ULCER

In the past considerible attention wis given to the concept that peptic
uleer might result from lowercd loeal resistnce of the grstne or duodentl
mucost Morc recent developments cluaid iting the phystology of gastne
secretion hve provided 1mple explin ition for the pithogenesis of peptic
ulecr without resorting to thus speculttion Even so theones bised on
mucostl resistince hwe not been completely dismusscd Gastric mucin
usunlly considered the lubnic it has receved mcreasing attention s 4
potential protectis ¢ mechanism agunst the corrosive 1ction of rerd pep
sin The mucus secrctions from Brunners glnds in the duodenum hwe
offcred an attrictive basts mosupport of 1n ncreased resntwuice of the
duodeni]l mucosa to peptic diestine action prteulwrly m the first ind
second portions of the duodt num

The Mann Wilkamaon ¢xperiment seemed at first to pomnt up the
great importince of neutribizition of wad n gstne juice by the lhiline
Awmds which entered the dusdenum In such 1 preparition the duodenal
contents e reroutcd to entar the lower ileum  divertmg the kb
scerctions of the duodenum 1 well as thase ¢ntenng from the pnercatic
and common bile ducts Recent studics by Dragstedt wnd others show(d
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that this anastomosis while diverting the gistnc contents to an rca un
accustomed to 1t also stmulited the production of gastric juiee to levels
above the normal

Tuwo chneal entities evist with which peptic uleer 1 Furly frequently
assoerited so that 1t 1s not possible to reject completely the theory of 1e
duced lacal resistinee The first 1s the peptic ulcer occurning n connection
with polyeythemia this complication 15 believed due to thrombosis of
the smaller vesscls which mpurs viability of tissue in the particular aren
However this entity too 15 not without wnother possible explination
lacking data on gstric secretion 1 pohy evthemiy one could speculate that
this blood dyserasia stmulates the secretion of 1aid pepsin

The second entity 15 the peptic ulecr which often follows the admums
tration of ACTH or corticoul therapy Ewly intcrpretations suggested
that ths uleer was the result of d hed local hssue resistance  Subse
quently there has becn some evidence of an increase m zaid gastric secre
tion as one result of ACTH This m1y be the myjor factor or at least 2
possible second component contributing to the pithogenesis of peptic
ulceration when st oceurs under such theripy However lowered locnl

restance while 1 lesser theory cannot yet be dispelled with complete
finlity

FREE ACID RELATIONSHIFS OF
CLINICAL UNITS AND MILLIEQUIN ALENTS

Ve have seen that gastric aadity under basal conditions 1s much more
memngfully expressed 1 terms of the total output of free hydrochlone
acid than as concentratien Quantificition of gastne rcidity demands
aceartcy mn 2ll detuls relrting to the collection and mesurement These

q mclude n hibited flow of gastnic contents throughout
the penod of collection pooling and thorough miung of the total volume
collected recording the ttme over which the collection was made wnd the
measured volume titration for free HICI using 1 100 ml ahquot of total
collected solume and finilly computing the total quntity of free ac d
contuned m the total volume of colleeted gistne contents

Gastrie acieity 15 desenbed s the number of chinical unats of free hy
drochlonc acid 1 100 ml of gastnic contents The chimeal umt 15 that
amount of free acid i the 100 ml rolume which is neutralied by 1 ml
of one tenth normal solution of sodm hydroude (N 10 NaOH) Topfers
reagent 15 used 15 mdicitor this 15 4 mnture of 05 per cent alcohohie
solution of dimethyl amino zobenzene to measure free HCJ and a 10
per cent solution of phenolphthalem to mdicte total gastric ity

Quintitatively the climeal umt m thes 100 ml volume 1s equnalent to
1ml of N 10 HC! Thus s the same 15 01 mEq of HC since I milliequie
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alent 15 that quantity of acid contamned i I ml of 1 normal solution For
hydrochlonic 1cid 1 normnl solution lso known as 1 gm equnalent
weight per Iiter equls 36 gm  or 36 000 mg Hence

36 000
1000

{ mkq of HCI= =36mg ,

wd
1CU =36mg =01mEq
Hence m terms of concentration
1 CU (based on 100 m! ahquot) =1 0 mEq/1

The 1dentical numencal values for concentrition and quintity hold
only for the 100 ml volume In larger or smaller volumes the concentra
tion or ritio of weaght to volume remams constant but the quantity con

TABLF 2

QUANTIFICATION OF GASTRIC ACIDITY 1N TOrAL
COLLECTION OF GASTRIC CONTENTS

Coa a Qant s F M
n
Ve i e ©

Uwir ) mFq Mg
100 m} ahquot 36 3 60 129 6
1ml 36 0 036 1296
1 000 mi 36 360 12296
1650 ml 36 59 4 2011 8

tuned will be tnereased or dimunished 1n aceordince with the directions
nd mmtude of the change m volume These relationships are cxpressed
i Tible &

Should the gastric wadity relate to a twelve hour 1650 ml collection
of gastric contents which titrates to 36 chmcal umts of free HCI for the
100 ml ihquot the quanuty of rcid present 1s the equivalent of 36 ml of
N/10 HCIE 1t 1s also 36 climcal umts of free HCl when expressed 1
concentralion

Certun shorteuts e possible 1n calculating the quantities of frec HCI
as shown by the following example

36 CUL X1 65 hters= 59 4 mEq total frce HCI

A small mmount of the total HCl i gastric secretion 1s “bound with
mucus Normally mucus from the salnary esophageal and gustrie glnds
binds some of the HCI there 1s also 1 chemical reaction betwecn free wad
and the alkaline regurgitants of the duodenum \ost myvestigators hi
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found that free HCL compnses 90 per cent or more of the total acid
sccreted less than 10 per cent of the total secreted appears to be bound
Mucus constitutes 1 varving percentage of the volume of gastne secre
tion ringing from 1 per cent to more than 50 per cent 1n some reports
Vineberg, (1931) concluded thit most gastne mucin denves from the
corpus and fundus The quantity produced does not appear to be mte

140
120
100
80
60
40
20 ’ L .
mEq /1 . TR
Stomach Pancreas Bile |ns,:;?,l,=e
EEIHCO05”

Fic 1 —Histogriphic compunson of the approumate concenttitions of electrolyte
constituents in the gastric pancreatic bihary and intestinal secretions

T—INa* L__ 134 C3H+ Lwesc Lelig

rally affected by stimultion at least 1t 15 not increased to 1n extent that
1t could provide much protectise action agunst augmented secretions of
nad pepsin Its chief purpose appears to be as 1 protection agunst
mechanical thermal and chemicil mnjury

Analyses of normal gastric contents collected under basal conditions are
shown 10 Figure 1 These are normal averages assembled from several re
ports and therefore not entirely rehable The functions of many of these

substances are not well understood nor hwe they been thoroughh
studied -
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2 The Cephahc Phase

of Gastric Secretion

The tasting of appctizing food by a healthy hungry person mduces secre
tion of gastnic juice Indeed the sight or smell of food ¢ven the thought
of good food may stimulate the rite of gastnic secretion This increased
activity 1s brought about by a nervous reflex which the sagus nerves carry
as efferent impulses to the stomach The resulting secrction 1s of furly
high acrdity and 1s rich i pepsin This 15 the cephalic or nervous phase
of the digestive pertod of gastric secretion The gastrie and intestinal
phases comprise the chemical phase of the digestive peniod (See chaps
3 and 4 for detuled discussions of the chemical phase )

In addition to ppetite jutce mediated by the vagi the gastric glnds
are mtermuttently actnve between merls suggesting that gastne secretion
1s not solely dependent upon psychic stimul Increases i gastric secre
tion e and do occur independently of feeding, Varrations in tonie activty
of the vagi e probably responsible for most of this interdigestive secre
tion but other fictors are obviously mvolved The dinve to ingest food
does reman 1nd digestion proceeds after division of the vagus nerves

HISTORICAL DEVELOPMENTS OF ENPERIMENTAL
GASTRIC PHYSIOLOGY

In 1814 Brodie (10) demonstrited that the vayy exercise control over
gastric secretion He luded that “the supp of the

be attributed solely to the division of the vagus nerves and that the
secretions of the stomach  are very much under the controul [sic] of the
nervous system” A contemporans  John Abercrombre (1) commented
“The dependence of the function of digestion upon the nflucnce of the

14
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tenth parr of nerves 1s ymong the most be whiful discorenies of modern
physiology  but nothmg of a prictical niture has lutherto been deduced
from 1t Neuly a century elipscd however before the mechamsms of
gstric secretion were methodically worked out by the great Russin
physiologist Paslov

Active gstric secretion 1s 1 response of dogs on scemng food was re
ported by Bidder and Schrdt (6) m 1852 Richet (67) m 1878 obsened
a similr response m 2 man with 1 gistrostomy on tisting vanous foods
In spite of these and similar observations the role of the vigus nerves
remained 1 contentious one until Pavloy demonstr ited expenmentally and
unequivocally the importince of the vagus nerves m the regultion of
gastric secretion He pointed out that most of the German physiologsts
apposed to s 1de1s had madeguite data Most of the French physiolo
gists i that dav however accepted Ius views which are well stated i
the following quotition taken from 1 lecture Puloyv (63) delvered
1897

The question s to whether the gustnc glnds have 2 speenl secretors 1
nery 1hon 1s now 1 very old one 1nd his had i mteresting career In this matter
physiology stood for a long time 1n sharp conflict with practical medicine Phy
sierng bringing forward thar absery tions i proof had long answered the ques
tion 1n the afirmitne 1nd looked upon the existence of secretors nenves to the
stomich as undoubted Physiologists on the other hind had frutlesshy en
deavoured for decides to amve 1t definite results upon this question This is a
stnhing but by no means 1solited instance where the physician gives a more
correct verdict concerning physiological processes thin the physiologist himself

Pvlor was able to study gistric physiology better than s predecessors
because of his umique bility to modify and perfect existing expenimental
technies for observimg gastric secretory function This 1s well iilustrated by
the gwstrc fistula dog Earher stimulated by Beaumont s observations on
hus patient with traumatic gastnie fistulr the Russian Bassov (4) m 1842
<nd mdependently the Frenchman Blondlot {7) 1n 1843 had mnde gas
tre fistule surgically i the dog Mamy other workers subsequently used
this as 1 method for mvestig ttion of gastric sceretion wnd digestion’ Therr
early cfforts were not particularly successful the juice they were ible to
collect was contammated by food salva and duodenal regurgitints
Moreover the gastrostomy tube was frequently plugged with food mak
ng 1 of gstric ts inpossibl

In 1889 Puvloy (65) added a cutaneous esophagostorny (Fig 1) to the
gastne fistult The dog we but the food never reached its stomach In
stexd 1t left the Alimentuny trict through a fistula crented in the upper
segment of the divided esophigus Thus Pavloy s mnov ion—the basis of
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the procedure called sham feeding—enabled im to collect gastric Juice
from the stomch during ctual feeding but without the contamination of
food or salvr This was an important adv ince His physiologic prepart
tion lso gave conclusive evidence that the response did not depend on
the gastric mucos 1 bemng stimulated by contact with food

Aside from hus excellence s 1 phystologist 1nd his technicl shall s
surgeon Pavlov was an impressive showmin He often demonstrated his
expenimental observations before his students and colleagues The follow
mng quotation 15 from a lecture grven before the Society of Russian Phyvs:
c1ns 1t showed conclusively the role of the vigus nerves m gstric secre
tion by making drmatic use of n nctual sham feeding setup

L

F1c 1 —Schemitic representinon of I nlovs csophagostomy gastrostomy prepary
tion (From B P Bibhin Secrctory Mechanism of the Digestive Glands 2d o3 Toso
Reproduced by pernussion of the author ind Paul B Hoeber Inc )

We hue here before us 1 dog which has m ordimuy gastre fistula with
metillic cannulr nd his had its esophigus dnided 1s well so that the mouth
15 cut off from 11} commumeahion with the cavity of the stomich at the time
of miking the gastric fistulr the nght vigus nerve was diided below ats recur
rent laryngeal ind crdiac branches

I gve the dog food The tumal eats greedily but the whole of the food swal
lowed comes out 1gan at the esophige il opening m the neck After feeding i
this wav (which for shortness we will henceforth name sham feeding ) for five
mmutes perfecth pure gastne Juice mikes its appearance at the fistuly the
stream stewdih becomes greater and greter and now five minutes after the
commencement of secretion we have alrexdy 20 ce of juice The mewng of
this expertment 35 clear It 1s obvious thit the effect of the feeding 1s trainsmitted
by nervous channels to the gastric glands

About three hours before the present lecture T prepared the left vagus free in
the neck pssing, 1 loop of thred round the nerve but not dividing st I now pull
gently on the thread to draw the nerve outwards and sever it with a sharp sip
of the scissars At present the pulmonary and abdorminal yage on both sides are
parhzed while on the nght side the vngeal nd crrdiac bres are mtct



The Cephalic Phase of Gastric Secretion 17

There e estn ne ssmptoms of cirdiic or lanngeal distress the usual eiwses of
danger to the amm after complete du ision of the cervieal v igi on the two sides
We agun offer the dog food to et which 1t eats with ncreasing greed for five
ten fiftcen minutes Lut m shasp contrast to the previous sham feeding we do
not see 1 sngle drop of juce flowny, from the stomich We miy fed the dog
as Jong s we wish and repe it our expeniment i the next few davs s often 1swe
desiwe but never 1gam shall we see 1 secretion of gistne juice mn this ammal
As 1 result of sham feeding {65}

While Puloy d that the esopk v gastrie fistuly wmmnls
afforded < me ns of obtuming pure gastne juee no wsight nto the fune
tion of the stomach duning digestion could be guned from this prepar:
tion He solved this problem with the Pavloy gastrie pouch an mgemous
surgicrl modificition of wn ewsting expenmental techme wivch guwm
teed 1 “contimuance of normal gastne digestion side by side with 1 quan
titativ e collection of perfectly pure puee” {63) It was bised on the work
of Thiery (75) who had isolted 1 segment of the intcstme formed at into
2 cul de sic and sewed 1ts open end mto the tbdomnal wound Gastro
mtestinal continuity was re established by 1n end to end anastomosts
This allowed hum to collect pure succus entencus while digestion was
going on in the mun portion of the intestine

Heidenhain (39) adapted the Thiery cul de sac principl to the stomach
nd fashioned a pouch from the cirdine end of the stomach which poured
1ts secretions externally (Fig 2) According to Bablin (2) Pulos be
came familar with this type of pouch m 1877 when he worked dunng
that summer i Hetdenhun s laboratory in Breslw The v 1g1] mnery ttion
of the pouch h1d been interrupted but the remander of the stomich had
1ts vagal nerves intact When such 1 amimnl ate the food 1 the main
stomach caused 1 secretion of clew juiee from the pouch Since the
Heidenhun pouch w15 isolated from the remander of the stomch food
which entered the stomach did not enter the pouch Pailov objected to
the drawing of 1 from the Heidenhain pouch 1s representing
the normal function of the stamach becwse he felt 1t most tmportant that
the nervous connections to the 1solated pouch be mamtained 1f the normnal
responses were to be duphicated experimentally All v 1gal branches to the
Hedenhaun pouch were divided in the course of its prepiration for the
pouch was surgically separated from the main stomich

Parlov retuned some agal inners ion to the greiter eunvtute of the
stomach which he used as the pouch by lewing a portion of the sero
muscular layer intact The cavity of the mam stomach was sep wated from
that ot the pouch by sutunng the mucosal 11ver between these two gastrie
segments thus creatmg wn mnenvated pouch while retumng the mwun
stomach (Fig 3}




Duodenum —

Fic 2 ~The Herdenhun pouch as modified by Dragstedt Note that this is necessinly
 denervated pouch (From Woodward Lyon Landor and Dragstedt 1954 Gastro
enterology 27 766 )

Fic 8~The Pavloy pou h as onginally descnibed Sheteh I site of the operation
A-B e of mason C region used to form pouch Sketch 2 finished prep wation S
Pulov pouch v stomach cavity A A abdominal wall (From I P Pulov The W ork
of the Digestie Glands 1902 Courtesy of Chas Griffin & Co London )
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When anmmls with Paviov pouches were fed augmentation of gastric
secrction from the pouch occurred within five minutes Thereafter st
crewsed nipidly reaching its peak m approuimately fifteen minutes It
then be,an to subside farly rapidly but before, the bisal secretory vol
ume w1s rerched a second nise was noted Not only was ats level hugher
thn thit of the mitial ise but the wugmented rite of secretion persisted
for several hours The first of these two sccretory responses wis the result
of vagal sumulaton, marking the cephabie phase of secretion The
sceond or ltent nise was due to the local sumulation of food entening
the stom1ch nd intestines and this we now know as mamfestation of the
g wsirie and mtesunal phases they are generally considered as the chem
11l phases of gastrie secretion (chaps 3 and 4) Pavlov not only st
gited the chemical phase of secretion he wnticipited Edkins work on
grstrin by seseral veus He wrote n 1897  Digestive products e hnown
not to be ahsorbed from the stomach to any extent but 1t may be that by
their agency other substances with sumulating properties we formed 1n
1ts hning cells from whence they are taken into the blood strexm and be
come distributed to the gastre glands™ (65)

Although the Pavlov pouch was of great value 1 working out many
detuls about the physiology of gastnc secretion 1ts value was severely
Limited bectuse of its meager vagal supply This important defect in the
Paviov preparation was recogmzed by Dragstedt (25) who devised 1
tota] stomach pouch m which vagal mnervation s well 1s blood supply
remuned completely mtact (Fig 4) Fremont (35) 15 sometimes erecited
with malung the first total pouch but s one brief midequate report n
1895 dud httle to support this clum

By use of a threaded cnnuln to which 2 brlloon was attached Drag,
stedt was 1ble to collect all gistric secretions The Dragstedt mnervated
pouch secretes from 600 to 1200 <o of gastric juice daily If the vag to
such 2 pouch are divided 1s 1 the denervated total L1m Ivy McCarthy
pouch (54) the daly secretion 15 sharply curtmled generally to about 25
per cent of that observed m ammals with the Dragstedt pouch 1n which
the vagt we preserved (23) This marked dufference m the duly sccretion
15 n mnchcition of the importance of the role played by vagus nerves

DEMONSTRATION OF VAGAL SECRETION IN MAN
ACCIDENTAL GASTRIC FISTULA

The first serious use of 1 human gistric fistult patient to study gstne
physiology was by Ciptamn Wilham Bewmont (5) a surgeon 1n the
United Stites Army Alewis St Martin 1 young French Canadiin had
received 2 shotgun wound at close ringe a massive wound of the lower
left chest ncluding the lung diaphragm and stomach 1t henled slowly
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under Beaumonts cire leaving however n opening 1nto the stomich
wbout two and one half inches 1n d Captain Beat t d
the unique opportunity which St Martin s misfortune provided for durect
observations of gastric physiology m man and he was ble to record
many importint ficts from 1825 through 1833 which remun unchllenged
to this day Bewmont recorded only  few observations about the mech1

Fic 4 —The Dragstedt tot1] gastric pouch Note that the entire vagal supply 15 pre
sene(l) (From Dragstedt VWoodward Ned Huper and Storer 1950 Arch Sur,,
601

msms ind nature of gstric secretion per se his major mterests centerc d
upon gastric digestion He concluded that gastrie juice “1s never found
free m the g stric cavity but it 1s alwavs excrted to discharge stself by the
mtroduction of food or other wntants It 1s of course possible thit
St Martin had hittle or no “appetite juice and little of the nterdigestive
sceretion thht sometimes occurs m persons with “norml ntict digestne
tracts

Carlson (13) m 1916 reported extensive studies on 1 sccond Alews St
Martin ™ Mr V. was 1 twenty seven year old man who had waidentlly
drunk 1 strong, solution of cstic soda at the age of cerven years As 1
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result the esophagus was completely closed by cicatniesal tissue and 2
permanent gastne fistul1 was created Although Crrlson was prneipally
mterested m hunger and gastne motility he mide extensu ¢ observations
of Mr V 5 gastne secretion When this man st down to meals he “ate”
ordmary food but mste1d of being swallow od after being masticated st was
placed 1n 4 syringe for introduction into the stomach through the gastne
fistula This unusual method of eting made possible the evaluttion of the
cephalic phase of gastric secretion 1 man Corlson obsenved that when
the patient was allowed to see or smell food there was Iittle evidence of
an mgmentaition of gastric serenon but if the patient chened palatable
food moderate mcreases 1 the amounts of teid juice occurred the rite

Q B W [0 20 25 3 s o a5 50 55

Fic 5 —Typical cunve of secretion of gastne Juice of MtV on mastication of palata
ble food for 20 minutes The gastnc yuice was collected at S-munute wntervls for 5o
minutes The nise i the secretion tate during the last 5 minutes of mastication 1s due to
chewing the dessert (frmt) {From Carlson 13 )

of secretion being directly proportionil to the prlatability of the food
(Fig 5) Carlson concluded that Pavlov overeshmited the mmportance of
the “appetite jutce 1n gastne digestion

Pavlov (63) beheved that about 40 per cent of the gastric response to
feeding conld be attributed to vagal simultion and thus to the cephalic
phise Although Carlson did not assign 1 defimte figure to the nervous
phise Ins data indicted that about 20 per cent of the total digestne
Tesponse m this pitent was from vagal stimulition

SIIANt FEEDING

Schule (63) w1897 inteoduced the techmc for obtaining “appetite juce
by gastric ntubation and aspiration while the patient chewed 1 standard
meal expectorating instend of swallowing 1t This procedure seems scrce
Iy physiological simce 1t 15 psvehologically repulsive but 1t yvielded post
tine results in 1 surpnsingly high percentage of the studies made This
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method of shim feeding has been used successfully s one of the poten
ti1l me wsures to test the completeness of yagus section when the operation
1s employed 1 the treatment of duodenal uleer (15)

Sham feeding has never attuned much populinty us a clnical method
of lating the vagi h r since 1ts results are not as relible as
other methods The msulin test dctuled below 1s a simple relible and
effective chnical method of vagal stmulation which arr ts many of
the inndequacies that charctenize the shim feedmg procedure

THE INSULIN TEST
Hj poglycemia following insulin admimstrition augments both motor and
secretory ctivity of the stomach by stimulating the vagal centers m the
bian The motor effects were noted 1n ammnls by Bulitro and Carlson
(11) shortly after the discovery of msulin The secretory effects of msulin
were demonstrated n the dog by Collazo wnd Dobreff (17) m 1924 =
year Inter Detre and Sivo (21) reported that the same response could be
cliested mn man These findings have since been confirmed and extended
by numerous v cstigators

It 15 the hypoglyecnua, and not the insulin 1s such that 1s responsible
for v1gal stmulition This e1n be d rited by ad ng glucosc
or epimephrne at the ime nsulin 1s gsven Hypoglycemin 1s thereby pre
vented and gastric secretion remuns unchanged (3) I hypogly cema 1s
illowed to develop after msulin admimstration the usual response 1s a
ripid nise n the rate ind volume of gastric secrction This response how
cver 15 nbolished when both v g are sectioned indicating that the action
of hypoglycemn 1s central and not one of direct action upon the gastnic
glinds Evidence that the vagil centers 1 the bram are the site of the
stimulation created by the hypoglveemia w s furnished by wn experiment
by LaBarre wd Cespedes (47) They were able to stimulte gastnc secre
tion m 1 dog whose braun remuned connected to the trunk by the vegus
nerves tlone and whose head recenved blood by eross transfuston from 1
dog, mde hypoglvcemee with insulin

The magnitude of the gastrie response to msulin hypoglycemii 1s not
dircetly proportionil to the extent of the hypoglycerma—mild hy pogh
cem1t does not vield 1 small 1esponse (46) Gastne secretion m the non
dibetic 15 stmulited only when the blood sugar drops below 1bout 55
mgm per cent A further reduction i blood sugar dees not further
crewse the gastric secrctory response The augmented secretions begin s
the blood sugar diops below the 55 mgm per cent threshold loved the
e of secrehion hegims to return to normal s the level of the blood sug v
rwun approaches normil The sceretory response lags behind that of
the blood sugar howaver so that the curves of eich ot be superim




The Cephalie Phase of Gastric Secretion 23

posed with reference to time (Fig 6) A deliyed response to hypogh
cemi1 has been obscrnved by Moore (60) m man and by Porter Movius
and French (68) 1n the monkey These litter workers suggest that the de
layed response 1s meditted vt the adrenal glands since 1t 15 1bohshed by
adremlectomy but unchanged by vagotomy Further studies are needed
to elucidte the adrenal relationship to gastric secretion thus fir others
hay e been unable to reproduce these reported findings

HCL OUTPUT

HCL OUTPUT —mEq/10m
2
8
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BLOOD SUGAR
MGM PERCENT

1V DEXTROSE

w2 30 40 50 & 70 20 % 100 10
TIME IN MINUTES

Fic 6 —The gastnic secretory response to msulia hypogly cema

Only 1 few segments of the vagus nenves to the stomach need be mtact
to produce an unequivocal posiive secretory response to hypoglycemin
The insulm test therefore cannot be used as 1 quantitalive mesure of
vagal mnervation (48) For example an ammal with 1 Pavlov pouch
whose residual vagal supply 1s known to be anitomically meager (45)
will often display 1 substantil resp to msulin hypogl

ly s
THE INTERDIGESTIVE PHASE OF GASTRIC SECRETION
AND METHODS FOR STUDY OF GASTRIC ACIDITY

It has been repeatedly demonstrated that there 1s a basal gastrnie secretion

n man and higher animals which 1s mdependent of the usual digestive
stmuh This basal secretion m1y or may not be continuous 1t may be
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phasic o1 mtermittent This view was rather slow to bs 1reepted prines
pally becuse of the great prestige of Puvloy Pavloy and his pupil Bab
kin muntuned that the secictory activty of the gastrie glhnds was quies
cent between meals and that any aerd secretion during this mterdigestive
period was due to conditioned reflexes

Although the vag: do apper to pl1y 1 very promincnt role m the mnter
digestive phase of sccretion there are other contributory factors section
g of both vigus nerves decs not abolish mterdigestive secretion (26)
Although vagotomy docs reduce 1ts volume That the gastrie glnds e
function i the absence of the usul smah though at 4 lower than usual
level was demonstrited in the following amimal expertments When 1
pouch of gistric mucosn 1s utotrnsplanted to the subcutwneous tissues
and thus devoid of all extrmsic nerve supphy mterdigestive secretion of
acid continues (42) In wnother study Davenport (20) showed that the
resected stomach of the mouse will secrcte acid when suspended in phos
phate buffer i 1 W arburg flask wathout other kinds of secretory shimu
Innts The conclusion that there 1s 1n mtrmsic actisity of the panetil cells
seems amply justified from such observations 1lone Tlus mtrinsic activity
15 of considerible theoretical interest although 1t appcus of little conse
quence when considering the total nterdigestive secretion for its volume
comprses 1 very smll proportion of the total gastric secretions

FASTING SCCRETION

Studies on the fisting secretion 1 man have been conducted 15 overmght
collections so 1s not to nconyemence the pitient The subject 1s generally
fed 1 hquid mel about 5 00 £ ar  the ohsersation period of fisting 1s be

gun 1bout 9 00 1 M1 nd contmued for twelve hours Several methods of
assessing production of hydrochlone acid have been used but none 15
without certun objcchions Some workers have asparated hourhy sunples
of gastric juice vix the stomich tube testing the flwd for free acadity by
titration with base often considenng only the eoncentrateon of free
acid gning no information wout the quantity of free 1cid produced (sec
p 5 chap 1) Others hune ipphed continuous suction to an mdwelling
nasogstric tube This technie vields more v 1lid nd use ful mformtion on
secretory 1ctivity since the concentration of free acid (umits per yolume)
and 1ts quantity ¢in be determined simultineously Howcver the contact
of frie 1ead with the intrum and the duodenum normilly nhibits further
acid production Therefore when gistnic contents e continuoush re

moved by spiration the minbiting factor of free actd m the antrum uid
duodenum 1s commensurately reduced consequently the possibility cxasts
that continuous Aspir tion m 1y enible the stomach to praduce morc wad
under bisal condittons than would ordinanly obtun To obsnte fhis
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objection 2 third method of gastric aspirttion has been devised The
stomach 15 completely aspirited and an aliquot of the aspirate used for
titrihion the remaunder of the aspirite 15 reintroduced tg the stomach
via the gstric tube In this way only 2 small quantity of 1aid produced 1s
removed from the stomach so thit the major portion of the aad gistric
contents can exert 1ts normal ihibitory effect upon the antrum and duo
denum To wh1t extent intermittent aspiration and return of gastrie con
tents represents 1n 1mproyement over continuots ASpIr wtion 1s not known
wside from the theoreticil advantiges mentioned above Using this mnter
mittent procedure for aspirition one cannot mensure accurately the total
volume secreted because between each aspiration unknown amounts of
gastnic Juice obviously pass through the pylorus and into the duodenum
on the other hind 1f gstric retention 1s present s techme may simply
metsure 1t over and over agam by using essentnlly the same gastric con
tents

Stall another objection to some studtes of gastric secretion 15 the choice
of “normal controls The frustrations and anxicties of medici] students
and penitent1 iry mmates wnd the usual controls are probably abnormal
even for our hammed and frustiated twentieth century mode of ife Levin
Rarsner Palmer and Butler (50) studied gastne secretion 1n twenty onc
mes ind twelve females All healthy adults They found no nstance of
waadity durng the twelve hour overmght collecttons The volume of
juice ranged from 148 ml to 1188 ml averaging 581 mi In the males of
the group the verage twelve hour collection was 633 m] 1t was shghtly
less for females averaging 460 ml Free acid {concentration or quintity)
ranged from 1 to €0 mEg/l with n werage of 29 mEq/l with no sigmf
1eant sex d flerence It was also shown that this secre tion was not due to
the presence of food m the mtestine the twelve hour secretian w s the
same whether collections were started twenty eight hours after eating or
only tour hours fter the last meal (48) Hoelzel (41) found free naid m
the gastric contents collected throughout  forty day penod of fasting If
there remaun 0y doubts tbout the evidence n support of n mterdiges
tive secretion the Hoelzel observations should dispel them

Levin kursner and Palmer (52) wd Stemn and Meyer (71) have found
the one hour aspirabion as ccurate a measure of fasting acid secretion s
the taelve hour overmght test Mulliphcation of the results of the one
hour collection by twelve gives 1 figure which corresponds well they
report with the total collection of the twelve hour peniod If further test
mg confirms this the procedure should moderate many of the enticisms
to which other methods are subjected The one hour basal study can eastly
be done 1n the physicrins office or the outpatient clmic the twelve hour
study must be done under hospital conditions and necessitates frequent
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uttention during this period to make sure that the method of asprrition 1
contmuously operitmg d not mterrupted by plugemg of the tube or it
dnslodgment Actully the nasogastric tube should be placed under fluoro
scopic control to be certun it 15 in the stomich

INTERRELATION OF CEPHALIC AND
GASTRIC PHASES OF SECRETION

Stiiaten {73) postulited sn 1933 that the ceph the phase of aaid scerction
1s mediated by release of gaston from the wtrum His views were ¢
tended by Uvmas (79) and Linde (55) According to this hypothests the
vagal or cephilic phase cannot apertc in the absence of the antrnm This
Iy pothesis was disproved by the follow mg obsersations

Trest there v 15 no wugmentation of scerction 1 1 Herdenhun pouch
when the vagus nerves were stimulited by msulm hypoglycenun although
1 coprous secretion of acid w 1s noted 1 the mmin stomach (43) If gastrn
was redersed by the vagal stmulation 1t would be camed to the Heiden
hun pouch vi2 the crreulition wd increase the volume of secretion m this
deners 1ted pouch 1s well 1s 10 the body of the stomich

Second when sumlar studies were carried out an the Drastedt pouch
m which the vigus nerses remuncd mntact the total twenty four hour
pouch secrehon was shown to be narmal by Drngstedt of al {81) Sum
laely the secretory response to msulin hypoylycemn was found to be
normal The wntrum wis then resected and the obserstions repeited
They found thit the copious duly sccrction contmucd md that the ro
sponse ta msulin remuned posttnve although both responses were some
whit dummshed As 1 third stage m ths procedure the vagal mnenation
of the pouch wis lted by vigotomy The twenty four hour output of
1id secretion was greatly reduced The response to msulin by pogh cemit
w ts tbolshed mdrc g that the v 1t could nd had been functiomng m
the absence of the antrum

A brief moment of rcflection 1s sufficient to convince iy experenced
surgeon that the v iz ¢ function Wl too well without the itrum Whit
1 grand sitation it would be if resection of the antrum alone would
tholish the cephihe phase an the alocr prtrent! If s were true post
g wtrectomy margn il uleers would be lmost non eustent Dragstedt et al
(31) found the insuln test to be positnne 1 e wh of aght cses of mrginl
ulcer which had doveloped fter gastnc resection Obviowsh  the vagr
continue to function nd to stimul ite gastric secrehion nnless they are
drided or the total pirictal cel portion of the stomch is ramoved i the
course of resection

Although tt1s clear that the cephalic phase mednted through the vigs
wenes cn function to stimulxte gastric secretion without the intrum
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these experiment 1l obsers 1tions do not answer this question Tsat possibl
that the cephiic phise docs not operte to its fullest cxtent without the
o oper ttion of the wtrum?® Perhaps the role of the intrum 1s facultane
rither than obli ytory mwsofar as the cephilic phase of gastne secretion 15
concerned Studies have been reported which mdieate thit this mw be
true Certun of Linde s experiments (55) suggest this possibihty but thes
were like those of Usnis (79) n onc unfortunte respect the evperiments
of both werc acute and camed out on anesthetized ammls wath vagil
st mulition weomplished with a d dischiurge  Their methods
crented certun complicitions s well as uncertamnty 1n mterpretation of
the results observed

Nonng (61 62) studied the nocturnl secretions and the sham focdmyg
response 1n wleer patients before and after prtinl gastrectomy  He found
considerable reduction m acid after the operition both 1n the overmght
secretion mesurements wnd 1 secretons followng sham feedngs He
recogmized the difficulties of obtuning 1 v1hid collection of the gastne
secretions m the presence of 1 gastrojejunostomy but felt justified 1 this
conclusion “It scems most likely that the resected prt has been a Iink 1n
the processes which eliait the cephalic secretion ™

Dragstedts work cited 1bove might also be considered s evidence that
the ntrum contnbutes 1n some way to the cephalic phase of gastnic actd
secretion Dogs with otherwise total pouches retuming vagal mnenvation
displaved 1 23 per cent nerage reduction m the quantity of acid secre
tions collected nfter the antrum w1s removed Antrum resection 1lso re
duced the quwntitative secretory response to hvpogh cemit by an average
of 41 per cent

Thus the observations on decreased gastric response to yvagal simult
after antrum resection m1y indicate that there 1s 1 speaific co operatne
function of the antrum 1n the cephalic phase But this 1s not necessanly
the case It could mean that there has been a general non speafic de
creise m sensitivity or responstvencss of the panetal cells to any stimulus
as 1result of the antrum resection There 1s some evadence to support this
hypothesis

Farmer et al (33) stuchied the gastric secretory response to stumulition
before and 1fter purtial gastrectomy which included the antrum They
found that the msulin response was reduced by 79 per cent nd the rc
sponse to lnstimine w s diminished by 85 per cent This would \ppear to be
strong evidence for the view that removal of the antrum decreases the
responsiveness of the cell If the antrum were plwing a speaific role 1n
the cephalic phase the msulin response should be depressed to 1 much
greuter degree than the tistumme response However following partial
gstrectomy there 15 1 substantil reduction m the number of prietal cells
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A sumlar general decrease n responsneness to any stunulus cin also
be demonstrated after v agotomy It has been shown repeatedly that the
panietal cell response to 1 grven stimulus 15 decreased by vagotomy This
1s true m both man and ammnls and holds for all the usual methods of
sttmulation test meals caffemne alcohol and histamine The decreased
response to lustamine after vagotomy 15 particularly sigmficant though
not readily expluned smce histamine 1s thought to act directly upon the
panetal cell

Therefore 1t seems that cholinergic and hormonal sttmuli acting upon
the panetal cell may elieat 1+ summation of the responses which the mdi
vidual stimuli might evole 1f given separitely Tt s not necessary to postu
late a speafic co operative effect of +1gal and antrl sttmul to evplam
observed phenomena

PATHOLOGIC PHISIOLOGY OF THE
CEPHALIC PHASE (VAGAL INNERVATION)

The preceding portions of this chapter hive elaborited the physiologic
functions of the vagal nerves 1n the control of gastric secrction The patho

logic aspcets as they pertun to bemgn peptic ulcer of the duodenum and
gastrojejunal stom1 will now be considered  the role of gastric aaidity m
peptic ulcer the secrctory findings in the ulcer patient and the role of the
vagin the control of gastric 1eidity m the uleer p thent

THE ROLF OF GASTRIC ACIDITY IN PEPTIC ULCERATION

Although other factors may contribute to peptic nlecr 1 rcatively Ingh
gastric aadity 1s the sime qua non for its genesis perpetuation or recur
rence Medical and surgical procedures currently used in the treatment of
peptic ulcer re designed to ncutrilize the acid gastric juce or to decrese
its production The success of treitment 1s directly proportional to the
extent to which the gastric acidity 15 decreased

The role of actd gastnc juice n uleer production has been demonstr ated
mamy times and m many ways i the experimental wmmal many of these
closely resemble clmical cases of peptic ulcer Dragstedt and Vaughn
(24) unplinted segments of smill and large bowel 15 well as the ntict
spleen hidney or pincrets mnto defects i the gastnie w il of dogs to de
termne if the organs would be digested when bathed m gastric juce If
the blood supply of the implant was not mjured the implnt remuncd un
digested and was eventually covered with 1 thin Inver of gastrie mucosa
But tf such imphints were mde m the wll of 1n accessory gastric pouch
the implint was promptly digested and death from hemorrhage or perfo
ration ripudly emsued (22 58} The usual gistric content consists of 1 mix
ture of swallowed food and salna regurgitated duodenal content alha
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lme gastne mucus seeretions 1s well s 1ad pepsm from the gistne
glands The secretion from an 1ccessory stomich pouch consists almost
entirely of the acid pepsin secretions diluted and neutralized only by
mucus 1 contrist to gistric contents (sec p 4) Pure gastne juice igh
macdity has 2 mrked corrosn e action on Inmg tissue while the normal
gostric content low maadity 1s relativels mert

Histmine w 1s demonstrated to be 1 pow erful simulant of g stre aud
secretion by Poprelshiin 1920 but his method did not yield reproducible
results 1n the production of peptic uleerition in the duodenum or stomach
However 1 1940 Code and Varco (16) ncorporited hustamine in bees
wax for slow but continwous release wnd therchy prodi ced m dogs a sus
tamed hypersceretion of i hly wad gastne pnce from e denhamn
pouches this hy persecretion Iasted for mny hours They found that duly
ntramuscular imphintation of the histamine beesw w regularly produced
peptic ulcer in 1 wade yanety of experimenta] wmmals (38) Though most
observers held that the corrosne action of the grexth augmented aod
secretion was the mechanism responsible for the ulcerition some beheved
that the vasodynimic and angiotoxic effects of histamine were the basic
factors responsible The Itter view was disproven when 1t was demon
strated that anti histarmme agents do not protect agunst istimine pro
voked uleers (36) It 1s farly well estiblished that the more effectine
ant histamine agents block 1l known effects except the histamme stimu
lation of the panetal cells

1f hy drochlone acid 1s important to the genesis of peptic ulcer then 1ts
mtragastne mstillation should regululy produce ulcers Such experiments
met with vaned success until the well designed studies of € ummans
Grossman and Ivy (18) They found that continuous nstillatton of 01
normal HCI (N/10) produced duodennl ulcers in dogs enly when the pH
of the blood of these antmals fell to about pH 69 When the normal blood
pH value of 74 was muntuned with the mtrayencus wdmmstrition of
sodium hicirbonate admumistration of 01 norml HCl did not produce
ulcers However if the concentration of wid was rused to 015 normal
then uleers were produced in spite of the mamntenince of normal acid base
balance The concentration of pure parietal cell secretion 1s sud to be
0167 normal HC1

GASTRIC SECRETION IN PATIENTS WITH DUODENAL ULCER

Common to all methods described for producing chrome peptic ulcers ex
penmentally his been the increased production of acid gastnc puice As a
mAtter of fact mereasing the acid factor 15 the only method devised to
date for expenmentally producing ulcers wh ch resemble benign chrome
peptic ulcers as seen m man
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Nearly ll patients with duodenl uleer secrete sigmficantly more HCH
than do normals  Some mvestigators have found that the free acid con
centration of the ulcer patients secretion 1s not much higher than that
of normals for there 1s considerable overlp of the high raidity normal
and the low aaidity ulcer patient A difference 1 the secretions which 1s
more striking 1s seen 1n the volume of secretion produced nd therefore
the total free acid, using this measure the results obtamed from normals
show little stmulanty to those from the ulcer patients Therefore to evaluite
gastrie secretion n the ulcer patient both the aeidity and the volume of
secretion must be considered Multiplying the volume m liters by the
mithequis alents of HCI per liter (the free ncrdity or “clinieal umts”) gives
the tot1l 1mount of neid produced expressed m milliequivalents If one
compares the tota] acid output of the ulcer patient with the tot1l acid out
put of healthy controls 1t 15 cleurly evident that nearly all ulcer patients
secrcte significanth, more aeid gastne juice than do the normal controls
This holds both for tests by smulition ind those which measure secre
tion durmg the interdigestive or basal penod There 1s very hittle overlap
between normls and ulcer patients (see p 11)

In a study of acid gstric secretion referred to earher which Firmer
et al (33) camed out on ten norml individuals forty one patients with
duodenal ulcers and twehe patients with gastrojejunal ulcer the fasting
secretion and also the responses to msulin histwmmne and beef broth
were greater in the two groups with ulcer disease than in the controls The
findings of others for the mdividunl tests were confirmed but the partien
Inr value of this study 1s thit it compares 1n the same subject the gastne
response to a potent neurogenic stimulus (msulm) 1 potent chemcal
stumulus (histymime) 1 physiologienl chemical stimulus (beef broth)

1l of which are evogenous sumult In addition they were able to assemble
data rehitive to the interdigestive secretion for each subject m these
groups compnsing the study ‘Therr results are shown griphieally n
Figure 7 The quantity of acid m the gastric contents of patients with
duoden:l ulcer or gastrojejunil uleer was sigmificantly greter following
ll forms ot stmulation The most strikang difference however 1s secn in
the basal or interdigestive phise of secretion confirming, and cxtending
the report of Dragstedt ¢t al (29) wnd Levin et al (51) Dragstedt found
thit eighty one normnl subjects scereted an average of 551 ml with
awerge free aodity of 33 mEq/] 1 total overmght output of 16 mEq
HCl One hundred and thirty five patients with chronie duodenal ulcer
seercted an averige of 1083 ml with an mverage free aedity of 52 mEq/l
— total ncrd output of 60 mEq Levins results were almost sdentical 178
mEq compwed to 61 mEq In summung up the differcnce bhetwen the
normal nd the ulcer patients Dragstedt (23) wrote as follows
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In normal man the secretion of gastne juice m the ntenvals betwecn meals
when there 15 no food 1n the stomch or upper mtestines falls off to a small quan
tity that can be buffered by the salna pyvlonc mucus and the regurgitated duo
denal secretions The chief secretory abnormality 1n ulcer patients Les not 1n the
production of more norm 1l juice 1n response to the usual stmult although there
1s some evidence that this occurs but rather in the secretion of abnormally large
amounts of gstric juice 1n the mtervals between mels particularly at mght when
the stomach 1s empts and there 1s no obvious stmulant The accumulation in the
stomach of considerable amounts of such relstnelv pure fundic secretion obvi
ousl provides m man the counterpart of those experiments m ammals where
ulcers mevitably develop and become progressne
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Fre T —Griphic demonstration of the marhed gastric hypersecretion found 1n patents
with duedeni! and stomal ulcers (Courtesy Farmer Howe Powell and Stithwick 33 )

Most have found that male controls have 4 hi, her acid output dunng
basal conditions s well as 1n response to sttmulttion than do female con
trols under similar conditrons This same relationshup holds for the greater
secretory patterns obtuned w male pitients with peptic ulcer thw
females with this disease This ligher acid output m the male 15 of con
siderable interest in view of the fact that males with duodenal ulcers
greatly outnumber females with this affiction

The preponderance of the eusting evidence indicates that duodennl
and gastrojejunal peptic uleeration 1s charctenzed by a hy persecretion of
2eid although the nature of the hypersceretion 1s probably not entirely

d 1 Does this hyp eust poor to the ulcer and will 1t con
tinue after the ulcer 1s healed? Or does an ulcer patient have a normal




32 Edward H Storer

gastric secretion until some situation befalls him which causes an
creased secretion of acid which m turn causes an ulcer® Or 15 1t the
presence of m actve ulcer that causes the hypersecretion® These e
questions of great pract cal sigmficnce to say nothing of their theoretical
importince Unfortunately there ire too hittle data 1t present to provide
the unequivocal answers necessiry to justify even reisonble speculition

The evidence v ulable relates prineipally to gastuic secretion after heal
mg of the ulcer The response to alcohol histummne and caffeme 1s un
changed there 1s no significint difference after healing—the hypersecre
tion continues (42) Similar findings are reported by Levin karsner nd
Piumer (49) who studied the nocturnal secretion of duodenal ulcer
patients before and 1fter healing Since hypersecietion continues 1fter
healing 1t 1s ikely that it exsted prior to the ulcer but there 15 no evt
dence wailable on this pont It might be easily answered however m
those mvestigations which mvole large groups of normals In such
groups 1 certun small percentage will be Irvpersecretors with nad
sponses 1n the ulcer ringe Also 1 smill percentage of exch group mty
be expected to develop duodenil ulcers What 1s the secretorv pattern of
those who eventually develop ulcer? Do they show normal gastric secre
tion at present or are they ilreads known to be hy persecretors® If current
hypotheses are correct there miwv be « high correlition between the
present hypersecretion group wd those who will develop ulcer disese at
a Inter date

A[ECHANIS\ OF GASTRI( HYPERSECRETION IN ULCER

Why do ulcer patients secrete more HCI thin normals do® What 1s the
mechamism by which this hvpersecretion 1s brought 1bout? Is 1t the 1esult
of a pathologic stimulus or simply an exaggeration of physiologic mecht
msms® To answer the list question first The fact that ulcer pitients con
tmue to hypersecrete 1fter the ulcer his healed would favor the view that
an exaggerated response to physiol 1 sttmuli 15 1 ble Second it
15 well known that the secretory pitterns of patients with gistrie uleers
differ from those with duodenal or gstrojejunal ulcers 1n that they do not
hwve 1 hypersecretion of acid 1n the mterdigestive or basal penod (76}
But if the hvpersecretion in ulcer were due to the ulcer (by hberition of
histamme from the inflamed tissues or some similar mechimsm?} then the
patients with gastre uleer should also hypersecrete Therefore smce therr
mterdigestny e secretion 1s normal or less than normal 1t would seem that
ulceration per se does nat cause hypersecretion

In regard to the mechwmsm of hypersecretion Drastedt (23) believes
that secrctory hypertonus of the vagus nerves to the stomich 1s the
culprit m most cases of duodenal ulcer He pornts out that the cxcessive
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of the i ne or basal 15 reduced to normal or

less than normal when vagotomy 1s performed Whereas thus 15 certunly
strong evidence for the wagal hvpertomaity hypothesis 1t s not conelu
sive There are several other possible explnations which right fit these
observations

The panetal cells miy be abnormally sensitive to any and all shimuly
and my simply be overresponding to vagal (nd other) stimult which are
normally present Dividing the vagus nerves removes tonic or subminimal
stmuli reducing the sensitivaty of the panetal cell to 1 nosmal level The
observation that ulcer patients hypersecrete to all types of stmuli might
be thought to favor the “sensitive cell” hvpolhesxs 1s would the fict that
the gastnic response to all stimul incl 15 dl d by
vagus section The gastric secretory response to ll shmult (except m
sulin) s well s basal secretion 15 reduced by the usual partial gastne
resection 1s by vagotomy In this case the rescction muy decrease panetal
cell sensitivity by removing the influence of the gastrin producing wntrum
Of course partial resection also removes a portion of the pinetal cells and
thereby effects a commensurate reduction i the quantity of acd pro
duced If there 1s hypertonaty of the vagi to the stomach then one might
expect to find evidence of mcreased tone elsewhcre 1n the parisympa
thetic system—particularly other branches of the vam Lattle {(56) stuched
fifty ulcer patients and twenty five control patients observing sixteen
physiological vanables which are controlled m part by the twtonomic
nerous system He failed to uncover wny differences m prisympathetic
activity between normals nd uleer patients It 1s well known however
that mass discharge 15 not the rule 1n the parasympathetic system as it
often 15 1n the sympathetic system Moreover there is no renson to vssume
that those vagal fibers whch do not go to the stomach (e g cardine) are
necessanly mvolved i hypertonus

Another possible explan ition for the observed hypersecretion might be
that all simuli are normal and the hypersecretion 1s due simply to 1
greater than normal number of panetal cells This would assume the
tonus of the vag to be normal rather than merewsed Tongen (78)
counted the panetal cell density 1n resected human stomachs and found 2
furly ngh correlation betw een the concentration (or number) of panetal
cells and the preoperative hust: He was also able to cause
considerable hyperphsm of panetal cells 1n dogs by chromc histamine
stmulition The pretreatment average count was 96 panetal cells per umt
aren after hustamime treatment the count was 163 panetil cells This
would seem to be a fertile area for further iy estigation mto the role of the
vagus nerves in hypersecretion

Sull another possible explanation might be hypofunction of the
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T ! me for nad secretion Although the
exstence of nlubitory nfluences have been known since Pavlov the
physiology of such mechanisms 1s only now bemg studied pirticularly n
the labortories of Dragstedt Woodward Grossmin and Harnson What
role 1f any the mhibitory mechinisms may play in the genesis of peptic
ulcer rem uns to be seen

Although the actd hypersecretion of ulcer ptients nd 1ts reduction by
vagotomy have given nise to many hypotheses none expluns it any better
than the vagal hvpertonus hypothests of Dragstedt There are observt
tions which can be explaned 1n several ways but there 1s very httle ev
dence agamnst the vigus hypothesis Morcover there ¢ observations
which enn be expluned only by this vagal hypothesis

Acid seeretton 1s controlled by several different mechamisms chemicl
as well as nervous But pepsin secretion and gastric motihty we pnnclpﬂ
Iv controlled by the vagus If vagnl hypertonus 1s responsible for the naid
secretion there should also be n mereased pepsin output and mcreised
gastric motility 1n ulcer patients Most investigators have found that this
1s the case Ulcer patients have three times as much pepsin m the basil
secretion as controls have (44) The motihty 1s increased both s
measured ridiologically and by balloon techmes (72) Tlns would appear
to be very strong evidence 1n favor of Dragstedts view that the vagus 1s

ble for the hyg 10n seen wn ulccr patients

EMOTIONS VAGUS NERVES AND PEPTIC ULCER

Most climcians are agreed that stress particululy mental stress oftcn
appers to play 1 role in the chrome peptic uleer ditthests The sensitiaty
of the digestive tract to mental disturbances w s erly recogmzed and
finds frcquent expression such as the following obsery ition from Blumen
bach m 1817

The stomch 1s 1mpls furnished with nerves from e1ch nervous sy stem whence
arnes 1ts great sensibihity from which 1t 15 so readily affected by all hinds of nerve
stimult whether external as cold or mtermil s food ind ats own flnds or men
tal whence 1so the great and surprisimg sympithy betwcen it md most functions
of the svstem to which are refernible [sie] the mflucnces of all pissions upon
the stomich nd of the healthy condition of the stomach upon the tranquillity
of the mind {8)

The posslblc mech imsms by which mental stress imttites or parpetutes
an ulcer remain somew hat obscure n spite of the great amount of thought
and resc wrch devoted to the etology of uleer Wadely quotcd i discus
sions of the neurogeme spects of pephic uleer 1s Cushing s Peptic Uleer
andd the Interbram (190 m which he concludes
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Soat mav easily be that nghly strung persons who inchine to the form of nerv
ous mstibilits clssfied as pirisympathetic {vagotonic) through emotions or
repressed emotion neidental to continued worry and anxety and heavy respons:
bility combined with other fictors such s iregular mels and excessive use of
tohacco are pirticularly prone to have chronte digestive disturbances with hy per
aadity often leading to uleer

Cushing, presented mne cises of acutc uleers crosions or widespread
mihiert of the esophgus stomach or duodenum plus one subacute and
one chrome duodenal uleer Al of which followed surgery of the central
nenvous systam The numbcr of ehronie duodenal ulcers found by Cushing
wisremarkable remarkable in that he found so few 1n tis tremendous ex
perence with mtr ieramal tumors In the hight of current knowledge 1t
would appear that Cushing fostercd at least two misconceptions first that
postoperitive acute uleers are pirticularly prone to follow mtricramnl
operations and second that such acute often agonal ulcers are “wholly
comparible to chronic peptic ulcers These enticisms however 1 no
w1y detract from the great contribution that this pper made i onenta
tion and chrificition of thought regirding the chiology of peptic ulcer

Cushing's report of acute upper gastromtestnal ulceritions following
mtraciam il operitions has smee been confirmed by many but itis also true
that acute ulcers occur after myjor surgery in other regions of the body
Thus McDonnell wnd McCloshey (59) found a 3 24 per cent incidence of
1cute uleers 1n utopsy mitenal following surgery on other than the cen
tral nenous system and 2 278 per cent madence following centril
nervous systum lesions Fletcher and Harkins (84) reported forty two
autopsy cses of cute ulcer that followed surgery bumns traumn and 2
vaniety of senous medical diseases They felt that therr data supported the
view that there 15 1 correl tion between the seventy of the original disease
and the hkelthood of secondry neute ulcer formation There 15 consider
Wle recent work which cwnnot be detuled here that implicates the
hvpothalimus hypophysis 1drenal as mn these acute stress ulcers

Griy nd collergues (87) and Porter Movius and French (66) hwe
presented evidence which 1 Griy s words “suggests that chronic emo
tional and physical stress 15 transmitted to the stomach by a hormonnl
mechimsm meditted through the adrenal glind nd may mduce gastro
mtestin] ulceration through the hypothalwmic pitwitary gastric pathwy
Most workers hive been unable to obtan evidence thit would mdict the

wlrenal mechnisms in chrome peptic ulecer One source of conflict may
be the dis 1greement 1bout uropepsin as 1 murror of gastnie secretory activ
1ty Rigler et al (68) luded that pepsin levels are independent of
s1stnie sceretion chivity [but that] uropepsin may be 1 sensitive and accu
rte index of adrenal actiaty 7 Hirschowatz and Streeter (40) huwve ew
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dence that the observed increase mn uriniry pepsinogen excretion foslow
g ACTH results from an increased clearance of pepsmogen by the kid
neys This s not to deny however that the adrenal mechamsm may often
be implicated 1 upper gastromtestinal ulceration It appeus to play a
mnjor role 1n acute stress ulcers and 1t 15 well known that ACTH or corh
sone thenp) may activite 1 quiescent peptic ulcer But most evidence
mndicates that the ulcerogenic ction of these drugs cannot be accounted
for by a steroid induced hypersecretion alone the gastric secretions
may be mcreased decreised or unchanged Lilleher Roth and Wangen
steen (53) showed that “a number of stiess provoking agencies n exper
mental animals fail to mfluence gastric secretion or even depress gastric
acidity but nevertheless they evert a powerful ulcer abetting effect by
reducing the resistance of the gastroduodenal mucosa to autodigestion
It may be that the mucosal resistance 15 lowered by local vascular chinges
and by 1n attenuated mucus barner

LFFECT OF EMOTIONS ON GASTRIC
SECRETION AND MOTILITY

Cannon (12) held that stressful situations produce a decreased gastrc
secretion and motihty Thas 15 1 part of the flight or fight defense reac
tion 1n which there 1s a general decrcise in digestive and reproductive
functions and A genera] increase mn sympathetic functions such as heart
rate blood pressure and glycogenolysis Teleolomcally this appears logt
c1l—but illogical perversions of physiological mechanisms may oceur

Wolf ind Wolff (80) hwe found that the human stomach 1encts to fear
dejection gmlt hopelessness or despur by 1 decreased secretion nd
motility But ety anger and resentment and frustration provoke
v dimetrically opposite response an meresed gastrie secretion and mo
tility Therr most extensive observations were mide on Tom 1 man wath 1
surgreally created gastric fistula followng 1 bemgn stricture of the esoph
gus They later studied three other men with gastric fistulae One of these
15 of particular mterest to this discussion because observations were made
before 1nd atter bilateral vagus section Before Ins v 1gotomy i discussitt,
1 phyvsiclan who the pitient thought had treated him badly the subject
became ngrv nd hostile whereupon hypersecretion wnd hypermotihity
occurred After vagus section although the patient becme just as emo
tronal when asked about the quack there w s no change m gastrie s¢
cretion or motility

Todd (77) mide extensne ridiogriphic observitions on the effects of
yvarious emotions on the gistric motility He found that fear dis ppomnt
ment or the stram of mental depression w s accompamed by 1 decrease
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i gstne tonus it wetk or absent perstalns But 1 the “wacty com
pler” the stomach Alw s mmifested hyperactivity

Nbl (57) me wured the basal or mtesdhgestive phiase of gistric nodity
1 cght unnersit stadents durmg 2 relitnvely gwied penod w the school
vear the meisurements were sepeated just before wn importint faal ex
apunaton Thore wis a sigmficintly higher erdits w sy of the esght
students which he attnbuted to theyr anvety

A lawver + ho had been hospitihzed for treatment of 1 duodenal ulcer
and who fmard hmmself as quute 1 chess plnver was challenged to 1
gume by Dr James § Chike (83} After the Lovin tube was placed inta
the frsting pitients stomach and connected to the Wangensteen suction
apparitus Clirhe proceeded to frustrate the patient i a gime of chess
the pitient w7 beaten rather badly As the tens on mowunted i the gime
5o too did the gastne secretion mount s meiswred by the rate of aceu
mulation of gastr contents n the collecting bottle His resentment and
hy persceretion pparently lasted for some hours since the night secretion
wiich hnd been 73 mEq HCI the night before sose to 134 mEq the mght
of the chess gime seeretion fell to 8Y mEq the following might

A simibas phservahion was made by Szasz ef al (74) on another patient
pror to wd fter vagotamy Fhos was 1 23 yeqr old male laborer with a
fve vear duodenal uleer hustory

The patint had been an continuous gastruc suction with 2 Wangensteen appa
ritus for 41 houss previously Tn connection with other studies the admmustration
of enterogastrone w s stuted 19 00 A v of thus dav  gastric contents were cal
lected and measured evers honr on the half hour A camplete mbvintton of gastrie

ctdity was mduced by enterogwtrone

The psyehuatne miterview began at 1 30 »x1 Approumately one hour later
15 the tepit of comversition shofted to mcreasinghy more personil matters the
P itient beearse somewh it invions and svon qiute hostide to the mteniewer
1t was noted that whereis at the ser begmning of the ntervieny there was onh

¢ slow strgwm of gestnc secretion bewg aspirated through the tubing of the
% ngensten \ppanitus Laste ¢ juice was now pourtng forth profusels OF par
trcul ur mterest was a compl ) of free hy h 1cxd i the
miduced by the myecuon of enterdgastrone before the psychuatrie mtersiey,
Vhen the patient exper enced mtense anger wlich ke could not express ade
quitely w words there wis an ontpeunng, of free hvdrochlorie acd the whe
bition of enterogastione s thws apparenth overcome Moreovey the secrebion
of gastric jusee per unit of time both as to volame and free 1cxdity was greater
durtug thus periad «f pachologic stumutiton than at any other time dusing the
pinod of sbsery then

‘The attempt at psycholegie shmulation of gastne secretion was repeated tow
duss after the pt ent underwent a bliteral subdinphragmatic vagatomy and 2
gastsoenterostorm The procedure was wenticad to that apphed before the aper
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dence that the obseryed neretse 1n urman, pepsmogen cxerction follow
g ACTH results from an mereased elcarance of pepanogen by the hd
nevs This s not to deny however that the adrenal meeh st my often
be mphicited upper gistromtestinal ulecritien It appos to ply 2
major role 1 acute stress ulcers nd it 1s well known thit ACTH or corty
sone thcr'lp) m1y actinate a4 quiescent peptic ulcer But most evidence
mdicates thit the ulcerogeme action of these drugs cannot be accounted
for by 1 sterond mduced hypersecretion alone the gistrie scerctions
may be mereised deercased or unchanged Lilleha: Roth wnd Waingen
steen (53) showcd that “1 number of stress provoking, agencies i cxpent
mental ammals ful to imfluence gastric secretion or even depress gustrie
aaidity but nevertheless they exert a powerful ulcer hetting effcet by
redueing the resistance of the gastroduoden il mucosy to awutodigestion”
It may be that the mucosal resistance 1s lowered by local sascular changes
and by an attenuated mucus barner

EFFECT OF FMOTIONS ON CASTRIC
SECRETION AND \MOTILITY

Cannon (12) held that stressful situntions produce 1 decresed gastne
secretion nd motility This 15 1 part of the flight or fight dcfense raae
tion 1 which therc 15 1 general decreise 1n digestine and reproductive
functions wnd 1 generil merease m svmpathetie functions such 1s heart
rate hlood pressure nd glycogenolysis Teleologically this appears logt
cal=but illogic1l paversions of phystological mechamsms mav occur

Wolf and Wolff (80) hve found that the hum i stomach retets to fear
dejectron it hopelessness or despair by 2 decrewsed secrction wd
motility  But ety anger and resentment nd frustrition provoke
1 dinmetnieally opposite response an ncresed gstre secretion wnd mo
tility Their most extensive observations were mide on Tom 1 man with 1
surgictlly created gastre fistul following 1 bemgn stricture of the ¢soph
1,us They later studied three other men with gastrie fistulie One of these
15 of prticul ir mterest to this discussion beciuse obseryations were mde
before nd aftcr biliter il v agus section Before his vagatomy 1 discussing
a physicin who the patient thought bad treited lim badly  the subject
becume wgry wd hostile whereupon hypersecretion and hypermotility
occurred  After vagus section lthough the pitient became just as emo
tional when ashed bout the “quick  there was no chan,e m gastne s
cretion or motility

Todd (77) mde extensive radiographie obserytions on the cffects of
varous cmotions on the gistric motiity He found that fear disappomt
ment or the stram of mental depression w s accompamed by 1 decreasc
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medrated prnapally through the vagus nerves since motor function as
well as seoretory function 13 affected awnd since the response 1 “bolished
by vagotomy

It 15 veny tempting to asenibe 2 mojor role fo maety hestilty nd
simlar emotional stresses 1 the mbntion and perpetuation of peptic
uleers A great deal more objectis € evidence must be obtuned before the
contribution of the emotions can be gquwhtitinely evalnnted however
1f one digs hard enough in the chinen] hustory of any pitient some sort of
emottomil problem can be found wd some post hoc ergo propter hoc
vewonmg 15 somewht dingerausly engiged s It should be borne m
mimd thit a patient vath burning eprgastoe pun may well be rither
araons about Ins puns Crcer 1s one of the possibiliies which crosses hus
mnd Then too there s the colleetne concest of our contemporary cvils
zation which fosters the behef that our hurned essstence 1s much mougher
upon the psyche than thit of pist gencritions But one wonders if the
threatened foss of w nceonnt by 1 Madison Avenue businessman 1 aav
more trwmatie than the anvety tbout where the next weil 13 coming
from 1 duly problem to which the happy errefree natne was often
exposed For example Schweitzer (70) tells of certun tribes m the upper
Ogowe regron m Afnier whieh often sell thewr children into shwery 3n
order to stve them from stisation Yet the mewdence of peptic uicer m
the African natve 15 sud to be low This suggests that an v weness of
threatumng concern about an event may be as ymportant s the act stelf

Several facts emerge from the foregomg conswdoribions most ulcer
prtients {and some normals) hypersecrete cemotional stress (cephalc
phase) mereases gastne secretion and the stress phenomenon medited
through the drenils may reduce local mucosal resistanee My ulees
patients corvelnte onset wd exacerbibion of ulcer sumptoms with perods
of stress Consider for example 1 person with 2 stomach thit by perse
cretes and 15 ypermotle because of constitutions] v igal hyperictnaty
Expose this person to 2 period of stress wath s 1ssoenited distmbed steep
ing and et hibits too much smeking eoffee nd aleohal If protracted
the mental stress further ncrewses the gastric scerttion i the gastoe
components of the vigus nenes wd the stress response of the adrenals
nd ats possible decrcast i mucosil resistance myy result m acute pephic
uleer of the duodenum This ulcer may then become chranic if the stress
contnues or 1f the constitution i s 141d hyperaetinity 15 sufficient 1o be 1
frctor 1n chrontoty

The relatine mmportice of the constitutiontl vagal by perctiviaty and

uleer susceptibility may vy from person to person For example 1 per
son with very active v would regusre onh Y mmor emotiona) upset in
develop an ulcer Such a peison would khely be 2 chrome problem since
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ation exeept that no enterogastrone was gnven The pss chologic stimulus of anger
new d d not result in i stgmific it nerease i erther the volume or free acidity
(concentration s welf s qu mtity ) of the gistric sccretion [see Fig 8]

Still wother obsen wtion of the <feet of nvicty on the gastric secretion
wis mide by Dragstedt et al (32) who presented datn on the fisting
secretion (twehe hour bisil or interdigestne) n aghty five duodenal
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uleer patients The overmi bt scerctions were measured during the third
mght before surgery the second mght and finully during the mght pre
ceding surtery On the werage these patients secreted 485 mEq on the
third mght 18 mEq on the second mght wd 675 mEq on the mght
before surgery The authors comment “It 15 mteresting to speculite that
this my be rlited to possible pprehension or anwiety concerning the
forthcoming oper thon

The evidence presentcd ibove would mdicite that the humin stomach
my respond to some forms of emotioml stress by an increse in secretory
and motor activity Further this gistric response to psychologieal stress 1s
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the hyperictive vagr constitute 2 potent chroniaity factor On the other
hand 1 person wath relatively normally actnve vagt could tolerate 1 con
siderble amount of stress before developing n uleer nd Ius uleer would
probably heal if the stress fictors were relieved

As mformation 1s ¢ uned concermng the ctiology nd pathogenesis of
benitn peptic uleer of the duodenum or grstrojejunal stoma 1t becomes
progressivedy more clar that division of the vagus nerves to the stomach
1 the ritional method of surgical therpy This oper ition 15 not umed 1t
the manifcstations of the physiological "bnormalities such s the hyper
scereting stomach Vaigotomy gets at the primary problum—the overactine
cephalie phise and ats untoward effects upon hypersecrction meditted vit
the vigus nerves to the stomach By divsding the vigr the constitutional
hyperietnaty of the nerves 1s abobshed But just s important the hy per
seeretion cwsed by emotional stress 1s also abolished since the connec
tions between the troubled brain and the stomach are dinided

1t 15 the rcasonible nd proper desire for physictins to prosent dicese
whenever possible thereby avoiding the necessity for tre stment The fol
lowing wdvice was offured by Leroy (Satchel) Puge (64) the acless
baseball pitcher on how to sty youn, It can probably be appled
equally well when the desire 1s to 1vod the development of an ulecr

1 Avoid fied meats wlich angry up the blood

2 If your stomich disputes vou e down nd prerfs 1t with cool thoughts

3 kecp the puices flowing, by jangling around genth 15 you move

4 Go vers hight on the vices such 1s currving on n saciety The socral rimble
un t restful

5 Avod runming at all times

6 Dont look bich Something might be gatnung on vou
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3 Physiwlogy of the Gastric
or Antral Phase
of Secetion

The gastrie phase of gistne secretion 1s releted pnmanly to the hormo
1) mfluence exerted by the gasine antrum 1t 15 therefore also known
s the antral phase of gastne secretion

The use of the nntrum exclusion operttion to avoid the difficult and
dangerous dissection mvolved m postenor penetrating duodentl ulcer
was first descnbed by von Enselsberg (8) It became popular becwse of
this safety feature and w1s used n a great number of pitients treated by

Finsterer (10) who called 1t “ for exclusion” The 1 dure was
lso advocated by Devine (2) who referred to it 4s his alkahzing opern
tion” In fact the op for antral excl gamed ¢ derable popu

lanty 10 surgieal circles everywhere Dunng the years 19:8-45 however
there were disquieting reports from Ogilvie (28) Wangensteen (42)
wnd Allen and Weleh (1) mdieating 1 lngh ineidence of gastrojejunal mar
ginal ulcerition m patients previously subjected to the antral exclusion
operation The following case report Mlustrates this problem s well s
pomting, to others

M S 136 vear old white married ment salesmn first cime to the University
of Chicago Clinics 1n 1938 At this ime the patient complained of periodic bouts
of epigastnc pain which desveloped one to two hours after meals his pun was
relieved onlv by food or antacids X riy eximimation reveiled duodenal ulcer
with crater He received treatment on an outpitient basis until October of 1940
when 1 bout of acute obstruction precipitated s first hospital admission He
responded well to medical theraps but required 2 month of hospital care Roent
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genogrims reveled parsisting Tugh grade pylonc stenosts In 1942 obstructive
ssmptoms recurred Two hospitshzttions fuled to achieve listing rehef and
n Februwn 1943 the prent wis admitted to the surgical service m a state
of severe alklosis scrum chlonde w15 80 2 mEq/1 Following the requisite elec
trolvte repletion operation w s performed on March 1 1943

A Lige nflimmators mass 1bout the proumal duodenum wis found with
the pucrcis densely adherent to the duodenum on ats supenior 1nd posterior
wpects Therefore 3t wis decded to perform 1 Finsterer cxclusion gstrectomy
The stomich was trinsected about two inches provimal to the pylorus and the
distal end was closed A three quirter gastric rescction w1s then performed with
1 retrocalic Pols 1 anstomosis The patient recovered rapidh nd was discharged
on the thirteenth postoperatine duy

He remuned well for only five months In August of 1943 he noted v recur
rence of lower abdommal nd lumbw pun puticularly severe at mght which
wis relieved by food flunds or belching X\ rw films revenled 2 huge criter in
the jejunum immeditely opposite the wstomosis (Fig 1} The patient was
treated with \ rv therapy directed to the bods and the fundus of the stomich
Histunme chlorhyvdn ensued with remission of the gastrojejunl ulcer But
one vear liter the uleer distress recurred and \ ray films ag un disclosed a large
margmal uleer In wditon there wis t p ompt refley of binum through the
Afferent jejunl loop mto the duodenum through the pylorus nd nto the
excluded wtrum (g 2)

The cse reported bove puticulurly the N ry findings portried m
Figure 2 ind thesc reports from the hiterature rused the question wheth
er the exeluded tril put of the stomich might 1 some w1y stimulate
the secretion of w1d gastric juice Certamnls 1f binum could refluy the full
length of the aficrent Ioop mto the isolitcd antral segment food sub
stances could 1l o be evpected not only to come 1 contict with antral
mucos but 1lso to distend the wtryl lumen thereby stumulatng 1its func
tion

The possibility tht the wtrum of the stomich nught elborite 1 hor
mone which medited the gistric or ntral phase of gistric secrction w1s
first postulited by Edkins m 1906 (6) Influenced no doubt by the dem
onstrttion by Buvliss and Starling onls four v ears earher of the pncreatic
secretin mechmsm Edhims was struch by the distinctnve histological
structurc of the pyvlonc ntrum especiilly ats complete lack of pm(‘hl
and cluef cells He reported studhes wherain the mtrw enous admmisted
tion of cxtricts of itril mucosa strmulated gistrie secretion extrcts simt
Irly prepired from other prts of the stomich were without effect Fur
ther studies were cined out on wumals m which the mtrum was sepr
rited from the body of the stomich by 1 mucosil draphragm (7) The
ntroduction of food substwmnccs into the wtrum was followed pmmptl\

by the secre/w*n&:cxd gastric juice w the bods of the stomich These
h

i ~
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results were considered to indicate. the presence of a hormonal mechanism
Edhins comned the name pastrin for the notral hormane

Durnng the four decades that followed Edhms onginal observations the
status of his gastrin hypothesis w s a controverstal one Ivv nd Whatlow
(17) n repeating the expennments of Edhins and Tweedy found no sig
mficnt nerease 1n secrction of the fundus when foodstuffs were mtro
duced nto the antrum They pornted out that the secretion secured by
the earher workers was so meager in amount as to fall within the range of
the basal sceretion and was thus without st mficince They put the gstrin
theory to physiologicil test by prepinng 1mmals with 1 Pavlov pouch and
an 1solated pouch of the antrum Even prolonged contact of the antral
mucosa with many foodstufs fuled to stimulite gastrie secretion from
the Parlos pouch In 2 sumlar expeniment Prestles and Mann (31) like

e g ————rsy

1

Fic 1 —X ray flm showing huve margmnal ulcer opposite gastrojejunal stoma fre
months after Finsterer exclusion gastrectomy
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genogrims reveled persisting Iugh grde pylone stenoss In 1942 obstructive
symptoms recrred Two hospitalizibions faled to acluicve Tisting rebief and
n Febrs 1943 the patient was wdmitted to the surgiel strvice 1 a state
of scvere alhalosis serum chlonde was 80 2 mEq/1 Followng the requisite clec
trolste repletion operition was performed on March 1 1943

A luge mflmm tors mass bont the proumal duodcnum was found with
the pancrers densels adherent to the duodenum on its supenor wd posteror
wspects Therefore 1t was deaded to perform 1 Finsterer exclusion g istrectomy
The stomich was trisected 1bout two mehes provimal to the pylorus and the
distal end wns closed A three quarter gastric resection w1s then performed with
1retrocolic Pols 1 nistomosss The patient recovered rapidly and was dischuged
on the thertcenth postoperatne dw

He remamed well for onh five months In August of 1943 he noted a recur
rence of lower bdommal ind lumbar pun particuludy severe it mght which
wis reheved by food flwds or belching N rav films revetled 2 huge crater m
the jojunum immediatel opposite the wmastomosis (Fig 1) The prtient wis
traated with \ ru theripy directed to the body and the fundus of the stomch
Histimine 1chlorhyvdny ensued with remission of the gastrojejunal uleer But
one yar later the ulcer dhistress recurred and X rv films agun disclosed 2 Irge
murgind uleer In addition there was v p ompt reflux of binum through the
ferent jejunal loop mto the duodenum  throw_h the pilorus and mto the
excluded mtrum (Fig 2)

The eise reported wbove prrticululy the X1y findings portrived m
Figurc 2 and these reports from the iterature rused the question wheth
« the cxcluded antral part of the stomich might m some way stimulite
the seerction of 1ad gstrie juce Certamly 1f buium could reflux the full
length of the ffcrent loop mto the 1solated wntial segment food sub
stances could al o be expected not only to come m contict with wtril
mucos t but 1lso to distcnd the ntral lumen thereby stimuliting its fune
thon

The possibthity that the antrum of the stomach might cIborate 1 hor
mone winch mediited the gastric or antral phase of gastrice sceretion w15
first postulitcd by Edkins in 1906 (6) Influenced no doubt by the dem
onstrition by B1yhiss and Stuwhing only four years earlter of the pncreatic
secrctin mcchamsm  Edhins was struch by the distnctive istologicl
structurc of the prlone mtrum  especially its complete Ick of panctal
wd chief cells He reported studies wheremn the intrivenous admimstrt
tion of extricts of wntril mucos simulated gastric secretion extracts sim
Irly prcpmrcd from other parts of the stomch were without cffect Fur
ther studics were cuned out on antmals 1n which the antrum was sept
rated from the body of the stomich by 2 mucosil diphrygm (7) The
mtroduction of food substances mto the antrum w1s followed promptly

by the secretion of aad gastric yuice m the body of the stomach These



Physiology of the Gastric Phase 49

wise reported no secretion of gastric jumce as 1 result of stmulition of 1n
tsolated antrl pouch n dogs with 2 fundic fistula

Stuches on the effect of exciston of the antrum i expenimental ammals
gave confliching results Portis and Portis (30} Shapiro and Berg (33)
and Thompson (39) found no change 1n the secretion from isolated
stomach pouches following resection of the gistnic antrum Howcver
Smudt (36) reported marked reduction 1n the secretion of gastnic juice
from 1 Pavloy pouch after removal of the antrum Likewise Wilhelm) and
collegues (43 44 45) found 1 reduction of 1c1dity 1n the gistne juice of
dogs after resection of the antrum

Further studies with prlonic extracts have also been confustng As Ivy
and Whitlow (17) pomnt out “It 1s not correct to assume that pharmace
lomcal action denotes physiologien! sigmficince ™ The studies of heeton
Roch and Luckhardt (21) demonstrated the non specificity of the gastne
secretagogue for the antrum they were 1ble to obt un the <ame effect with
extracts from mam other tissues including some outside of the gastro
mtestinal system It became 1pparent that the active principle m all of
these extricts was listamine In other studies however histumune free
extracts of the ntrum with defimte gastric secreton actvity have been
prepared by the same experimenters 1nd by homarov (22) More recent
1y Jorpes (19) has extended Romaroy s extraction techmie to obtun 1
highly refined and potent gastnn which he believes to be a protem
containing substance

The expenence of surgeons with the antrum exclusion oper iion seemed
to refute the predommantly negative physiologic studies which followed
the ymtinl report of Edlans and on this basis it was fclt that reimestian
tion of the problem was warrinted Using the collection technic devised
by Dragstedt Havmond and Ellis (3) st was possible to assemble relt
able quintitative data A defect common to many previous reports was
reliance upon qualitative measurements of the concentration of free acid
in samples collected There 1s now general 1_reement that the secretion
of panetal cells 1s manufactured at 1 constint acidity and that « inations
n the acidity of the gastnc content are due to the presence of neutrhzing
substances In gastnie pouch preparitions very httle neutrihzing materal
15 present so that the volume of secretion mw be greatls reduced without
" corresponding reduction 1 the concentrition of free acid With these
lhmughls 1 mind we embarked upon a series of experiments m the fall
of 1946 some of these are described below

EFFECT OF ANTRUM ABLATION

ON GASTRIC SECRETION

Isolated small stomach pouches of the Puloy or Heidenhun vamets were
prepared 1n a senes of mongrel dogs (see p 79} Following recovery by



Fic 2 ~X ray film showing reflux of hanum 1ato excluded antrum
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the actdity fell from about 120 mEq/1 to about 95 mEq/l It was also
noted that mcomplete resection of the antrum was followed by persistence
of relatnv ey large solumes of pouch secretion even though the retamncd
antral remnant was rather small

These studies showed that resection of the gastric antrum produced
an extenan e reduction in the secretion of acul gastric juice 1n dogs
prepared with Pavlov or Hetdenhain pouches It was apparent that the

major 1 7 ble for the of acid gastric jurce by these
1salated pouches was m some way related to the presence of the antrum
E d by these p results the problem ws re-examined and

approached 1n another way

EFFECTS OF ANTRUM TRANSPLANTATION
ON GASTRIC SECRETION

In the first of our antrum transplant expeniments our objectnes were to
remove the antrum from gaslmmleshna] continutty and to remtroduce 1t
by stages nto the second part of the duodenum Thereby complete de
nervation of both the parasympathetic and sympathetic nerve supply of
the antrum was achieved The animal preparation used included 1 totally
1solated stomach pouch with the vag: cut the pouch engmally descnbed
by Lim Ivv and McCarthy 1n their classic demonstration of the intestinal
phase of gastrie secretron (24)

As 1 the previous expenment the dog was mamntained on a crefully
werghed diet quantitative daxly collections of gistnic secretion were made
After a long observation peniod reoperation was performed The diniding
pomt between the antrum and body of the 1solated stomach was deter
mmed and the anterior wall dvided On the postenor wall and lesser
curvature only the mucous membrane was dinided The antral segment
was then sutured to a window created mn the duodenal wall Preservation
of the posterior seromuscular connection between antrum and body of the
stomach as well as the lesser cunature structures mamtamed 1n ade
quate blood supply to the antral transplant After recovery from this pro
cedure quantitative collections of gastric secretion were again made over
long periods of time Careful attention was grven to the mamtenance of
electrolvte balance

After a period of erght to twelve weeks we performed the last of the
staged operative p d The laver and the
structures of the Jesser curvature were completely transected leaving the
antral transplant completely devord of 1ts onginal blood and nerve supply
The anastomotic line previously created between antrum and duodenum
allowed enough blood supply to mamtain s1ability of the transplant

The results (5) of the experiment are presented Figure 4 During
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the dogs after surgery contmuous datly collections were mide of the
gastne Jwce secreted by the 1solted pouches usig 4 detiwchable rubber
bldder secured to the cannuli by a threaded mpple The ammls were
mantuned on 1 errefully werghed standard diet remforced with electro
Iytes 1n quantibes adequate to replace those lost from the pouch After
Tong periods of observation hid revenled 1 constant level of secrction the
ammls were reoperited upon and resection of the antrum performed
Following recovery from the second operitne procedure collections of
pouch sceretion wert resumed on the s1me dietary program

Fic 3 —The effect of intrum rescction i Pavlov pouch dog, {duly 24 Lour seerctin}

The results were both constint ind drimatie Findings in the first four
ammals were reported i 1946 (46) These disclosed that the werage
twenty four hour production of hydrochlore ard output was reduced
64-95 per cent the werage reduction w 1s 84 per cent A more extensive
report ws later mde of the results obtuned n eleven dogs with Puvloy
or Herdenhain pouches i which antrum resection had been performed
(47) Ttwas frﬁquentlv noted thit the major diminution 1n secretton was
a fall m volume (Fig 3) Antrum resection 1 1 dog with 2 Pavloy pouch
was followed by 1 strlang, reducuon m the hydrochlorie wed output
However the fall in the concentration of free 101d v 1s less than might be
expected from the extenstve reduction 1 the volume of the g1stric juice
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These data strongly suggest that after complete iterruption of the
extrmnsic nerve supply to the antrum followed by the complete separ1
tion of vasculir wd neuromusculir connections to the remamder of the
stomach the antrum when exposed to the contents of the duodenum
powerfully shmulates the body of the stomach to secrete acid gastrie pnce
These f1cts fulfil the requirements defining 1 hormonal mechamsm con
firm Edkins onginal hypothesis and demonstrate that the antrum of the
stomach functions as an endocrine organ

The next transplantation experniment was designed to test the specificity
of the antrum 1n the gastnc phase of gastric secretion The test prepara

TABLT 1

FFEFCT OF TRANSPLANTATION OF ANTRUM INTO DLODEANUM I\ ToT41 PoucH Docs
(24 Hour Secretions)

Sec T 1 PrELIV Se TE APT RA T uW
C aLP 1o Ta Tn
A)
Doc N | SN
T F HCl T nce
A L‘,‘")‘ I Otpue | ¥ L’,";’ Ad Output
wu) (mFq) «€v) {mEq)
D52 Severel 0 k) 2 62 | 123 7
D136 Severed | 130 1 5 836 | 14 51
181 | Severed | 173 2 7 30 | 136 119
D182 Severed | 126 72 9 515 | 130 7>
DI | Yntact 300 108 32 1056 135 153
D178 Intact 514 120 62 1575 1H 227
D183 I Intact 565 12 63 1561 | 139 21
D18y | Mnoact 29 % » |1 1 158

tion was a totally isolated stomach pouch with the vagi cut Instead of
transplinting the wntrum nto the duodenum 1 comparable amount of
the body of the stomach was transplanted An elliptical arca on the greater
cuny 1ture was selected since the short gastnie vessels from the spleme
pedicle would msure an adequate blood supply After the prelumnary
control penod  this transplant was performed creating a window of com

parible s1ze in the duodenal wall to complete the dinerticulum The re

sults are shown i Figure 5 The low level of gqstnc secretion obtuned
dunng the control period persisted pletely d th 1 the
peniod of transplwnt The experiment w 1s repeated m two other ammals

n none of the three was there a sigmficint change mn gastric secretion
following the transplant It was concluded thit the ]mrmone mediating
the gasiric phase of gastne secretion 18 elaborated only by 1he antrum
nd 1s specific for this structure

The next series of transplantation expenments was dcslgned to scer




52 Ldward R Wooduard

the 1mtinl control perod the levels of acid seerction obtuned were very
low This ws cxpeeted since the vagt were cut and the antrum remosed
from contict with ingestcd food substances At tus pomnt of the study
therefore only the mtestinil phase of gastric secrction wis operative
With creation of ¢ stom1 between wtrum and duodenum as noted in the
sceond drwing of Figure -4 the duodenal contents guned access to the
antrum and its mucos1 The duly gastnc sceretion inercased from Jess
thwn 5 mEq to ne uly 100 mEq 1 responsc to feeding

At the next stage with complete denervation of the wtrum high levels
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Ftc 4 —The cflict of wtrum teansphint stion ind denersatim on g astrc seerction

of g 1strc scerction were muntamed lthonsh on the ayerige somewht
less than duning the first phise of the transplintition It w 1s thought tht
this might reflect the rither dristic reduction 1 walible bleod suppl
to the antrum The experiment was repeated m two other dogs wd
whercis the pronounced wgmentition of secretion at the second stige
occurred 1n both the decrese fter denen ition w s not present The
stiged transplintition of the ntrum mto the duodenum w s performed
m a total of aght do.s four with the vag cut and four with the vagr
preserved The rcsults e presented i Table 1 The enormous levels of
seerction obtuned m the mmmals wath funetiomil vagal innery wtion to the
stomach are noted aftar ntrum transphint two ammals weriged over
1500 cc per day of hiphly 1eid gastrie juice



Pl ysiology of the Gast 1c Phase 55

The findings were interpreted s demonstrating the necessity for con
tact hetween gastrointestinal contents and antral mucosa for the for
mation of gastrin 1t lewst under the conditions of this experiment The
very striking hypersecretion of gastric yuee by the Heidenhun pouch
which followed transplantation of the antrum mto the trnsverse colon
15 1 much more complex phenomenon relited to the pH of the environ
ment 11 which the antrum 1s located This matked hypersecretion has
been utihzed s wnother method for producmyg expenimental peptic ulcer
(see chap 4)
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Fie 6 —Ilypersecretin from Pavlov pouch after antrum tran plintiti nanto olon

THE THEORY OF ACID INHIBITION
OF ANTRUN FUNCTION

Sokolov working in Paslov s laboratory discovered that the mtroduction
of 05 per cent HCI mto the stomach or of gastric juice mto the duode
wum markedly dimimshed the secretion from 1 Pnlov pouch (37) In
subsequent studies of this phenomenon ttention his been focused on
the inhib of gastric by the p of 1ad n the duode
num Prmcus Thomas ind Rehfuss (29) showed that mntroduction of HCI
wto the duodenum did not depress gastrie secretion unless the duodenl
pH fell to approuimately 25 However Wilhelmy ¢f al (43} demonstrated
clewly that rcrd can hibit the gastric phase of secretion

In the Herdenhun or Pvloy pouch dog trnsplntation of the wntrum
wto the colon obviously removes the antrum from 1ts normal provimity to
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tun the function of the antrum when 1t was moved 1nto v irtous locations
Three dogs were prepired with Pavlov pouches After the imtial control
pertod on 2 crrefully regulited dietary and electrolyte mtike the antrum
wis removed from gastromtestinil continuty the proermal end was
closed and the pylorte end brought through a stab wound 4s 4 cutneous
fistuln After repetition of the secretory study the antrum was relocated
from 1ts position 1n the abdominil wll to the trinsverse colon where 1t
wis sutured as 1 diverticulum The vascular pedicles on both the lesser
wnd the greater curvatures were found to be ewly presencd, so thit
vty of the trinsplant was not a problem Agun the quantitatrve col
lections of gastric juice were made from the cannuly m the Puvlov pouch

PORTION OF FUNDUS TRANSPLANTLD
INTO DUODENUM
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Fic 5 —The negative effect of transplinting the body of the stom ch mto the duedenum

The secrctory results of this proccdure we presented griphicilly m
Figure 6 During the control period this wmmal secreted an merage of 51
mEq of HCI per twenty four hour pertod When the wntrum ws extertor
zed this werage tl to 18 mEq per day ! When the intrum was mtro
duced 1nto the colon 1s a dnerticulum a tremendous angmentation of
pouch secretion occurred this werged 115 mEq per dn, or over twice
the secretion obtamed with the antrum m ats normal loc ttion Comprable
results werc obtamned n the other two anumals

1 [t 1s to be noted thit vam on the lesser cun ature were cot at the time of this trans
n further work (11 26) has shown the mmportance of vl mnery thon to

lantatios
14 lease from the extenonzed antrum

gastrin rel
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The findings were mterpretcd as demonstriting the neecasity for con
tact hetween gastrowntestnal contents aud wntral mucosa for the for
mation of gastrin, 1t least under the conditions of this expennment The
very stulang hypersecretion of gastric juice by the Hadenhun pouch
which followed trinsplantition of the ntrum mto the trnsverse colon
1s 1 much more complex phenomenon related to the pH of the environ
ment 1n which the antrum 1s located This marked hypersecretion his
been uhlized s wother method for producing expenmental peptic ulcer
(see chap 4)
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Fic 6 —Hypersecsetion from Puloy poucd fter wntrum trnsplint ton mto cobn

THE THLORY OF ACID INHIBITION
OF ANTRUM FUNCTION

Sokolov working i Pavloy s laboratory discovered that the mtroduction
of 05 per cent YICl mto the stomach or of gastnc juice mnto the duode
num markedly diminished the secretion from 1 Pavlov pouch (37} In
subsequent studies of this phenomenon attention his been focused on
the inbibitton of gastric secretion by the presence of aaid 1n the duode
num Pmeus Thomas and Rehfuss (29) showed that mtroduction of HCJ
mta the duodenum did not depress gastiic secretion unless the duodenal
pH fell to approximately 2 5 However Withelmy et al (40) demonstrated
clerly thit aaid can inhibit the gastric phase of secretion

In the Heidenham or Pavloy pouch dog transplintation of the ntrum
1nto the colon obviously remoycs the wtrum from its normat proumity to
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the ncid secrcting part of the stomach To test the hypothesis that acsd
has wn important regulatory role n the hormonal function of the antrum
1 senies of expenments was designed which altered the nadity of its en
vironment

THE ACID CUFF ANTRAL TRANSPLANT

Of all fundic pouch prepiritions the Herdenham pouch 1s probably the
most useful 15 1 bio ass1y method for measurmg gistrin production by
the antrum Since the pouch has no vagal mnervation this vanable 15
chiminated and perhaps related to this factor the bisal secretory activity
of the pouch 15 very nearly ml Mantenance of a state of adequate nutrt
tion plus flmd and electrolyte balance m an anmmal with 1 partral stomach
pouch 15 relitively easy Therefore m this cxpenment four dogs were
prepired with Herdenhun pouches The antrum was then transplanted m
each cise mto the transverse colon along with 2 generous “cuff of the
mmediately proximal 1e1d secreting portion of the stomach The cuff was
left 1t the apex of the diverticulum nd the pyloric end of the transplant
w1s nastomosed to the colon After recovery and an observation peniod
quantitative collections of pouch secretion were made Another ltparot
omy was then performed and the 1crd secretmg cuff wos excised from
the apex of the antral transplint Agam the wumal was plced on the
standwrd dietwrs program and quantittive collections of gastric juice
were repeated

In Il four dogs there ws a distmet incre1se 1 pouch secretion follow
ing exaision of the antrl cuff although m one mmmal this was not strking
(27) The data from onc such study along with a dragram of the expen
ment 1re presented 1n Fiqure 7 These datt support the hypothesis that
the presence of acid secreling tissue, 1 some way snhibits the hor
monal mechamsm of the antrum

VAGOTOMY OF TIE \fAIN STOMACH IN HEIDENHAIN POUCH DOGS

Smce vigotomy 1bohshes the nervous phase of gastric secretion the 1€
sultant decreasc m gastric wadity might produce m alteration in the gas
tric phase of gastric secretion Experiments from two hboratones (9 14)
have shown that transthoricic vagotomy mcereases the secreton of gastrc
Jurce from a Hedenhun pouch

The paradox that gistric secretion m the mun stomach 1s decreased
by vagotomy but secretion of actd gstric juice by the Herdenhun pouch
15 mere wed 15 1 striking e ximple of the mteriction of phystologieal meeh
wusms  Abohshing the cephilic phise exerts @ pronounced stimulitory
effect v1a the gastae phasc s estiblished by ibsence of this phenomenon
following resection of the intrum ‘agotomy not only decreses acid se
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cretion 1n the mun stomach but 1t also his 1 potent effect on gastne
matilty with marked deliy . gastre emptying The resultint retention
Leeps food subst inces in prolonged contact with the antrum  the disten
tion of the stomach may also act as = mechanmcal stimulant for gastnn
production That the motlity factor mas be even morc important than the
reduction 1 acidity 1s apparent from evperiments where gastroenteros
tomy prevented the strmuliory effect of vagotomy i the Heidenhun
pouch preparation

D29 Daly fre HCL Outp ¥ feom Hed b Effect of Remov |oFAcd S2  tnp M cota
Pouch with Astrum and Rm ) A f mAstumT  plant )}
memwM co. ool
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Fic 7 —Influence of an acid secreting cuff on an antrum transplant i the coln

GASTROENTEROSTONY IN THE HEIDENHAIN POUCH DOG

The construction of 4 gastrojejunal anastomosis llows reflux of lkaline
duodenal juices nto the stomnch this might be expected to alter the pH
of the antrum toward neutrality Expertments have disclosed that gastro
enterostomy 1s frequently followed by an merease i Herdenhain pouch
secretion which dicates increased gastrin production (48 54) If the
anastomosts 1s small ind pliced near the pylorus no stimulatory effect 1s
noted 1n most cases Similar findings have been reported by Harhins and
co workers who hwe also found that pyloroplasty does not alter the
gastrin mechamsm (15 19 25) This latter finding 15 an important factor
m the preferential use of pyloroplisty mstead of gastroenterostomy 1n
conjunction with yagotomy in the treatment of duodenal ulcer disease
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the ac1d secreting part of the stomach To test the hypothests that acid
his an mmportant regulatory role n the hormonal function of the antrum
2 series of experiments w1s designed which altered the acidity of ats en
vironment

THE ACID CUFF ANTRAL TRANSPLANT

Of all fundic pouch preparitions the Herdenhan pouch 1s probably the
most useful 15 4 bio 1ssay method for metsuring gastnn production by
the antrum Since the pouch has no vagal mnenvation this vanable 1s
elimmated and perhaps related to this factor the basal secretory activity
of the pouch 1s verv nerly ml Muntentnce of a state of adequate nutn
tion plus fld and electrolyte balnce mn an ammal with 1 partial stomach
pouch 1s relitinely casy Therefore m thus expeniment four dogs were
prepared with Herdenhun pouches The antrum was then transplanted m
each case mto the transverse colon 1long with 1 generous “cuff” of the
ymmediately proximal aeid secreting portion of the stomach The cuff was
left 2t the apex of the diverticulum and the pylonc end of the transplant
w1s anastomosed to the colon After recovery and an observation penod
quantititive collections of pouch sccretion were made Another laparot
omy was then performed and the acid secreting cuff was excised from
the apex of the antr1l transplint Agun the ammal was placed on the
stindard dietiry program and quantitative collections of gastrc yuice
were repeated

In All four dogs there was 1 distinet increase 1n pouch secretion follow
g excision of the antral cuff although 1n one animal this was not strking
(27) The dat1 from one such study along with 1 diagram of the expen
ment are presented in Figure 7 These dat support the hypothess that
the presence of acid secreting tissue, m some w1y nhiluts the hor
mond mechanism of the antrum

VAGOTOMY OF TIIE \MAIN STOMACH IN HEIDENHAIN POUCII DOGS
Since v1igotomy abolishes the nervous phase of gistuc secretion the re
sultant decrese 1 gistric acidity might produce an alteration m the gis
tric phase of gastric secretion Experiments from two Inboratonies (9 14)
have shown that transthoracic vagotomy increases the secrction of gistric
Jurce from a Heidenhun pouch

The paradox that gistric secretion an the main stomach 1s decreased
by vagotomy but scerction of rerd g wtre juice by the Heidenhun pouch
15 incresed 1s 1 striking example of the interaction of phystological mech
anisms Abolishing the cephilic phise everts 2 pronounced stimulatory
effect via the gastric phisc 1 established by ibsence of this phenomenon
follow ing resection of the antrum Vagotom)y not only decreises 1crd sc
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cretion 1n the mun stomich but 1t also hs 1 potent effect on gastne
motity with mked dely m gistric emptymg The resultant retention
heeps food substnces n prolonged contict with the antrum  the disten
tion of the stomach may also act 1s 1 mechimeal stmulint for gastrm
production That the motility factor m1y be even more important than the
reduction 1n 1eidity 15 appurent from experiments where gastroenteros
tomy prevented the stimulitory cffect of vigotomy m the Herdenhamn
pouch preparation
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Fic 7 —Influence of an ac1d secreting cuff on an antrum transplant m the colon

GAST TEROSTOMY IN THE HE] AIN POUCH bOG

The construction of a gastrojejunal anistomosis allows reflux of alkline
duodenal juices into the stomach this might be cxpected to alter the pH
of the antrum townrd neutrahty Experiments have disclosed that gastro
1s frequently foll d by an increase m Heidenhan pouch
secretion which indicates mereased gastrin production (48 54) If the
anastomosis 15 small and placed near the pylorus no sumulatory eftect 1s
noted m most ¢ases Simlir findings have been reported by Harkimns and
co workers who have also found that pyloroplasty does not alter the
gasttin mechamsm (15 19 25) This latter finding 1s an 1mportant factor
mn the preferentinl use of pyloroplasty nstead of gastroenterostomy m
conjunction with vagatoms 1n the treatment of duodenal uleer disease
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Although definite clnical lessons and potential hazards arc apparent
from the data presented one ¢ only surmsse that the effects noted were
due to the presence of alkalme matenial n the region of the antrum For
these reasons expermments were designed toward more accurate control
of antral pH

USE OF THE ISOLATED GASTRIC ANTRUM
TO STUDY ACID INHIBITION

Ivy and Whitlow (17) and Priestley and Mann (81) used dogs prepared
with 1solated pouches of the gastric antrum 1 an attempt to confirm
Edlins gastrin hypothesis Despite their negative results 1t w s felt that
direct control of the ntral environment ws the essential next step
establishing the sigmficince of pH m the gastnn mechamism Many of the
substances tested by these workers were acid 1n reaction and ths factor
may hue accounted m part for the negative results They also severed
the vagal inervation we felt that presersation of the vagr might render
the antrum more susceptible to stimult

A surgrcal technic was devised for isolating the gastric antrum using the
method of Pavlov m constructing 1 double layered mucosal barner (Fig
8) In this way the vessels and nerves of the lesser curvature were pre
served ntact A short maision was made on the greater curvature of the
stomach at the junction of the antrum and body A marker was placed on
the lesser curvature to indicate the Iimut of the antrum The mucos1 was
then undermined cross the anterior and postertor walls of the stomach
this undermiming w 1s connected across the lesser curvature The under
mmed mucous membrane was divided using n infolding suture the
mucous membrane of the antrum was closed distally and the mucous
membrine of the body was closed proumally thus creating the double
layered barrier The pylorus was divided and the proumnl end brought
to the skm 1s 1 cutaneous fistula providing access to the 1solated antrum
Gastrointestinal continuty was restored usually by means of 1 Shoemaker
Billroth I end to end gastroduodenostomy Part or all of the body of the
stomtch was used as n indrettor of gastrmn release through the use of 1
gastric fistula 1solation of the entire stomach or construction of 2 Heiden
hun pouch Subsequent experience has estabhshed the hst as the most
satisfactory indicator mechamsm

Two mustikes were mide 1n the technmic as ongnally used First 2
cannula was pliced m the antrum so that through and through perfuston
could be performed \Many of these dogs had an extremely high rate of
basal gastric secretion and subsequent studies by Rigler and Dragstedt
(32) dusclosed that this disappeared with removal of the antral cannuhy
In the hght of present knowledge 1t 1s realized that the cannuli acted as
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2 mechnieal stimulus for gasten relcase Sccond many dogs with an 1so
Iated innenvated antrum have 1 high level of basal secretion even 1n the
absence of a cannula as demonstrited particularly by Forrest (11) and
Oberhelman et al (26) This cw be overcome by including some acid
secreting mucous membrine 1n the 1solted antrum a0 mnovation which
has the added ads mtage of making the antral pouch larger so that ex
penments with perfusion or distention 1re techmcally easter

CHEMICAL STIMULATION OF TIIE ISOLATED ANTRUM

Our method for studving chermeal smulation of the gastnn mechamsm 1s
as follows The dog 15 fisted overmght and pliced 1n the Pavlov stand

CUTANEQUS FISTULA

3 WAY CATRETER

Fic 8 ~Isolated gastnc antrum with presenation of blood and nerve supply Heiden
Vam pouch as indicator of gastrin release
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Collcetions 1re mide from the Heidenhun pouch until it 1s apparent that
the basal seerctory rate 1s low and no free acid 1s present A small (No 10
Trench) rubber catheter 1s introduced mto the antrum through the pylonie
fistuln and 1s hedd 1 place by 1 cord looped over the wmmals back Pa

fustons are made At 1 constint temperature (21°-23° C ) and constwnt
pressure (40 m between flash and antral pouch) A stindard volume
usually 250 ce of the solution to be tested 15 perfused through the antrum
over 1standard length of time usually one hour In each crse the test per

fuston 15 controlled with 2 stmilar quantity of physiologieal salt solution

TABLE 2

FFFECT O\ GASTRIC SECRETION OF LIVER
E\TRACT I\ ISOLATED ANTRUM

Cour c1t 0¥ SECRETION
ou G 5T 1c Poren
Tiw st cE StART

or PE 51OV
(Ht SEw ) AN
g .Wm‘\((c l) "Cl/
P ods {mEq/1)

tntral poch perfused wath

n rmal saline

) 0s 0

1 05 o
Antral pouch perfused with

Htver extract

1 13 0

30 2

tntral posch perfused with

normal saline

23 18 0

3 16 63

3 10 47

4 04 23

4t 02 3

5 02 o

perfused through the wntrum in the same period of time In the meantime
quantitatne thirty minute collections are made from the indicator He
denhaun pouch these are continued for one hour after completion of the
perfusion The substances used s standard chemical stimuh are § per cent
ethy1 alcohol 1nd crude lner extract The Iner extract 1s prepared by mix
g one put of powndered dehvdrited hver with ten parts of distilled
water The solution 1s centnifuged and the clear supernitant 1s used 1s
antral perfusion

The 1solited mnervated ntral pouch 1s lughly susceptible to chomiet
stimuh (49) Crude hver extrict causes a relatively prompt scerction of
acid gastric juice from the indicator pouch usually with a Iatent period of
less than thirty mmutes (Table 2) The pH of crude liver extract 1s 6-6 2
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When the pH of the Iiner extrret 1s reduced to 12 perfusion of the 10
Ited antrum undcr 1dentictl conditions results i no seerction of ¢astrie
juice by the mdicator pouch (Table 3) Althouh 1 response to hver ex
tract becomes Jess reliible as the pH 15 gradually lowered it 1s unusuil to
find strilang inhibition unless the pH 1s dropped to At least 15

Alcohol hins been found to be 1 potent shmulant for gastrin release even
when very dilute (51 52) Beciuse of cise n preparation and handling

TABIT 3

TEEECT ON CASTRIC SECRETION 0F THE PH
OF ANTRUM I LRYUSATE

C LLECTI 5 PoFCA TI ¥
MG stk L
Twest c£ST rorPer us —
(ovws Erar
Volm (@ )f F
oM ot HC
P oot (&)
Isolated_antrum sereated
utth0 oCl
H 15 0
1 10 0
Isalated anirum tresgated
ullhhzrer homgenale af
z5 14
15 18
Isolated antrum_srrigated
w1th0 97 \aCl solutron
15 o
15 lated antrum srrigated|
wath ey solution at pH
iz
3 05 0
3 0> 0
1 10 0
4, 10 0
5 10 0
Ss 15 0
6 [ 0

this 15 the chermeal stimulint most often used When the pH of alcohal 1s
reduced to 12-15 the same 1bsence of stmulation 15 noted as occurs with
acid hiver extract (Table 4)

In morc recent studies antral perfusion has been performed with Iner
extract and 1lcohol after 1ltenng the pH 1n the alkiline direction (50) No
enhancement of the secretory response occurred Motihity tracings of the
antrum made m the course of chemical simulation reverled no change
10 contractions wath esther liver extract or alcohol as stimulants

From these data 1t 1s apparent that the 1solated 1nnervated antrum 1s
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Collections are mde from the Herdenhaun pouch until 1t 1s apparent tht
the basal secrctory rate 1s low and no free acid 1s present A small (No 10
Trench) rubbcr eatheter 1s introduced mnto the antrum through the pylone
fistuln nd 15 held n place by 1 cord loopcd over the 1mmal's back Per
fustons are made 1t 1 constant temperature (21°-23° C) and constint
pressure (40 m between flaisk and antral pouch) A standard volume
usully 250 ec of the solution to be tested 15 perfused through the antrum
over 1 standrd length of ime usunlly one hour In each case the test per
fusion 1s controlled with 1 similar quantity of physiologic ! st solution

TABIF 2

IHEECT O\ GASTRIC SECRETION OF LIVER
LATRACT IN ISOLATED ANTRLM

Cotrectt sorSeck 1 ¥
rrou Gastaic Potcx
Tt SN EST BT

o PE st w

(Mo xS ELa £0) Vol me(Ced|  poy
0N te (mEy/1)
re ot e

Antral pouch perfused wath
normal saline

3 05 0

1 i o0s 0
tntral pouch perfused tth

lirer extract

14 13 o

30 2

tntral pouch perfused with

normal saline

25 18 60

3 16 63

3, 10 47

4 04 23

4 (U84 3

5 ( 02 0

I

perfused thiough the intrum in the sme period of ime In the me mtime
quantitative thirty minute collections are made from the indicator Her
denhan pouch these are continued for one hour after completion of the
perfusion The substances used 1s stndard chemicl stimuli are 5 por cent
ethy] \lcohol and crude Inver extract The Iner extrict 1s prepared by miv
ing one put of powdered dchvdrited Iver with ten parts of distilled
water The solution 1s centnfuged and the clexw supematant 1s used 1s 2n
antral perfusion

The 1solated nnerv ited antral pouch 1s Inghly susceptible to chemieal
sumuli (49) Crude liver estrict causes a reltively prompt scerction of
acid grstrie juice from the incicator pouch usually with a Iitent period of
less than thirty minutes (Table 2) The pH of crude Iver extract 1s 6-6 2
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Overdistention promptly produces retehing negitmg the (xperiment ind
ndicsting the need for 1 smaller volume 10 subsequent stuches of the same
mimal Duning the peniod of distention the ntrum 15 gently wd con

muoushy perfused with normal salt solution The perfusate 1s changed to
dter the pH of the antrum while the mechanicl shmulus of the balloon is
mamtuned 1t 1 constant pressure Thirty minute collections of gastric
ecretion are mede from the Herdenhun pouch

TABIT 5

THHECT OF \CID PERFUSION OF ANTRAL POLCH DLRINC
CONSTANT MFCHANICAL STIMULATION

Cuteen so Stoner
oG s P oon
Tie 1St v rP s
(1 s Evarsen) Vimo©)
n30M ut | HClL(mFq)
Prod
Loley bag anflated and antrum per
Sfused 20th 00 o NaCl
3 40 000
i 10 5 033
13 180 234
2 130 164
2 ne 132
Perfi sate changed fo ¥ /10 HCY
i 125 114
3 s 039
70 027
4 10 012
30 000
Ferf sute chan ed to 097 VaCl
85 3 002
6 65 0 39
01 150 180

Mechanic1l stimulation of the 1solated antrum by nflation of the balloon
causes a prompt secretton of lighly acid gastric Juice from the ndreator
Heidenhain pouch usually within thirty mimutes If the antrum 1s per
fused with N/10 HC) this secretory response 1s regularly bloched {Table
5) Sensmmy of the antrum to the concentration of HCl 1s presented in
Table 6 Hydrochloric 1exd at a strength of N/20 (pH 13) easily blocks
the mechanical stimulus wherets N/50 HCI with 1 pH of 17 15 meffec
tual Nitne and sulfuric aexds 1n stmilar concentrations re equally s
effective as HCI indicating as would be expected that the important fac
tor 15 the hy drogen 1on concentration

Perfusion of the antrum with wn alkaline fld—isotonc (13 per cent)
sodwum bicarbonate—has been found to enhance the mechamcal stimulus
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Inghly susceptible to chemical stimuli but thet such stimulation ¢ be
complctely bloched by reducing the pH of the perfuste to the lesd of
12-15

MECIHANICAL STINULATION O THE ISOLATED ANTRUM

That mcchmreal factors might be important 1n the gastrin mechanism was
suggested by the studres of Grossman ef al (13) and by the observation
that 4 pre casting gastroentcrostomy obviated the stimulatory effect of
vagotomy 1n Hadenhun pouch dogs The 1solated vagally mnervated
1stric ntrum his been found to be extremely sensitive to mechameal
stimuli—so much so that even gentle perfusion with normal saline will
often cause some scercton response The method used as 1 standard stim
ulus 15 the inflation of 2 balloon within the 1solated antrum A Foley cathe
ter 15 nserted into the antrum through the pylonc fistulx and the balloon
1s nflated wath water The amount needed will vary from one expenmen
tal preparation to wother uswally 15-25 cc suffices for strong stimulon

TABLF 1

TIFECT ON GASTRIC SECRETION O ALCONOL
IN THE ISOLATED ANTRUM

C e § »f SECRET N
WGA sCP o
T s ESmrr P o
ar - Eer oo Vlme(C )
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n1OM  te o
£ od (mEy
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1 0
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Overdistention prompthy produces retching neg wing the experiment and
mdicating the need for 2 smiller volume 1n subsequent studies of the stme
ammal During the penod of distention the antrum 1s gently and con

timuousls perfused with norml salt solution The perfusate 15 changed to
alter the pH of the ntrum while the mechntea] stimulus of the balloon 1s
mamtaned at 1 constant pressurc Thirty mmute collections of gastric
secretion are made from the Herdenhun pouch

TABLE 5

FFEFCT OF ACID PERFUSION OF A\NTRAL POUCH DURING
CONSTANT MECHANICAL STIMULATION

Cott c1 o S ~
#k M Gasteic Po on
T s ¢ STar rPe st
¢ Erars ) Vim (Ce)
0Nt HCI (mEq)
P od
Lolev bay wnflated and antrum per
fused 1.14h 090 VaCl
F 10 000
i 105 033
1 18 0 234
2 130 164
2 10 132
Perfusate changed to N/10 HCL
3 125 114
3y 45 039
4 70 027
4z 40 012
5 30 000
Perfusite changed to 0 9% \aCl
5t 3 002
6 65 0.9
6 150 180

Mechameal stimulation of the 1solated antrum by mflation of the balloon
causes a prompt secretion of highly acid gstric juice from the indicator
Heidenhain pouch usually withm thirty minutes If the antrum is per
fused with N/10 HCI this secretory response 1s regularly bloched (Table
5) Sensitivity of the antrum to the ation of HCl1s p d
Table 6 Hydrochlore acid at a strength of N/20 (pH 183} easily blocks
the mechamcal stimulus whereas N/50 HCl wath a pH of 17 15 meffec
tual Nitrie and sulfuric 1cids m stmilar concentrations are equally as
effective as HCL indicating as would be expected that the important fac
tor1s the hy drogen 10n concentration

Perfusion of the antrum with an alkaline fld—1sotome (18 per cent)
sodim bicarbonate—has been found to enh the mect 1 1
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highly susceptible to chemeeal stimuli but that such stmulttion cn be
completely blocked by reducing the pH of the perfusite to the lovel of
12-15

MECHANICAL STINULATION O THE ISOLATED ANTRUM

That mechwmenl factors might be important in the grstrin mechamism was
suggested by the studies of Grossman et al (13) and by the observation
that 1 pre custing gastroenterostomy obviated the stimulatory effect of
vigotomy i Hewdenhun pouch dogs The isolated vagally mnervated
gastric antrum has been found to be extremely sensitnve to mechameal
sumuli—so much so that even gentle perfusion with normal siline will
often cwse some scerctory response The method used s 2 standard sim
ulus 15 the mflatien of 2 balloon within the 1solated antrum A Foley cathe
ter 1s inserted mto the antrum through the pylone Bstuln and the balloon
1s inflated with water The amount needed will vary from one expenimen
tal prep w ition to wnother usully 15-25 ce suffices for strong stumulition

TABLE 4

F11 ECT O\ CASTRIC SECRETION OF ALCOHOL
IN THE ISOLATED \NTRUM
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perforce by an merease in antril motilits These factors seem to indicate
that the two mechamisms for mtinting the gastnn response mas be sepa
rate and distinct

THE EFFECT OF LOCAL ANCSTHETICS
O\ THE GASTRIN MECHANISM
The diffuse histologicnl structure of the antril mucos 1 affords us no clne
as to the evtologic ongin of gastnin In contrast to other glandular strue
TABIE 7
LFFECT 0p ALRALTIN ANTRAL TOLCU DURING
MECHANICAT STIMULATION

Cottzctin or Secx o
m uCism Poem
TirstceStarorPr v v
(H tas Eta ED} Vim (€ )
30N te MCH (mEq)
Pee of
Untrum perfi sed ail saline
N b 25 013
1 23 02
1 20 019
2 25 023
0 8
Perfusion chansed to 13
AalICO (pll 83}
2 25
3 35 03
3 55 059
1 1 019
i 166

tures with both endocrine and exocnne secretions there are no separate
cellular compleves 1 the antrum which might be exclusively responsible
for gastnn manufacture Although the extrinsic nerves to the wntrum are
not essential for gastrin production the mtnnsic newral plevuses seem to
be more important Savitch (33) who nadentally was able to obtun
"cid secretion from the fundus of the stomach by applving food to the
antrum found that this effect was abolished by prior cocamization of the
antral mucosa Utilizing the 1solted antral pouch preparation 2-5 per
cent cocatne plus other topical wnesthetic agents were apphed to the
antral mucost by direct mstillation Chermcal and mechanical stimuh were
then apphed using the techmes outimed above In addition gastric secre

tion was shmulated by means of subcutaneous histamine or msulin 1n

duced hypoglycerma
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m most expenments An meffective mechimenl stunulus can be made
clfcetive by switching the perfusate from normal salt solution to sodium
btcarbonate  An adequate mechimical stimulus 15 potentited by switch
g to wn alkahine perfusate (Table 7)

Unlike chemical stimulation of the antrum mech el stimulation 1
sults 1n 1 constant merense in antral motiltty This was hirgely n increse
1 the amplitude of contractions although some mcrese n frequency was

TABLE 6

FHECT OF DILUTING ACID PERFUSATF VW HILE
AAINTAINING MECHANICAL STIMULATION

Cort T or SeckETiov
rro G sTaic P ten
TiME sINe2 ST T P
Pern ox
(11 urs Exar 20} Vim0
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P ood A
Antral  pouch  perfused
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1 erfusate changed to
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80 0
I erfusate changed fo ner
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4 210 36
T ertusate ¢! inged to
N 50 HCH (I 17)
4 235 ‘ [
2 34
st 18 26
[ 19 2 32
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1lso noted Thus persisted for exactly the penod of secretory response Tiny
dosts of anticholincrgic drugs blocked the motility nerease and ls0
blocked gastrmn release

These studics are interpreted as demonstrating strong stimulation of the
gastrin mech imism by mechamical stimuh Mechanieal strimuhition ean be
readily and completely blocked by the sumultineous perfuston of the
trum with 0 acid solution The entical pH 1s between 13 and 17 Unlihe
chemical stimulttion a mechanical saimulus 1s enhanced by lkihine per
fusion of the antrum and also mechanical stimulation 15 wcompanied
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environment by other means thus stressing the speafic mfluence of an
trum on gastrn release For evimple one study (49) showed that the
feed ng of an ammal with 2 dencrvated gastrie pouch and 1 totally 1s0
lated antrum ~ctivated the intestinal phase of secretion and this phase
was not inhibited when the antrum was perfused with N/10 HCl Another
msestigition used the continuous ustamne technic to stimulate gstrie
secretion after 1 platcau of secretion was reached the mtrum was per
fused with N/10 HCI secrction was not mhibited sigmficantly or if a de
crease did oceur 1t usuilly followed 1 prolonged Jatent period In another
case an expenmental dog with an 1salited antrum and A gastnc fistul se
creted from the ma n stomach 1n response to insulin nduced hypogls
cemi1 Perfusion of the trum with acid had no suppressive effect on the
gastric sccretory response From these studies it was concluded that the
effect of acid in the antrum was specific 1 its mhibitory properties for gas
tric secretion resulting from the antral hormone gastrin Smce other mbuby
tory substances such 1s enterogastrone will inhibit gastric seeretion from
whatever Ins this was dered as evidence agamst
an antisecretory hormone and m fw or of some loeal chemieal interference
with gastrin formation or release

On the other hand Harnson et al (16) reported studies providing m
direct evidence that an antisecretory hormone mny mdeed be produced by
the antrum In seven dogs prepared with mdicntor Herdenhun pouches
the distal half of the antrum w1s transplanted into the trinsverse colon
after the method described by Dragstedt et al (5) Gastroduodenal con
tnity ws restored with 1 Shocmker Billroth T end to end anastomosis
After a period of control collections from the Heidenhain pouch the re
mammg antral segment was resected from between the body of the
stomach and the duodenum lewing the colon implant untouched In all
seven ammals collections of secretion from the Heidenhun pouch were
larger after this procedure mdicating that the ntral remnant mn normal
continmty exerted some suppressive influence on the portion of the wtrum
transplanted 1nto the colon

More recently Jordan and Sand (18) have prowided direct evidence
favoring an antisecretory hormone In dogs prepred with 1 Heidenhun
pouch the antrum was 1solated from and duided longitudinally
nto two completely scparated antral pouches Each wns fistulanzed to the
skin one receiving 1ts blood supply from the lesser curture structures
and the other from the epiploic vessels (Fig 9) One antral pouch was
perfused with 10 per cent alcohol until 4 bnsk secretory response was
secured from the Hadenhain pouch Then the second antral pouch was
perfused with N/10 HCL After 2 rather long latent period sometimes as
long as two and one half hours the secretory response from nleohol stimu
fation was supp d 1n 15 of 20 exp (Fig 10)
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Cocune 1n strengths of 2-5 per cent was found to block completely
both chemical or mechimenl stimulation of the 1solated antrum (Table 8)
The response to 1lcohol perfusion and to balloon distention was also pre
vented Sttmulation by histamine or msulin hypoglycemin was not
Inbited

In more recent experiments (34) xylocune pontocatne and nupercune
have been found to produce the same effect although not so reliably or
drastically s 1n the case of cocune Since these topical anesthetics are
quite distinct from cocamne chemcally 1t seems unhkely that the effect
noted was due to anyvthing other than the anesthetic properties of these
drugs Certunly this phenomenon seems to indicate the importance of the
mtramur] nervous tissue of the antrum m the performance of its endo
crme function

DOES ACID IN THE ANTRUM PRODUCE

AN ANTISECRETORY HORMONE?

The mhibitory effect of 1c1d upon gastrin production has becn studied ex

tensively The experimental emphasis his often been on creating n rwd
TABLE 8

EFFECT OF L1V ER HOMOGENATE IN ANTRAL
POUCH FOLLOW ING COCAINIZATION

Cue  NorS e

U N FR 3 GASTRIC
roen

TivE SIN ES ART PPERE N
(Hn s Euass 2)

Yol m (C ) Fr
30-M te HCI
P ods ({2 i}

Isolated antrum srregated with 0 955 VaCl

3 10 0

1 10 0

1 20 0

2 30 0

2} 20 0

3 10 0

3, 10 0

1 20 0
Isolated antrum swrigated with 20 cxamne

and i en wth lscer homogenate

4 10 0
Isolated antrum srrigated wth 1z er lhom g

enate

5 10 0

54 15 0

6 30 0

6 20 0

7l 30 0

It} 20 0

8 10 [
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environment by other means thus stressmg the specific influence of sn
trum on gastnn release For evample one study (49) showed that the
feed ng, of an ammal with a denervated gastnc pouch and a totally 150
Tted antrum actisated the intestinal phase of secretion and this phase
was not inhibited when the antrum was perfused with N/10 HCI Another
mvestigation used the continuous histamme technic to stimulate gastric
secretion after a plateau of secretion was reached the antrum was per
fused with N/10 HCI tion was not mhibited sigmficantly or af 2 de
crease did occur 1t usually followed a prolonged latent peniod In another
case 1n expenimental dog with an 1solated antrum and a gastoc fistul se
creted from the man stomach mn response to msulin induced hypogh
cemia Perfusion of the antrum with acid had no suppressise effect on the
gastric secretory respons= From these studies 1t was concluded that the
effect of acid 1n the antrum was speaific in its mhibitory properties for gas
tnic secretion resulting from the antral hormone gastrin Since other mhiba
tony suk such 1s g will inhibit gastric secretion from
whatever us this was dered as g evidence agamst
an antisecretory hormone and in favor of some loc 1l chemical nterference
with gastnn formation or release
On the other hand Harnison et al (16) reported studies providing m
direct ¢ vidence that an antisecretory hormone may indeed be produced by
the antrum In seven dogs prepared with indieator Hexdenhan pouches
the distal hulf of the antrum was pl d mto the tr colon
after the method described by Dragstedt et al (5) Gastroduodenal con
tinuity was restored with 1 Shoemaker Billroth I end to end anastomosis
After a pertod of control collections from the Heidenhun pouch the re
maming antral segment was resected from between the body of the
stomach and the duodenum leaving the colon implant untouched In all
seven animals collections of secretion from the Hetdenhain pouch were
larger after this procedure mndicating that the ntral remnant 1 normal
continmty exerted some suppressiv e influence on the portion of the antrum
transplanted 1nto the colon
More recently Jordan and Sand (18) have provided direct evidence
favoring an antisecretory hormone In dogs prepared with 1 Herdenhain
pouch, the antrum was 1solated from continuity and dnvided longttudinally
mto two completely separated antral pouches Each was fistulanized to the
shin one receving its blood supply from the lesser curvature structures
nd the other from the epiploic vessels (Fig 9) One antral pouch was
perfused with 10 per cent alcohol until a brisk secretory response was
secured from the He denban pouch Then the second antral pouch was
perfused with N 10 HC1 After « rather long latent period sometimes as
long 25 two and one half hours the seerctory response from 7lcohol stimu
lation was supp d 1n 15 of 20 exp¢ (Fig 10)




Fic 9 —Double antril pouclics i dog with Hedenhun pouch (From Jordm and
Sand 18 )
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The expermment of Hamson nd Ius collerues has been difhcult to
repeat We have prepred four dogs using Harnson s technie with the ex
ception of trnsplanting the provimal half of the antrum mnto the colon
while mamtaming the distal half 1n gastroduodenal continuity In the four
dogs thus prepred resection of the antral remnant which remamed m
contmuity was followed by no change m secretion of gastric juice by the
Heidenhan pouch (41)

Greenlee et al (12) have reported striking mhibition of gastric secre
ton by the admmistration of mtravenous secretin Like the mhibition of

3% LVER SOLUTON [piT) €r TD EVENY S WUTES (N ANTR L POUC

SecReTa 73 Oty

War OUTPUT | mEa

18 MMUTE  COLLECTION PER 0DS

Fic 11 —Effect of secretin on the gistrm mechantsm in do - wath antril nd Heiden
Trun pouches

gastric secretion noted 1n the expeniments with acid perfusion of the 1so
Iited antrum mhubitton with secrctin scems to be completcly speartfic for
gastnc secretion of antral ongin Gastric secretion from the intestinal
phase histwmne stimulation or vagal stimulition s produced by msulin
hypogiveemia have all been uninfluenced by secretin admin traton A
typeal protocol 1s presented m Figure 11

IS SFCRETIN THE INHIBITORY IIORMONE OF THE ;\\TRU\[Q
Teleologically 1t would seem desirible to 1ssume that contict of acid with
the antrum would release secretin’ which m turn would ihibat further

function of the gastne phase of gastnc secretion and would at the same
tume stimulate pancreatic secretion i preparation for the mflux of gastnc
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content nto the duodenum Is 1t possible that such 1 mechanism evsts
nd that the antisecretory hormone hberited by contact of ad with
atral mucost 1s 1 effect sceretin® It has been known for 2 long period
that the mucosa of the antrum cont uns secretin for crude extracts of the
antrum will stimulate not only gastric secretion but also pancreatic secre
tion With more extensive punification the effect on the pancreas 1s lost
indicating that gastrm itself does not affect pnerettic secretion (23)

To test this hypothesis three dogs were prepared each with an 1solated
pouch of the gastric antrum At a second stage 2 pancreatic fistul was
created after the method of Dragstedt Montgomery and Elhs (4) Col
lections of pancrentic juice were made while the antrum was perfused
with various solutions {40)

In eight expenments the antrum was perfused for two and ene hilf to
four hours with N/10 HC1 There was no change m pincreatic secretion
m any cxpenment Perfusion of the antrum with protem hydrolysates
Iver extrict 5 per cent 2lechol 1nd soap solution shimulated gastric secre
tion but had no effect on pncreatic secretton In 4ll three dogs mntra
venous secretin stimulited pancreatic secretion

Therefore we have been unable to obtun experimental evidence it
favor of the hypothesis that secretin 15 the mhibitory hormone of the
ntrum Like the primary question—whether such 1 second antral hormone
eusts or not—it remams unanswered

THE ANTRUM EXCLUSION OPERATION
MECHANISM OF ITS FAILURE

In patients with duodenal uleer the ntrum exclusion operation 1s poptt
lanzed by Finsterer and Devinc after von Erselsberg s onginal description
15 followed by an excessively ugh meidence of margmal ulcer formation
at the gastrojejunil stomn This chnierl observation which was instrt
ment il 1n rew tkening mterest 1 the antrum of the stomach can now be
fully explained by the results of the experiments performed To exemplfy
these findings four dogs were prepared with Hexdenhun pouches Then
utilizing, the aad cuff prmerple deseribed by Oberhelman et of (27) an
antrum excluston operation w 1s performed ncluding 1 Jarge segment of
acid scereting mucosa wath the evcluded antrum The prowmal gstne
stump w 1s 11stomosed to the jejunum (Fig 12) This i essence 15 the
operation ongimilly described by von Eisclsberg mn wlich actuallv ne
stom ich 1s removed 1t all the stomich 1s merelv transected in ats mid
portion This 1s also the alkaltzing operition described by Devine (Fig
13)
In the usual fishion of the Iboratory these ammals were munt uned
on 1 constant diet with socium chlonde supplement s indicated  After 1



Fic 12 —Hedenham pauch with left exclusion of 1ntrum tlong wath hirge cuff of
aad secreting stomach and i ht after esection of the acid cuff from excluded antrum

Fic 13 —The allalzing operation of Devine 1 distal end of gastnic fundus anas
tamosed to jepunum 2 escluded gastnic antrum 3 duodenal ulcer in sty 4 gastro
h patic hgament and retropettoneum (From Devine 2 }
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long penod of obscrvation reoperation was performed and the aad
secreting cuff of tissue was excised from the excluded an 1um using m cro
scopic sections to insure aceur ite demarcation In no w1y was the Heuden
ham pouch the man stomach or the gastrojejunal anastomos: disturbed
This end result was the operation described and populnzed by Finsterer
and most widely used by surgeons throughout the world 1n the early dec
ades of this century Finsterer called 1t “resection for exclu yon  where 1
sleeve 1s exased from the md portion of the stomach and as v sult the
antrum 15 infolded and excluded without adjicent ac d scerating tissue

When the four dogs were studied through a sub equent obs rvition
pertod (53) during which they were on exactly the stm= di=tary pro
gram there was a striking increase m secretion from the Heidenhun

Fic 14 —Effect of exusmg aaid secreting mucost from the excJuded mtrum

pouch n all four (Fig 14) In three of the dogs secret on neuly doubled
and 1n two the resistrs e powers of the mucous membrane hning the pouch
were overwhelmed wnd peptic ulceration resulted

It can therefore be concluded that the high uleer recurrence rate after
the exclusion gastrectomy 1s the result of evcessne production of icid
gastric juice by the remaining body of the stomich Food substinces reflux
through the fferent jejunal loop and duodenum and eyventully throush
the pylorus into the excluded antrum En route am acid present has buen
thoroughly neutralized by the alkahne duodenal fluds The neutril food
substances chemichlly excite the wtrum to release gastrin wineh m turn
stimulates the seeretion of acid gastnie jurce by the body of the stomach
However the body of the stomach 1s now remote from the stimulated
Antrum so that the pH of the antrum does not fall as 15 the ease when
there 1s normal continuits Thus the normal phystolegic il device—perhaps
an wntisccretory hormone liberited by the presence of wid in the antrum—
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1s completely negated by the alteritions 1 anatomy wrought b) surgery
This delictte balance normally f s Iy ns a2 th atie
regulator 1n 1 he ting system nd s scnsitive to vanations i pH as small
as 02

The importince of muntunimg the ntrum in its normal relationshup to
acid secreting gastric tissue 1s therefore apparent and the practical les
son for the surgeon 1s obvious Where gastric resection 1s used the an
trum or 1t least its mucous membrane must be completely exeised and
not excluded When vagotomy 1s used to remove the exaggerated nersous
phase of gastric secretion so characterstic of the duodenal ulcer patient
1t 15 essential that an adequate drunage procedure be utibized Otherwise
the stomach with markedls lower acidity will ful to empty properly and
chron ¢ stimulation of the antrum will occur from both chemical and
mechanrel influence of the retained food substnces This will substitute
1 hyperactive ntral or digestive phase of ra1d production for the pre
eusting hvperactive interdigestive nervous phase
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4 Chmcal Impor tance
of the Gastric Phase
of Secretion

The evidence s erted m chapter 2 indicates that most duodenal ulcers
are due to a hypersecretion of gastnic juice of nervous ongin which 1s
abolished by complete diviston of the vagus nerves to the stomach It has
been suggested however that in some patients hypersecretion of gastric
Juice may be of antral ongn rather than vagal and that an attempt should
be made to differcntiate these pitients and thereby to apply treatment
appropriate to the cause Schoen and Gnswold (1) 1n 1953 found that the
pastric secretory characteristics as measured by the Ihistamme test
<howed a predommantly humoral response 1 about 5 per cent of ulcer
patients and for these they recommended subtotal gastrectomy Actually
one cannot conclude that antrum hyperfunction ewsts in these patients
stnce histamne 1s 4 direct cellular stmulint measuring the secretory senst
traty of the gastnie mucosa and not the gastric phase of secretion Thus
there 1s Dittle evidence that the antral phase of gastnc secretion plavs any
role 1n the etiology of uncomplicited duodenal ulcer

GASTRIC ULCER AFTER VAGOTOMY ALONE
FOR DUODENAL ULCER

When vagotomy was mtroduced n the Unnversity of Chicago Climes m
1543 1t was not comhmed with a gastric dranage procedure During the
ensuing years our interest was aroused by the development of new benign
gastric uleers 1 six patients treated by vagotomy alone This ntere ting
complication had al o becn observed by others Our first case was ob
erved m 1948 1t occurred m the first patient ever subjected to trans
theracse vagetomy for duodenal uleer

77



78 Harry A Oberhelman Jr

Case Ilistory W B A 63 vear old male underw ent « transthoracic vagotomy
m January 1943 for duodenal ulcer X rays revealed tugh grade pyloric stenosis
with a huge ulcer crater m the bise of the duodenal bulb Preoperative twelve
hour night secretion measured 1 160 ml with 2 free acidity of 65 clinical units or
2 total of 75 mEq of free HCI 1n the complete collection Postoperative twelve
hour mght secretion measured 310 ml with a free auid of 58 climeal umts or
18 mEq of free HCI  reduction of 76 per cent Followmg surgery he becime
asymptomatic and remamned so except for mild symptoms of gastric stasis until
four years postyagotomy when he agun noted gnawing pain in the epigastrum
occurnng, after me1ls and occasionally at mght Svmptoms were relieved by food
soda and vomiting \ rav revealed a huge ulcer crater on the lesser curvature
of the stomach just 1bove the angulus and marked deformuty of the base of the
duodenal bulb and pyvlonic channel without evidence of crater Twelve hour
mght secretion measured 620 ml with no free acid and the response to msulin
hvpogli cem1 was negative On April 11 1947 a subtotal grstnic resection was
performed Pathological diagnosts showed a bemgn gastnic ulcer and the scar of 1
duodenl ulcer He remuned asymptomatic until hus death m August 1952 fol
lowing 1 leg \mputation for a diabetic condition

Thus 1 new bemgn gastric ulcer occurred 1n this patient cven though
the onginal duodenal ulcer had completely healed and n spite of 2 per
sistent reduction m the twelve hour mght gastne secretion and 1 negane
response to nsulin hy poglveerin The question naturally wrose why such
2 gastrie ulcer should develop The answer was later found through lnbo
ritory experiments relating to the physiology of the pylonc antrum m
gastne secrehion

In Dr Woodward's chapter the mechantsms of antrum stimulition hawve
been clearly summanzed These mclude local simulation by food pert
stilsis and distention The mmportance of distentton and penstalsis s
mech isms m the releise of gastrm was demonstrated n a fundmentil
experiment 1n which the 1solited denervated antrum w1s trinsplmted mto
the colon as 1 divericulum A marked and persistent hypersecretion of
gastric Jutce of tral ongin was produced in thts manner This prcfmmd
stimultion of gistric secretton mduced by distention was 1lso observed
cxpenimentally (2) and s illustrated m Figure 1

INMPORTANCE OF DISTENTION IN THE RELFASE OF GASTRIN

A large Hetdenhan pouch from the greater canvature of the stomach w s
constructed m the dog D 235 with a mlon plastic cannuls intraduced
into the pouch for the quantitative collectson of gastric secretion After the
amml had completely recovered from the operation the gstric Juice
secreted during, each twenty four hour period was collected 1ts volume
measured 1nd the concentration of free HCI determined by titration with
Topfcrs reagent The total output of frec HCl was caleulated 1in milly
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queval Preltmtnan operatne p dures imoh ed trunsplantation of
the entire antrum smto the colon as a dnerticulum and then a partial re
section of the transplinted antrum Followmyz these procedures the
average duhy output of free HC! from the Rerdenhata pouch aver a
twents Fve-day period was 29 mEq (Fig 1 first drawing) The ammal
was agamn aperated upan. and ths tne the antral transplant was carefully
separated from allsts anginal blood supph  now dernving its noyrshme nt
from new blood sessels commg from the colon At ths time the porhon of
the colon containing the antral transplant was cons ested mto a Theen Vells
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Fir § ~The effect of distennon on th den nva od run planted antrum

fistula, open at both ends (Ft, 1 srcond drawinz) A mlon plastic cen
oula was itroduced nto the distd end of the colon loon contuning the
antral dnerticulum which permetted trmigation of this sezment of the colon
to make certain that it contamed no trace of foed or fecal matertal Dunng,
ths obsenvation period the nerage dale output of free HCI fell to 10
mEq \est. the dista) end of the 1solated colon was ob tructed by plicing
a cap oo the mvloo cannula the proumal opemng was left apen (Fre 1
thud dracing) This manewver sesulted m a marked hvpersecreton of
gastrie Juice from the Hewdenhan pouch averaqag arcund T4 mEq per
day When the cap was remored. allowng the escape of thin mucord
colome secretions the average duby output of free HUY was greath re
duced (Fig 1 last drawing )
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Since nothing was mtroduced mto the colon segment, 1t seemed Iikely
that the mtraluminal tension devcloped by perstalsis mn the 1solated seg
ment of the colon in response to the obstruction proved 1 most effective
stimulus for the release of gastnn from the antrum It 1s also of mterest
that this secretion continued cven though the original blood supply to
the amtrum had been divided

Cutaneous pyloric

fistul
vl Mucosal bridge

&

V/ f - /

o 0 <

{\’ 5 Gastrodvadenastomy
3

\\

Fic 2 —Frclusion of the gustne ntrum with 1nners thon mtact and Heidenhain pouch

INMPORTANCE OF PYRISTALSIS IN THE RELEASL OF GASTRIN
In another morc reeent experntment the significance of antrum peristalsis
in the relese of gstnn was emphisized (3) After the construction of
1 Hadenhun pouch the mtrum was excluded from the body of the
stomach by v mucostl brid, e lewing intrct the entire seromusculir layer
lesscr curvature structares ind nerve supph  The pylorus was Amaded
ind 1 cutncous fistul constructed from the proumal end Gastromtest

nal continuity was re estiblished by gastroduodenostomy (Fig 2) Fol

lowing totl cxcluston of the mmenated antrum the quantitative dulby
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output of frce HCl remuncd unchanged from the Heidenha n pouch in
four 1mmals {Table 1) Thus in spite of 1ts complete ¢xclusion from the
gutromtestmal trict the presersation of sts wnenation permitted the
antrum  to undcrgu wigorous pL‘nodu_ contrichions  The contrichions
accurred 1n response to fecding, dunng which perstalsts was trinsmitted
from the bodv of the stomich by mtrct smtramural wtonomie refleves

they could also be induced by msulin hvpolycemin with ats consequent
direct stimulation of vagal motor fibers running to the wtrum They were
abolished however by withholdmg food (Fig 3) As 2 result of this ex

penment at was ipparent that when antrum motility ws preserved there
w1s 1 mirhed scerctory response

TABLF 1

ESEECT OF EXCLUSION OF THE INVERVAT
ED ANTRUM ON QUANTITATIVE
DALYy GASTRIC SECRETION
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INPORTANCF OF GASTRIC STASIS I\ THE RELLASE OF GASTRIN

These fundamental cxpeniments on the gastric antrum led to a better un
derstanding of the dey elopment of gastie ulcer followmg stmple vagot
omy One of the most important cxperiments was performed 1 two Jibo
ratonies but mdependently (4 5) Heidenhun pouches devord of vagus
mnervation were prepared 1 dogs ind secretory charactenstics were
measured durning control pertods The vagus nerves to the mun stomach
were then severed transthoracically Postvagotomy quantitative collec
tions of gastnic juice were resumed and to our surprise 1 grett increse
1 the secretion of gastrie juice from the Herdenham pouch was tent
Iv observed (Fig 4) Resection of the ntrum abolished the stumuliting
effect of vigotomy on secretion from the Heidenhamn preparation mdt
cting that the increase 1 gastrie secretion had been mediated through
the antrum (Fig 5) st was also found that 1 low lving gastroenterostomy
was effective (F1g 6) Thi increase 1n the humoral mechamism of scere
tion was thought to be due to stasis of food i the stomach as a result of
decreased gastne tonus and motility caused by vagotomy In addition
since the quantity of gastric juice produced by the mun stomich was
ctually reduced by vagotomy the mhibitors mfluence of aad upon the
antral mucos1 was putnlly 2bolished permittng production of n 1
creased amount of gastrin It w s ikely that the morc important factor
rccounting for this inerease 1n seeretion from the He denhain pouch was
the postvagotomy retentton of food 1n the stamach resultmg, m prolonged
contact of food with the antral mucosn and hyperfunction of the gutric
phase of sceretion However 1t must be remembered that 1 favorible pH
must be present for the wntrum to function this tends to be toward the
kaline end of the seale

IMPORTANCF OF GASTRIC ACIDITY IN THE RELEASF OF GASTRIN

In wnother experiment using a Herdenhy n pouch the 2end secreting, por
tion of the mun stomich was removed by resecting the corpus and fundus
(Fig 7) Gastrontestinal contmuity wAas re established by n esophgo
antrostomy  Sumularly 1gun n increise m gastrie sectetion was obt une d
from the Hadenham pouch The fictors responsible for this stumul tion
were behicsed to be twofold With the reduction m the smonnt of 11l in
the antrum intril inhibition had been 1bohshed allowmg 1 greater quin
tity of gastrin to be produced And there w1s also an mcrese 1 antril
distention s a4 result of the defect m its motiity swnee trinsecting the
stomach w s the equnalent of 13 igotomy to the wtrum ind pylorus
That this hyperscerction of gastric jmee w s of clmieal importance w1
recently emphasized by Smith AMoulder nd Adams (6) They reported
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four cses of gastric ulcer following cirdioesophageal resection for errar
noma It appearcd that these ulcers were of humoril ongin due to stasis
of stmulitme substanecs i the gastric antrum follow ng the trinsection
since two were clearly rebeved by @ rostomy drunage p dures

EFFECT OF FYLORIC STENOSIS O\ GASTRIC SECRETION

Inmany patients tre wted for duodenal ulcer by v agotorny vanous degrees
of pylonc stenoss with stasis of gistric contents occurred Expenimental
production of pylone ebstruction in doss produced hypersccretion of gas

trie juice from the denervated Heidenhun pouch (7) Similar findings
had been reported earlier by Ivy Droegemueller wnd Meyer (8) 1n 1927
n our expeniments pylonc stenosis was produced wther by wrapping nar
row bands of cellophine around the duedenum just distal to the pylorus
secuning, these just tight enough to hold them m plwe or by excising 1
diumond shiped portion of pylornic musculrture from the antral wall su

tuning; the defect so s to create obstruction (Fig 8) Followng these
procedures a prolonged merease 1n gastric secretion from the pouch was
observed One could nfer that the stenosis caused increased gastric mo

tility that 1t icreased tension witlun the antrum and cwsed prolonged
contct between the antral mucosa and stimul tting substances 1n the food

Tt 15 of intercst that multiple gistnie ulcers developed m one ammal sub

scquent to pylonic stenosis (Fig 9)

EXPERIMENTAL PRODUCTION OF GASTIIC ULCER

The expectation thatvigotomy by delying gastnic emptying would alter
the site of histamine induced uleertion prompted Brasher to perform the
following experiment Anmmals were subjected to bilateral transthoracic
vagotomy nd following 4 three week recovery pertod were given daily
X ofh 1 wax and petrol A comparable senes of con

trol dogs was not operated but recened only the lustumne preparition
during the obsery ion period The duly dose of histamine used was one
which produced a secretion of gastne juice of <hout the s1me magmtude
s that which occurred m antral hyperfunction After eight to ten weeks

the ammals were sacnficed and 1wtopsies were performed Peptic mflam

mttion or mucosal erosions were more common thin localized chrontc
uleers with the dose of hustumaine used There wis 1 significant difference
in the location of the pephic lesions m the two senes gastrie lesions were
found only in the vigotomzed group but duodenal lesions were present
n both groups Although recent work by Kanluk and Merendino (10) sug

gests that the gastnic mucosa 15 more resistant to acid pepsin digestion
than1s the duodenal mucosy this eannot be the onlv factor m determiming
the site of ulcerttion It would appe ir from our expenment that 1f gastne
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emptymg 1s delyved by vagotomy while the secretion of gastrc Juice 15
mamtamed by histamme the site of peptic ulceration s altered wath an
mcreise n gastne lesions

Several mmportant clinical observations supported our eperimental
studies on the etiology of gastric ulcer following vagotomy Especually
convincing were the studies of Huber and Huntington (11) 1n which they
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demonstrated the appearance of gastnc ulcers i pitients where previous
duodenal uleers hid produced gastne retention from pylonce stenosis {Fig
10) Inour serics of 158 pitients with duodenal uleer treated by vagotomy
alone six subsequently daviloped 1 new bemign gastne uleer nd two
developed erosne hemorrhagie gastntis (12) This inadence of gastne
uleer was certunly much Iugher than seen 1 the normal populition nd
1t was a comphettion reported by many others

In summary when vagotomy alone was employed 1 the troitment of
duodenal ulcer stasis of foad 1s 2 result of defieint gistne penstilsis
occwrred resulting m 1 hypersceretion of gastric paice of wntral ongin 1nd

FIe 10—Case 1 Three vears later the duodenal d formity as still present along
with a large uleer of the stomach (From Frank Huber and Charles G Huntington
Gastric Retention and Gastric Ulcer  Amer ] Roent,enol (0 82 1345 Reprinted by
Termussion of the authors and the American Journal of Roentgenology )
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an increased merdence of gastne ulcerwtion Pylonc stenosts if present
cused a hypermotiity of the stomach further enhancing the antral or
humoral phase of gastric secretion As A result of the e complications
vagotomy without a drunage procedure was abandoned 1 the treatment
of duodenal ulcer

GASTRIC ULCER AFTER VAGOTOMY AND
GASTROENTEROSTOMY FOR DUODENAL ULCER

During a recent analysis of the results of v \gotomy 1nd gastorenterostomy
in the treitment of duodentl ulcer our nterest was focused on those
pitients developimg gastrojejunal ulceration m spite of a complete vagot
omy 1s evidenced by 1 negative response to msulin Iy poglycemi A typt
cal cse 15 described below

Case History M W This 54 vewr old msurance s1lesman undersent a trns
abdominal supradiaphrigmatic vagotomy and postenor gastroenterostom for
1 stenosing duodenal ulcer 1n Jwuary 1947 Preoperative twehe hour nocturnal
secretion measured 1 100 ml with 1 free acicity of 51 chin ¢l umits or 56 mEq of
free HCI Duning the postoperative period the twelve hour nocturil secretion
metsured 275 ml with no free acid and 1 negative response to insulin hvpo
glicemia ws obtamed Following release he gained in weight wnd remamed
well except for occasiona] distention and ditrther X rays in Februan 1950 re
vealed a functioning gastroenterostomy nd persistence of the previously dem
onstrated pyloric stenosis In March ind December 1932 he noted tarry steols
and 1 diagnosis of gastrojepunal ulcer wis made At this time hus twelve hour
mght secretion measured 214 ml with no free acid and lus msulin test remamned
negative Thus 1n spite of a complete vigotomy this pitient des eloped recur
rent ulceration with hemorthage some six vears 1ter hts ongmal operation

The explinition of this unusuil compheation remuned obscure untif
further expenmentiton 1n 1mmals shed light on its chiology  Although 5
previously shown section of the vagus nerves resulted in gistric stasis
with hyperfunction of the gastrc or antral phase of secretion 1 dramage
procedure such as gastroenterostomy should prevent this compheation
Since the vrgotomy 1n this wd sumlar cases was shown to have been
complete our ittention was then directed to the gistroenterostomy pro
cedure Previous imnestigations 1 our hboratory hid demonstrated that
the Mann Willlamson procedure for the production of expenmentll
stomal uleers regulirly caused 1 hvpersceretion of gastric juice (13)
These studies prompted us to investigate the effect of certun types of
gnstroenterostomy m dogs on the secretion of gastnc jurce (14)

EFFECT OF GASTROENTEROSTOMY ON CASTRIC Sk CRETION

Hewdenhain pouches were prepared n dogs ind after control studies lid
been obtmned gastrojejunostomics were performed The nnstomosts was
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made either on the antersor or posterior wall of the stomtch and varied in
location from the pyloric antrum to the lower body of the stomach The
results established the fact that gastroenterostomy produced 2 sustuned
mcrexse 1n gastric secrction varying between 30 wnd 140 per cent of the
mitial value This increise 1n secietion occurred wath both anterior and
posterior wall anistomoses provided that the stoms was constructed mn
the body of the stom.ch (Fig 11) The finding that a stmlar gastroenter
¢ tomy chid not stimulate g1 tric secret onif the antrum of the stomach hnd
Lean resected suggested that th s hypersecretion was of antril ongmn (Fi,
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12) In addition 1t was observed that gastrojejunostomy did not ncrease
gastric secretion 1f the stoma was pliced m the ntrum of the stomach
(Fig 13) Similar studies were also preformed by hanar et ol (15) in
1955 They tound that an increase m gastric secietron from the Hesdenhain
pruch m wimils occurred irrespective of the position of the gastroentenc
stom1 on the stomach However they also reported that the anastomosis
m the lower portion of the stomach produced 1 more pronounced shmu
Iiting effect The difference in the results of these two separate studies has
subsequently been clarfied by Stevenson et al (18} and by Woodward
et al (18) on the basis of the size of the stomas produced smce this fac
or vaned m the two expenimental studies It was shown that ittle or no
increase m gastric secretion occurred when the gastroenterostomy was
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n mcreased incidence of gastric ulcerition Pylorie stenosis f present
cused a hypermotiity of the stomich further enhancing the antral or
humorl phase of gastric secrction As 4 result of the ¢ complications
vagotomy without 4 drunage procedure ws abandoned in the treatment
of duodenal ulcer

GASTRIC ULCER AFTER VAGOTO\} AND
GASTROENTEROSTOMY FOR DUODENAL ULCLR

During n recent analysis of the results of v ygotomy and gastorenterostomy
m the treatment of duodenil ulcer our mnterest was focused on those
patients developing gastrojejunal ulceration in spite of 1 complete vagot
omy s evidenced by 2 negative response to insubin hy poglycemin A tpt
¢l case 1s deseribed below

Case Iistory M W This 54 ver-old insurance salesman underwent a trans
abdemimal supradiaphragmatie vagotomy and postenior gastroenterostoms for
«stenosing duodenil ulcer 1n January 1947 Preoperitve twelve hour nocturnal
secretion measured 1 100 ml with a free rcidits of 51 clin cal umts or 56 mEq of
free HCl Dunng the postoperatne period the twel e hour nocturl secretion
measured 275 ml with no free acid and 1 negative response to msulm hvpo
glicemia was obtuned Iollowing release he guned m weight nd remamed
well except for occasional distentton and diarthea \ ruvs m February 1950 re
vealed « functioming gastraenterostomy and persistence of the presioushy dem
onstrated pyloric stenosts In March wd December 1932 he noted turm steols
and a dingnosis of gastrojejunal ulcer wis made At this time his twelve hour
mght secretion mesured 214 ml with no free reid and his insulm test remamed
negative Thus 1n spite of a complete vagotomy this patient developed recur
rent ulceration with hemorrhage some six vers ~fter hus ongm Wl operation

The ¢xplination of this unusual complication remuned obscure untl
further experimentation m amm ls shed hght on its etiology Although 15
previoushy shown section of the vagus nerves resulted i gastrie stasis
with hy perfunction of the gstric or ntril phase of secretion a1 drumge
procedure such 1s gistroenterostomy should prevent this compheation
Since the vagotomy n this and simlir cses was shown to huwve been
complete our attentton was then directed to the ¢ stroentcrostomy pro
cedure Previous mvestigitions m our laboritory had demonstrated that
the Mann Williamson procedure for the production of expenment i
stomal uleers regularly crused 1 hypersceretion of gustnic quice (15)
These studies prompted us to investigite the cffcet of certun tipes of
gstroenterostomy in dogs on the sceretion of gistric jce (14)

¥ FFECT OF GASTROF\TEROSTOMY O\ ( ASTRIC SFCRETION

Heidenhain pouches were prepared i dogs md fter control studies had
been obtained gastrojejunostomres were performed The nnaistomosis was
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placed in the antrum if the size of the stoma was imited to 2 em How
ever when the stoml diameter was nereased - low lyng gastrojejunos
tomy also produced 1 marked increise m gastne sceretion probably as 2
result of reflux of alkline secretions augmenting the gastrin mechanism

A tentative explanation of this stimulating effect of gastrojejunostomy
when placed mn the body of the stomach 1s that a hugh lymg gastrojejunos
tomy erther decreases the ncid mmbiion of gastnn Telewse by droming
away the 1a1d sceretions of the body nd fundus before they come 1n con
trct with the antral mucost or that 1t decreses the aaidity of the gastne
content s a result of refl 1x of alkaline duodenal juices through the stoma
Thus 1 lugh lying grstrojejunostomy m atsclf stimulited gastrie secretion
111 the antral mechimsm

LXPERIMENTAL PRODUCTION OF STOMAL ULCER

As previously demonstrated 1 hyperse cretion of gastrie juice of humoral
ongn followed vagotomy or pylonc stenosis 1d occasionally resulted
gastrie uleer formation i the expertmental 1 mal In the above ¢xpen
ment 1t was shown that a i b Iving gastrojejunostomy alse had a stimu
lating cffect on the gastrie phase of secretion The following study (18)
was designed to determne 1f a hypersecreticn of gstrie Juice of antral
ongin would produce stom! ulcers 1n expenmentil ammals Transplanta
tion of the antrum into the colon as 1 diverticulum was the method se
lected for producing hyperfunction of the antrum Intestinal continwuty
was re established by anastomosing the upper cut end of the stomach to
the side of the jejunum (Fig 14) Following recoverv from the operation
the anmals were mawtained on a stock diet For two weeks they rermawned
m excellent condition but subsequently developed anorexit or rcfused
food nltogther Typieal large progressne gastrojejunal uleers developed
n five out of sic ammals n from three to twelve weeks These expenmen
tal ulcers displayed the charactenstics of hemorrhage progression and
perforntion 1s seen m chmcal lesions (Fig 15) It should be mentioned that
spontancous peptic ulcers hw e rarely appeared in dogs and 1n our expen
ence have never been seen following gastroduodenostomy unless the alka
hine secretions of the duodenum were deviated from the anastomosis or as
shown above a hypersecretion of gastne jurce was produced

Ta reviewng the results of and t dunng the
period from 1943 to 1955 we found twenty cight patients or 58 per cent
who developed a marginal gastrojejunal ulcer Eight of these patients dis
played persistent reduction m the twelve hour nocturnal gastrie secretion
and 1 negative resp to msulin hypogly 5o that 1t may be 1s
sumed that the + vy was physiologicall plete and the nervous
phisc of gustne secretion completely abolished Winle hy persecretion of
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gastrie Juice of humoral ongm could nccount for recurrent ulceration fol
lowing vagotomy alone 1t was not reachly apparent how this could ac-
count for margmal uleeration 1n these pitients smee 1 gastroenterostomy
hnd been done to prevent stasis However when these cises were care
fullv reviewed two important facts were disclosed First at was observed
from \ ry studies that 2l eight patients had moderate to high grade ob
struction a5 « result of pylornic stenosis which hid eusted preoperatively
Pylonic stenosis as shown earlicr produces 1 hypersecretion of gastne
juce of humoral ongin in experiment 1l ammals Second 1t w1s observed
that the gistroenterostomy stomis hid been placed either opposite the
naisura or t the midfundus of the stomach 1n all cases None appeared to
be loctted n the pyloric itrum Most of these patients had been operited
upon ewly 1n our expenence with vagotomy when httle attention was
directed toward positioning of the stom1 neir the pylorus

We have pomted out that lugh lying gastroenterostoms id not over
come the stasis that eussted 1 the antram follow mg v agotomy to the ma n
stomach m Heidenhun pouch dogs Therefore it wis readily appient
that stasis of food n the pyloric antrum of these patients could lead to 1
hypersecretion of gistnc jmee of humoral ongin as 1 result of 1 combma
tion of factors These mcluded stenosis decreased gastric motility as
result of the vagotomy and 2 hagh lying gastroenterostomy which failed
to empty the stomich 1dequately and which 1n itself caused a hyper
secretion of gistric yuice of antral ongin The antral stasis that existed
these patients 1s 1llustrated i Figure 16 These studies were performed by
feeding 1 regular meal to which 1 suspension of birum was added after
which periodic \ ray pictures were taken

CURRENT CONCEPTS REGARDING ETIOLOGY
OF BENIGN GASTRIC ULCER

With these expenimental studies and chimeal observations m mind the
question then arose s to the role of the pylonc antrum i the etiology of
bemgn gastnc ulcer (19) As previously mentioned gastnie ulcers have
not nfrequently developed followwng pylonic stenosis produced by the
healing of a duodennl ulcer These climenl observitions were clearly
shown by Huber and Huntington (11) However since the majonty of
bemgn gastric ulcers were not associated with organic pyloric stenosis the
role of stasis from ntony of the gastric museulature which 1s equally effec
tive n producing a hypersecretion of gastric juice of antral ongmn was

then studied m patients with gastnie ulcer
AEASUREMENT OF GASTRIC EMPTYING BY MOTOR MEAL

In wtempling to determine whether stasis evists i patients with bemgn
gastnc ulcer the usc of a new motor test meal was studied The meal
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twehe hour nocturnal secretion one 1s mmpressed that the average output
of free HClin the gstric ulcer pitient 1s approsmately half the amount
secreted by the normal mdividunl suggesting hy pofunction of the secre

tory fibers in the vagus nerves It 1s known that in patients with duodenal
ulcer there eusts both hypersecretion and hyperinotility of the stomach
Therefore the depressed twelve hour mght secretion of vagus ongin seen
n patients with gastne ulcer k) nt hyy hity 5 a
result of hypofunction of the vagus nerves Evidence cited confirms the
delhyed gastric emptymg time present n most patients with bemgn gas

tric uleer

Fic 17 —Patent L B s bemgn gastic ulcer showing retention of Larum meal m
t m ch Left two hours fter ingestion it twelse hours after ingestion

The summary of a patient with 1 typieal bemgn gastne ulcer 15 pre
sented below

Case Histors T B This 56 ver-old male entered the hospital with 1 two
vear historv of postprandinl gas pams m the upper abdomen Tlus distress be
came worse duning the past three to four months 1nd w 1s frequently accomp imed
by vomiting He had lost thirty pounds since the onset of lns symptoms X rusre
vealed 1 large ulcer crater on the lesser curvature in the midportion of the body of
the stomach There was no evdence of deformity or obstruction at the pylorus to
suggest previous duodenal ulcer dise1 e Two twelve hour mght secretion studie
vielded ¢ ind 8 mEq respectively A motor test meil showed approuimatel
50 per cent Tetention of barium i the stomich elesen hours following ingestion
(Fig 17) Dunng this entire peniod hourh simples of gastric content showed
considerable free acid ringing from 13 to "3 chmeal umts Gstroscopy revealed
the large benign appeanng ulcer and exfoliatn e cvtology showed no malignant
cells A subtotal gastrectomy w s done with uneventful postaperitive recovery
The ulcer proved bemign histologically
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consisted of meat eggs mulk tost and cerea] mixed with barum sulfate
Following the ingestion of this meal simples of gastnc content were se
cured at hourly intervals over long penods of time nd the concentratton
of free HCI determined X riy ¢xammations were made at mters W fol
lowing the meal until the stomach was empty To date the majonty of
patrnts with bemgn gastrre ulcer without mechntet! obstruction 1t the
pylorus have shown sigmficantly lengthy emptying ttmes ringing from
eight to fifteen hours after the mgestion of the test meal Sumilr studies
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Fic 16 =5tenosis of the pyJorus wath retention of food in antrum 15 1 re ult of 1high
Iyng gstrocntarostomy 1, 7it

m normil subjects reveided cmptymg, tmes ringing from three to $1¥
hours Secrctony studics showed 1 murked rosponse m aad sceretion
which persisted 1s long 15 the stomach cont uned food As a result of these
motility studies we «1n wssume that stisss does exst an patients with
bentn gstric uleer Whether thus stisis o1 ¢strie retention ewsted prior
to the des elopment of the ulcer or resulted trom the cdem ind nflrmm?
tory rection 1long the Jesscr cur itore aboot the lesion has not becn
shonn to date

However there has been some evidence from clinic il studies of prients
with gastric uleer suggesting that stists as @ result of gastne atony m
eust prior to the formtion of 1 lesson If one reclls the values of the
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‘What other clicil observations support the suggestion that 1 hyper
secrction of gastric juice of humoral omgmn 15 responsible for gstric
ulceration? It 15 1n the response to gastrc surgery for duoden 1l and gastric
uleer that this concept has been strengthened

When gastroenterostomy was widelv used i the trentment of peptic
ulcer 1 hugh ineidence of margimal ulceration w1s encountered following
operation for duodenal ulcer but rirelv for gastric ulcer These obsersa
tions are 1n harmony wath the view that gastric ulcers re usually due to
2 hypersceretion from stasis of food 1 the stomach and that this stasts 15
relieved by gistrocnterostomy In duodenl ulcer patients the hyperscere
tion of gastrie Juice 15 of neryous ongin persists after gastroenterostomny
and causes margnal ulceration

Second when only 1 partnil or lower resection w1s performed for duo
denl uleer patients stomal uleeration was not infrequent but when this
procedure w s performed for gastric uleer stomal ulcerition rarchy oc
curied Here agun 1t my be suggested that the low resection with re
mov 1l of the trum abolshes the cause for the excessive secrction of
gastne juice m gastric ulcer patients and permts them to remun well In
duodcnl uleer panients the nervous phase of secretion persists after re
mov ] of the ntrum ind s 1 result a new ulcer develops

Third the good 1¢sults secured by the kellmg Madlener operition for
Ingh Iymng juxtn esophageal gistric ulcer may be expluned by ths new
coneept In tlus pmchure T hemxgxstrec(om\ or antrectomy lewang, the
uleer an situ results 1n heiling of the gastric kesion of bemgn Thus
through thesc elimetl studics nd observations this concept has wiscn
gstrie uleer 1s cwsed by excessive gastric secretion due to intrum Iy per
functron from stasis of foed Further studtes are n progress m ord 1 to
prov de further factuil information regardimg thas concept
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ing with lam have had charge of the radition treatment of peptic ulcer
m collaboration with Walter Palmer and Ius associates Finally James
Williams Bas githered for me the manusenpts and sllustrations prepared
by vanous members of our staff an recent years

HISTORICAL

N\ v exumnition of the upper abmentary trict began to be clinmcally
umportt about ity yewrs ago recenving added impetus from the work
of such proncer radiologists as Russell D Carman Walter Mills and
Jmes Case

In Cumins day fluorascopy was parimount Such photographs as
were made were of secnndary smportance but by the early twenties the
substrtution of ilm for glss phites led several radiologists i Europe to
employ them as smportant adjuncts to fluoroscopy of the npper thmentary
tract Until approumately 193 however except for the work of L G
Cole these nuwer methods recerved scant attention in the Umted States
Fven today though most Amencan ridwlogsts recogmze the v ilue of
films the general practice 15 to plice myor reliance on [irge Slms made
{ollowng fluoroscopy and to look upon the so catled spot films made wn
der fluoroscop ¢ control as interesting sometimes helpful but not of myjer
tmportance Lihe most Europt 1n \nd a few Amencn radiologsts we arc
n complete disagreernent with this view and suspect 1t has develop o be
cause of the techmeal imadequacy of most commere A Amenicin filming
fluoroscapes Al commercsal fuoroscopes e «quipped with uader t1ble
gods over table tubestands ind full size flnoroscopic screens so that m
ddition to fluorascopy they ¢in be employed for almost everv tvpe of
rachogriphy But this fleability which 1s <0 emphasized by the commer
il mnufacturers has severe techmenl disdvantiges

Qur own instrument 15 dessgned to do well 2 very few types of exame
attions—in particular the fuoroscopy and filming of the upper hmentary
tract bronchography myclography and detail filming of segments of
bawel for polyps Of the materal that follows non radiologists ma prefer
to red only the three sechons entitled Theory of Fxammiton % ray
Findings 10 Peptic Ulcer " and X ray Trevtment of Iephic Uker shim
ming or 1gnoring completely the three sections enttled  Apparatus  The
Burnum Misture  wnd  Routine of Evimmation

THEORY O EXAMINATION

In patients of averig and over weryge bwild the fluoroscopie wnage of
the upper 1limentary tract 15 extremelv funt even when one employs the

] %W ] Carpend r et o] Radiation w Ve Therapy of Pepne UY
Roentgenol Vol 75 No 2 1976 Py of Tepne Bher - am {



PAUL C HODGES

5 X-aray Diagnosis
and Treatment of
Peptic Ulcer

There 1s general agreement tod1y s to the radologic enterry which gov
ern the diagnosis of peptic ulcer—those cr tenn which enable us to dis
tinguish benign ulcer from ulccriting neop’sm and those which re m
dicative of heal ng scrrnng and recwrrence Agreement 1s less complete
25 to the technical means best suited to sat sfying these enter1y Sincc our
techmical facihities differ from those commonly used 1n this country 1 shall
devote most of my space to these ficthties nd the way in which we em
ploy them

It might be better for me to mention none of my 1ssocates by nme
lest fulure to mention some mply fulure to rcco mze the importince of
their contributions All of them have contributed ideas nd developed
technies 2l huve taken an active part in the duly chimeal work but 2 few
hwe made other tyvpes of contnbutions s well Fred Templeton was the
first to orgamze our thinking i the matter of peptic ulcer with Ius book
The \ ray Exanunation of the Stomach ' which still scrves 1s basic instruc
tron for our studcnt radiologists Russell Morg s phototimer has had anc
of 1ts most practical appheations in our filming flovroscope Three rid olo
gusts 1 succession—Russell Nichols Sidney Nelson and Robert Moseley —
hwe continued the collection of material that wis started by Fred
Templeton ind have assumed the prime responsibulity for improving tech
nics and transmitting mformation and skills to succeeding groups of stu
dents ] W J Cupender and the ridiition therapists and phy sicrsts work

tF E Templeton \ ray Exammnaticn <f the Stcmich (Chicige Unnarsity of
Chucigo Presy 1944)

98



Fic 1~Tle Houn fuoroscope m the vertical po tton with gate pulle 1 Sorward
complctely und step in lav est position
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most sensitive screen wv-ulable and works at 90 &y and 8 ma The ob
server fluoroscoping m a room dlummated sufficrently well for the readimg
of newsprint cannot sce the Auoroscopic tmage 1t All Exen when all hght
1s excluded swe thit from the screen he 1s barely conscious of the image
until lus eyes are dwk accommodated a physiological process requinng
not less than fifteen mmutes In the dark accommodated eve 1t 1s the rods
rther thin the cones that do the seemg and of course rod vision 1
msensitive to fine detul Increasing the mtensity of the \ rvv bewm
creases the bnlltance of the image but tube life and p\mcuhrly the wel
fre of both patient and examiner preclude fluoroscopy 1t voltages md
currents sigmficantly greater than those employed by us A decade agoat
seemed probable that electrome amphficition of the fluoroscopic 1mnge
would eliminmate this difficulty but the hope has been reahized only to 1
Itmited degrec for the moment at least almost all fluoroscopy of the
upper alumentary tract 1s done without amphfiers

In spite of these mherent Imitations n expenenced and shitful exam
mer docs an astonsshingly good job of detectin., Aluoroscopically even very
small and very shallow ulcer craters He does even better when he works
with 1 flming fluoroscopt  combining filmmg with flnoroscopy In mast
cises films merely provide objective evidence of lesions thit are desenbed
mn the fluoroscoprc notes sometimes they demonstrate normal mucost
where the fluoroscopsst suspected a lesion and ocesionlly they sugeest
the presence of 1 leston where none wis suspected thus providing w
mdication for reperting the exammation Ideally the rachologust fluoro
scopes nd then films cvery square mch of the mucost of the upper ah
mentary trict but even w young slender healthy subjects the rdeal 1
seldom attuned nd m short fat old nfirm patients one must be content
with gross departurc from the ideal As m so many othcr phases of medh
ane positne findmgs are rewonibly dependable but ne,tive findings
by no means rule out the posaibility that lesions are present

APPARATUS

Qur filming fluoroscope (Fig 1) has been under desclopment for ne uh
v quuter of 1 century but its two most unportant feitures long e
rcached pproumately their present day form nmely the use of vvery
sml fluoroscopic screen and the employment of 7 X 17 films with
four frumes ar spots on ech To provide ngidity md facihtate compres
ston during certun phases of the work the scrcen and flm moving mech
amsm 1s supported 1t both sides of the table rather than merely 2t the
rear Tlus asscmbly (Fig 2) hinges upwrd as paticnts enter or fone
(Fig, 3) hencewe refurtostas the gate In exrhicr models we suspended
2 comentional gt fluoroscoprc sercen from the hinge when the gate was



Fic 8 ~Most examimations begin and end with snstrument in vertical posion and
gate hinged up vard On postenor surface of grte Jeft te film carnace motor right
balsa v ood compression block at rear of nght hand support latch for retanng gate in

up” poiton and beneath it rubber-covercd loop of chun used as handle to facihitate
upward hinging of gate Handrails at erther side of table provide support for feeble or
apprehensive patients
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foldcd up and we began the eximmation wath the lrge sereen employing
the small one merely for fluoroscopic postioning of parts prelimmiry to
filming All of us soon found however that 1t was preferable to do the
entire examut 1ton with the small screen After the Irge screen hid hung
on the wall gatherng, dust for several vears we retred it to the shop and
m1de no proviston for it 1n subsequent models of the fluoroscope

SICNIFICANCF OF S\IALL SCREEN

If one 1s willing to wecept 2 small 4% X 7 screen as the only one
on Ius filming fluoroscope he reap two mmportant rew wds at the cost of
one misconception The latter 15 the spurious belief that one cinnot con

Fic 2=Catc of flminy, fluoroscape completcly pushed 1a towwd tible top Film
cussctte purtnlly inserted in crmge Detarls 1o text

duct dequate fluoroseopy of the bdomen and thorax without 1 lirge
screen 1ad the rewards are simphoty n design and operstion which
result 0 improved quahity of fluoroscopic wnd film 1mrge and above
evenytinn edse reduction in tissue dose to the patient and to the operator
This matter of the clmic1l adequey of 2 small sereen 1s not unlike the
situation mn microscopy Cven under low power the total amount of tissue
that cin be secn it one time 15 small but the experienced micrascapist
moving the shide thout beneath the objectine becomes oblious to the
Iimutation m fidd srze ind thiks of the section s 1 whole The same 1s
true m fluoroscopy No matter how lirge the screen may be one 1s able
to fix lus attention on onhy 1 small part of 1t at wy onc tune In using 1
well designed fluoroscope e moves tube and screen bout quickly and
esily becoming, unaw wre of the fict that he 15 cxamining the ficld prece
mneal New radiologists on jonmg our staff ave at first dismayed by the
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of the \ ray tube as the gate 15 moved forward through 122 to its maumum
distance from the table top Stop 2 moves forward 1 distance of 4%
Stop 3 measures 2% ¥ 4% and s fived at a point 16 1 front of the target
Stop 4 measures 4« X 7 and 15 the window n the lexd armor of the gate

1f only Stops 1 3 and 4 were employed colhmation would be fully
adequate only when the gate was at the ot of 1ts travel away from the
table top For shorter distances the beam entering the patient would be
larger than necessary with consequent increased dose to pabent and ex
amumer and detenoration of 1mage quality However the geometry of the
travel of Stop 21s such that when it 1s added to the system the rectangular

bem entering the patient 1s barely large enough to il the area of Stop 4
for all positions of the gate

COMPRESSION LOCK

Mounted on the shaft that ties together the counterweights and drives
Stop 2 1s 1 drumbke assembly sumilar to the coaster brake of a bicycle
When this drum 1s clamped by a stationary external brake band 1t 1s
possible to rotate the shaft within the drum in the direction corresponding
to movement of the gate toward the table top but not 1 the opposite
direction The compression lock 1s an eccentnic which operates the brike
band When the lock 15 off the shaft together with its drum rotates freely
m erther direction when it 1s on the drum 1s immobihzed and the shaft
1s able to rotate only within the drum and only in the direction that allows
the gate to move mward

PHOTOTIMER

In the center of the left hand support column (see Fig 2) 1s a four station
selector switch for selecting any one of four phototimer settngs

Station I 15 calibrated for gastne and colon exarmumations and for frontal
s elograms on adults

Station I 1s calibrated for esophagy and for bronchog;
adults

Station I 15 used for lateral my elograms on 1dults

Station IV 15 used for exarmintions of all sorts on babies and small children

on

The screen phototube assembly shown n Figure 2 has been descnibed
elsewhere * It 15 completely hght tight and includes a lightwerght pipe of
% lucite carrying on both antenior wnd postenor surfaces 44 X 7
sheets of DuPont No 564 screen Except for the small wrea directed at the
photocathede of the \P21 tube 1t 15 completely coated with aluminum
deposited by evaporation n vacuum

3Paul C Hodges Photoelectne Timing 1n General Radiography

Acta radiol
Supp 116 {Seventh International Congress of Radiology )
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Spartan simphaity of our instrument 1ts screen seems hopelesshy made
quite for fluoroscopy of the chest and abdomen its flm frames far too
small But s these workers become accustomed to our mnstrument they
find that 1 smll screen and small film frames are not actually disadvan
tageous nd they wonder how they put up with the mconventences of
c l filming fl

P

THE GATE

This 1s 2 12 X 48 X2 mechamism which contuns = reciprociting
gnd and the film cirnage 1t holds the screen phototube assembly oper
ating handles four clectrical switches a pilot hght on ats front surface
{Fig 2) nd 1 balsa wood compression black on its renr surface (Fig )
The rear surfce 1s covered by a continuous sheet of 1 mm maignesium
m front of which 1s 1 sheet of lead 1 mm thick prerced by 1 44 X7
window belind the fluorescopre screen Above below and for 2 m on
erther side of this window the sheet of lead 15 remnforced by n additiona]
% mm of lead

A Liebel Flarsheim 7 X 7%  medium focus 80 line moving gnd 1s
mounted 1n front of the window It 1s stationary for fluoroscopy but osal
lates as films are bemg made with an amphtude of 11n and 1 rate of one
stroke per second Earlier models employed stationiry hnear or eross
hatched gnids and many of the films used n Figures 8-30 were madc with
them rather than with a moving gnd

COLLIMATION OF X RAY BEAM
The gite m1y be pushed to within 8% m of the table top or moved out
21 from the top  total of 12%1m of travel Two sprocket chuns con
necting the gate to 1ts counterweights operate a shaft on the tube carmage
which performs three important functions (1) It ties together the nght
and left hand counterweights foremg the two ends of the gite to move m
umson (2) It provides a simple mechamsm for compression presenthy to
be described (3) Through a gear tram 1t dives 2 rectangular lead dn
phragm mounted 1n the lead hned base to which the X r1y tube 1s 1t
tiched This diiphragm s prerced by a 1% X 2% rectangulir open
ing hnown s Stop 2 which 1s one of four that collimate the \ ray beun
to mimmize the dose to patient and examuner nd mprove the qualty of
the fluoroscopic image

Stop 1 measuning % X a 15 fived at a pomt 2« 1 front of the tareet of the

\ ray tube
Stop 2 mewsunng 1o X 2a s the moving stop mentioned above With

the gate as near as possible to the table top Stop 2 hes 9' 1 front of the target



X ray Dagnosis and Treatment of Peptic Ulcer 107

then depressed the carmige motor 15 energized, solenoid-operated pn
No 1nses i the cirnage track and the film carmage moves rapidly from
wts zero posttion to the left stopping with ts first film frame centered at
the window After the carnage has been arrested by pin No 1 1t 1s held
there by the motor which 1s stlled but still in arcwit and stili pulhng
When the fcot switch has been closed to mike the exposure and then
released after the exposure has been completed, the mator reverses re

Fic 4 —F pe tilted 43 toward h 1
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A Patterson B2 fluoroscopic screen 1s mounted m front of the dctector
screens ind behind 1 sheet of standard quality lend glass Below the screen
1s a push button switch labeled “shaft  which operates the change over
mechwmsm bringing the film nto position for exposing

The push button switch located at the top of the handle at the left side
of the gite and Jabeled bis” puts phototimer station II in ciremt re
gardless of the position of the phototimer selector switch Expenence
shows that 1f the examner turns the dial to station II for mking films of
the esophagus dunng the course of 1 routine gastric exammation he 1s
apt to forget to return it to station I after the esophagus films hive been
made Since the bias switch operates only while the operators thumb s
on the push putton the phototimer returns automatically to stition I as
soon as the push 1s reletsed

At the top of the left hand support column above the selector switch
1s 1 push switch lnbeled FL Timer Ext 60 sec” When during the prog
ress of fluoroscapy the mit imer on the control stand (see Fig 6) shuts
off the operator may obtun an tdditional one minute of fluorascopic tume
by pushing this switch which energizes 2 thermal relyy paralleling the
five minute timer

TILTING MECIIANISN

The left hind support column also holds the switch for tilting the fluoro
scope (Fig 4) Tilting 15 done by 110 volt single cycle 1¢ motor con
nected 10 the table through a fncbon cluteh and 2 worm dmve When the
switch 15 1 the central position power 15 off With the switch i the up
ward position the tible tilts toward the honzontal 1t a rate of 90° i ten
seconds when the switch 1s thrown downward direction of tilt 15 rexersed
wd the table 15 brought to the vertical posiion Regardless of the direc
tion of travel when the switch 15 returned to the centril position nd a ¢
power 1s disconnected de from 4 dry rectifier power pack 1s supplied to
the motor windings for 1 fraction of 1 sceond providimg 2 dynamic brake
to prevent costing

FILM TRANSPORT
At the nght side of the gate there 1s a small green pilat Light that goes on
when the currnige has retumed to zero after the fourth (aposure To the
left of it 1s a fuse for the circuts n the gite Near the lower nght hand
comer of the gt thure1s 1 five position mdevng switch wluch dy inces
automatically clockwise as exposures e made and 15 reset manually

With the indeung switch it ats extreme counterelochwise position  the
machine 1s ready for the first exposure 1nd 2 Juminescent dise Mlurminates
a single dnll hole in the cover of the gate Whan the shift push button 1s
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then depressed the carrnge motor 15 energized  solenoid operated pin
Mo Insesn the curmge track and the film cimage mosves rapidly from
its zera posttion to the left stopping wath its first hlm frame centered at
the window After the carnnge his beun arrested by pin No 1 3t 1s held
there by the mator which is stalled but still in creewit and sull pulling
When the foot switch has been closed to make the exposure and then
released after the exposure has been completed the motor reverses re
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Fic 5—Control pel 1 ath functions of most components ndicated by labels Fne
rectangular meters  Left upper radiographic halo oltage left fowwer radiograplie mullt
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turmng the carnagy to its zero position and ady meng the mdexng swit h
one step so that the 1 dise now 1ll tes two holes in the
front cover 1t the gite The motor 1s now stalled igam but this time 1t
exerts its pull in the opposite direction and holds the cimage i the zero
position

After completion of the fourth cxposure the indexing switch moves to
the fifth position plicing the Jumnescent disc behind = large hole m the
cover lighting the green pilot hght and disconnecting the shift push
button The aperator now removes the exposed film from the carnage
substitutes a fresh one and resets the wndexing switch manually Al of
these aperations being feasible with the gloved bnd

While the film currage normlly returns to its zero posiion automat
cally when the foot switch 1s released 1t 15 sometimes desirable to return
the carringe without making nn exposure for this purpose a push button
has been provided 1t the left side of the gate Above this return push
button 1s the motor for reciprocating the gnd

THE X RAY TUBE

We use currently 1 Machlett Dynimax No 46 wath twin 15 mm focal
spots and 1n auxihary blower Fluoroscopy 1s done at 90 kv and 3 mn
with the anode rotor pulsed for two seconds out of everv thirty seconds
Films are made at 904y and 150 ma with the roter ronming continuously

amperage ri hit upper fuorescopic kilovoltage n it fowes fluoroscopic millamperage
top center millampere second meter put in circust by push button beneath 1t

Lower left round dial valve tube test meter employed at beginning and end of day s
work to test intactness of the four valie tubes i lf\e \ ray generator Actually thisis a
dec milliammeter wired m series with the ac mulhammeters but normally shunted out
by small push button switch located beneath 1t When all four valves are mntact and
machine 15 ope rated with test meter in circurt needle vibrates about 0 If one or more
of the yalie tubes 15 non conducting necdle deflects to the noht or the left

The round dial in the center 15 a time recorder emploved only for calibration of
machine

Small rectangular Bikelite panel Fclow time recorder carmes five switches identified
as follows from observer s left to night Switch 1 panel hght switch When this swatch
13 closed and motor timer 15 1 circutt pinel hight burns but goes off automatically when
machine 15 swatched to phototimer Ordinanly motor timer 15 used only for testing
but on those rare occasions when one does chnical work with the motor timer 1e re
moves cap from switch 1 and tumns the panel hght off Of course he must remember to
turn 1t on ngawmn and replice the cap for normal operation Switch 2 15 the timer selector
switch for changing the michune aver fram motor tiner o phototimer Switch 3 puts
the time recorder m cwrewt for calibrating Switch 4 1s a_double pole double throw
spang return change-over switch In normal position maclune 15 on fluoroscopy but
when switch 1s held 1n the “down position machme 1s on filming setng Switch 5
push button-exposing switch Except for testing and calhbration change over and ex
posl‘nﬁ are accorplished at the fluaroscope by means of a push button and the foot
switc]
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THE FLUOROSCOPI STL1

Such 1 trvaal thing 15 1 poorly designed fluoroscope step ean waste the
time of the exymmer contnibute to his fatigue nd reduce the valdity of
tus findmgs In commcrenil mstruments steps can be attached at varous
distwnces from the bottom of the fluoroscope but this requires unloding
the pitient 1 pracedure so Inbonous that it seldom 1s employed Instead
the step usually remams At its lowest posttion and the cxamner whether
he he short or tall adjusts Ius ey level to the haght of the patient by
wdjusting the height of Ius steol Manufacturers who cater to our col
leagues the dentists and our profession s ancient rvals the barbers hue
considered 1t importnt to provide those workers with fraltties for adjust
mg their subjects to 1 comenent working level and we have provided
ourstlves with the sume comvemence (Fig 6) The loc ation of the step is
controlled by 2 switch on the nght hand support column which operites
thy dhaulie prston ta move the table top and the ttiched step 1 mamum
distuice of 8 i With the swatch in the central posiion tble top and
step are fixed Moving the switch handle upwud cnergizes the motor of
1smll pump delnering ol to the bottom and removing 1t from the top
of 4 hydrlic evlinder Moving the swatch handle downw ard reverses the
direction of motor rotition and a1l flow  dnving table top nd step down
ward

Careless doctors md techmerns occasionlly allow the exunmners steol
or other furmture to be pushed into the pith of the fluoroscope 1s 1t 15
bemng tilted up from the honzontal position with resulting dimage to
stool and fluoroscope nd alwrm 1f not injury to the patient If our nstru
ment 1s tilted 1n this careless manner no hum results becwse 1s the step
makes contact with the stool 1t ngles fornrd 2 fow degrees relewsmg a
normlly open microswitch 1t the lower end of the table top and discon
necting power from the tilting motor

Eight inches of step trwvel 1s adequate for all but the shortest adults
for them wd snll cluldren 1 wooden steol 15 pliced on top of the hy
drulically drrven metal step

FHE BARIUM \MINTURE

It 15 more than forts v¢ ws smee bartam sulfate replaced msoluble bismuth
salts for the opreificition of the Wlimentary tract but even todyy there s
no umformly aceepted tormuly for banum mntures Some hwe urged
that the best mixture 1s birnum sulfate wnd water but there are serious
practicil objections to this with fow ady intges Commerartd vendors offer
1 greatvanety of brands nd proclum the ments of ths or that comnna
ton of vilucle flnormg colorng ind perfuming but 4 single Amenican



Fic 8 —The fluoroscope step with table rused to upper hnut of travel by the hydraulic
piston i it Step has been nilted forward to epose mucroswatch at lower edge of table
top and relationship b tween notel ed block heavy support pn and hghter retaimng pin
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manufactuning chemist produces ilmost 1l the barium sulfite used i the
United States and most compounders of muxtures buy therr banum from
this source Adverttsing clums for special processmg  rdjustment of
graun size  control of surface tension and so on have hittle or no basss
m fact In straming for distinctive flvor and aromn gross overfinormg
sometimes results and most patients are resigned to the belef that dis
tastefulness 55 an untyordable attribute of all banum mixtures We com
pound our own barum mixture and with few exceptions our patients
find the drink actually palatable

Our mnufrcturing pharmacy buys US P banum sulfate m 250 pound
drums and 1s a flivorng nd suspending medium employs a sml
amount of a dry cocon muxture sold by the Nestlc Company under the
brand name Quick (Dutch process cocon sugar lecithin as «n emulsifier
vamllin and other flivoring) Bavum sulfate €0 per cent by werght 1s
mixed with Quick 10 per cent by weight nd four pound lots of this dry
mixture are put up m paper bigs Added to three quarts of water the
contents of one big makes enough barum mixture for ten patients Our
dispensing muxer (Fig 7) produced 1n our expernimental shop consists
of 2 vanable speed stirnng blade and 1 stunless stcel pot with a dispens
ing valve m the bottom Without the ud of tools 1t may be completelv
s ssembled for its duly cleaning and sterihzing

A few muinutes before work starts each mornng the technici n measures
three quarts of water into the pot dumps mto 1t 1 four pound bag of the
dry barum muxture and starts the stiring blade at high speed reducmg
it to low after 1 few minutes

Instead of the gliss mugs thit formerly took up much spice and re
quired much dishw 1shing, we now use disposable paper cups in stainless
steel holders and fleuble paper drmking tubes have supphinted tubcs of
glhiss or alwmnum For the mitinl mouthful of binum the techmenn
measures 30 cc of the mixture info a paper cup and when this has been
druned by the patient she fills the cup to within approumately ' m of
its top the wmount bung something morc than 250 cc After ten patints
have been eximined she diseards any balwnce remuning 1 the pot dds
three more qu rts of water and nather by, of banum muxture and wathin
4 few minutes 1 the dark nd without nterruptng the flow of her other
work or that of the ridiologist she 1s redy to proceed with the next fen
ptients

At the start of each d1y s work the technician makes up bout 250 cc
of bnum conststing, of three p irts of the birnum mixture nd one part of
water for the oceasionil case i which the cximmer calls for thick bant
um” for speart] examinations of the csophagus



Fic 7 —The banum suspension apparatus On the work surface left to nght four
pound bag of dry banum-cocoa misture paper cup in metal holder one-ounce measur
ing glass and two-quart enamel steel measurng pitcher Attacl ed to baek panel paper

*enser and motor-dn en banum mixer
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These arraingements sunple s they e are mmportant time savers for
technicians working in the dark and responsible for many other details
which do not lend themselves to mechanical simphfication

ROUTINE OF EXAMINATION

Our student ridiologsts e required to follow a stereoty ped routine unti]
they have convineed us that it 15 safe to allow them to improvise but our
more experienced exammers employ mnumerable vanattons even for
normal patients and all of us vary routine to meet special problems as
they anise The general plin 1s to begm with 1 small amount of baum
and with the 2 d of gravity and the palpating hand employ 1t alternately
to cont and Rll v wrious segments of the gastric mucosa fluoroscoping and
flming 1s we go Following this the full 250 cc of barum mixture 1s
meested and the closing phases are concerned with the bulb and the
second portion of the duodenum Rarely do we make less than eight
frames or indinadual exposures twelve 1s perhaps the most common num
ber and occistonally there may be sixteen twenty or even twenty four

The patient scheduled for X ray exummation of the upper <hmentuy
tract abstams frem food or hquds after rmdmght and presents himself t
erght the following morning As he stands with lus back agunst the table
top and faemg the screen and the exammer a rapid survey 1s mide of
thorix and abdomen if this 1s negative he takes 30 cc of barnum mixture
mto Ins mouth and swallows 1t when so mstructed The exammer wtches
the bolus pass through the esophagus wto the stomach 1nd then with the
lead rubber gloved hand he manipulates the abdomen to smear barum
over the gistric muco a and mix 1t with any flmd that mry have been in
the stomch Usually the wntrum nd bulb are not exaummned n detul 1t
this time but 1t 15 well to 1dentify them Occasionally 1 bulb that fills
rexhly erly in the examination will be recalaitrant Inter

Now the pitent 1s turned into the Iateral position hrs nght side agamst
the table top After the table his been tilted to the horizonta! he rolls onto
tis back The purpose of this manenver 1s to cott the mucosa of the distat
half of the stomich with barnum first and then to trap «ur n that portion
It 15 well to proceed rapidhy wath filmine before gastrie secretion dilutes
the banum that s been deposited on the mucost

The pitient now tikes the drnking tube into his mouth wnd on sign al
from the exvim ncr swallows three mouthfuls while films arc being made
of the esophagus nd the fundus Wath the patient first on Ins back then
m the full prone and prone abhque posittons the remunder of the hanum
15 mgested and fluoroscopy nd filming of the esophigus stomach and
bulb are continued Finallv the pattent 1s tilted to the ercct posiion so
that air will balloon the fundus and banum wall fll the body antrum and
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bulb with a gravity level at the boundiry between mr and binum The
examiner now ctrefulls examunes every portion of the stomach d bulb
pilpating deeply with his gloved hand with |roze corerid cotton pads
or with the balsa wood compression block It 1s now that the antrum bulb
and second portion of duodenum are usuallh most esils seen and flmed
with 2nd without compression Figure § shows twelse frames of 4 normal
stomach and bulb Figure 9 three rimes of 1 normil bulb

Y R4) FINDINGS IN PEPTIC ULCER
ESOPHAGFAL ULCER

Ciremoma diserticulum varices chemucil stncture forcign bodies nd
cardiospasm are the condittons for which most N\ r1v exumnntions of the
e ophagus 1re done Peptic ulcers are seen only rarelv The case )lustrated
n Figure 10 15 that of 2 58 year old womin who hrd 1 duodenal ulcer
with pilorie obstruction so severe 1s to Tequire gastroenterostoms As
result of frequent attacks of vormting 1 peptic esophagitis had developed
wd this cwsed severe esophigedl sticture Enventually a small uleer
crater developed i the stenoscd segment of the esophgus

Palpation and compression so useful in gastric and duodent! ulcer e
mmpossible i the esophagus rotition gravity persistence and above
everything else lucd are the rmdologists anh recourses

GASTRIC ULCER

For approumatcly twenty years the \ r1y examination completely over
shadowed all other diagnostic methods for detecting ulcerition of the
gastrie mucosa 1nd for differentrating between bemgn uleers nnd ulcery
tlon m gastne neoplasms For anather twenty years it shired these respon
sibilitics with gastroscopy more recently 1n the matter of differentiation
eviohative evtology has joined the team Proponents of exch of these three
methods understandably hne gone to considerible effort to weigh the
relative dependability of each but cirned too far this induces rvalry
nd ntroduces guessing and playmg the percentiges When httle other
than \ ray was mailable the riciologist was morally bound to push to
the utmast hus efforts to establish nat anly the existence but also the ¢xtet
Mature of gastrie lesions but today he serves best when he letves to gas
troscopy and cytology those judgments that they re ble to render with
relative ense and dependnbtlity wnd concentrates on judgments which are
easter for him than for them

Theoretically % rvy differentiztion between bemgn peptic uleer and
ulcerahng gastric neoplasm 15 1 stmple matter but n prictice it frequent
Iy 15 difficult and sometimes impossible In theory the crater of @ bemgn
beptic ulcer 1s sphencal or tongue shaped protrudes beyond the serosa
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These arraingements stmple as they are are importwnt time savers for
technicians working 1 the dark and responsible for many other detals
which do not lend t! Ives to meck 1 lificrtion

ROUTINE OF EXAMINATION

Our student radiologists are required to follow - stereotyped routine until
they htve convinced us that 1t 15 safe to allow them to improvise but our
more experieneed exammers employ mnumertble vanations even for
normal patients and 1l of us vary routne to meet special problems as
they anse The general plan 1s to begin with 1 small amount of bium
and with the 1 d of gravity wnd the palpating hand employ 1t alternately
to cont and £ill vanous segments of the gastric mucosn fluoroscoping and
filming 15 we go Followmg this the full 250 cc of barum misture ts
mgested and the closing phases are concerned with the bulb nd the
second portion of the duodenum Rarely do we make less than eight
frames or indivtdval evposures twelve 1s perhaps the most common num
ber and occisionally there may be sixteen twenty or even twenty four

The patient scheduled for X ray ex of the upper alimentuy
tract abstuns frem food or hquids after midmght and presents himself
eight the following morning As he stands with his back 1gunst the table
top and facing the screen and the exammer a rapid survey 15 made of
thor1x and thdomen 1f this 1s negative he takes 30 ce of baruum mixture
mto his mouth and swallows it when so mstructed The exammer wtches
the bolus pss through the esophigus mto the stomach and then with the
lead rubber gloved hand he manipulates the 1bdomen to smear bwum
over the gastric mucosa 1nd mix 1t with any flud that may have been
the stomach Usually the antrum and bulb are not examined in detul at
this time but 1t 1s well to 1dentify them Occastonally 1 bulb that fills
readily erly 1 the exammation will be recalertrant later

Now the patient 1s turned into the lateral position hus nght side ag unst
the table top After the tible has been tilted to the horizontal he rolls onto
his back The purpose of this maneuver 1s to coat the mucosa of the distal
half of the stomach with binum first and then to trap 2ur o that portton
It 1s well to proceed rapidly with filmme  before gastric scerction dilutes
the banum tht has been deposited on the mucosa

The pitient now takes the drnking tube 1nto his mouth and on signal
from the exam ner swallows three mouthfuls while films arc bang made
of the esophagus and the fundus Vath the patient first on his back then
in the full prone and prone oblique posttions the rem under of the barum
1s mgested and fluoroscopy and filming, of the esopbagus stomich d
bulb are continued Fally the patient s tilted to the ercet positton so
that ur will balloon the fundus and banum will fll the body ntrum and
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Fre 9 ~Normal duodend bulh A vorma} bulb Hled view The shill and diigence of
the exananer are important 1 obtyming ood flms of the bulb but wath anatemy us
f1 orable ns they case the makir e of good Alms 1s easy Even here howeser one cannot
he sure of the absence of 2 crater uatid a compression view s mude {se Fig 28}

A compression viev (nut the sume paent as m A) Normal mucosa no erater or
uhstrwtion € e vew (sl anothes case) The duvdenst bulb w ually sach & defimte
enbity £ the radolor t 1 much less senl ta the sa7pron and pithologut and sumetimes
hicks even radilogs cxstence Its B3 €15 2 zevuine  natowmedt structure namely the
ttestir al side of the palorie muscle but #ts 3pee so ol s17us 10 thess three \ ray views
lacks an anatomical counterpart Oimsm“&(; the sxhologut sees the banum flkd
bulb only momentinle 3 1 feetiny, phase of Lastisc emptying, and sometimes Fe ¢
be content with air views such as this one
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Fic 10 ~Esoplug, ol ulver 1n puptt esophaginis 4 severe stenosts lower third of
escphagus fullowin vomiti vg due (o stenoving duodenal ulcer B nd € six monthe bater
1 ¥ 2 mm ulcer or tern stenvsed segment

Py



Fic 8 =Norml twuch ind duodenal bulb Top rcee body and intrum scen an so-
called muco af rehef by virtue of bunm smeared muc 1 contry ting v ath trapped
air fundus and ¢ ophugus 1 nm filled views

Second rore pitient tinding By antrum and bulb e Flled ur Fllxns the
fundus and there 3 a gra sy 1vel at the junction between barium ind wr

Therd rore emploving varvng, degrees of ratation and compres 1on antrum bl and
sceond portion af duodcnum are sisualized

116



Fic 13 three benty, Fraters seop M myegg, telef p Sme Elleg Views and
Cayea bter p ine vears ) yper the crateps hneiealed
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shows hittle er no infltration of the base and hittle or no interuption of
the mucosal pattern except within the crater ttself Under antaeid manage
ment benign craters usually heal and if they recur 1t 1s frequently 2t 2
new sitc When gastric neoplasms ulcerate the craters tend to have ireg
ulir shape are usually withdrawn mto the lumen of the stomach and are
located m intraluminal masses of tumor tissue These tumor masses shifen
the gastric whll about the crater and mterrupt the mucosal pattern for 4

Fic 11 =Smll benign gastnic ulcer The craters of gastric ulcers frequently are smll
1nd most commonly he 1long the lesser cursature of the body of the stomach This ont
meisures 3 X 10 mm In ticws A and B the pitient has heen rotited to bring it mto
profile In C 1tis secn en face The radiologist called the lesion bemtn but the surgeon
fong miligmines. did 1 partil gastrectomy Histologically the lesion w1s found to B
benn

vamble distance bevond the criter Of course hyperacidity 1 unusutl
n gastric neoplism but when at 1s present nd when mtiend thempy
followed by heiling of a eriter the recurrence s usually at the ongmel
site But mnflunmitory roaction about 1 bemgn criter may produce
N ruy apperanee ndistinguishable from neoplistic infiltrstion and very
small ncoplisms may ulecrate leaving only microscopie restdun of tumor

Small solitary erater —When an ulcer 15 small and soltany protrudes
beyond the scrosy nd s normal appeanng mucosa about 1t the AR 4
drignosisis “bemgn uleer ind usually this proves to be correct (Figy 11)
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interists continue to disagree s to whether benign gastric uleers ever
undergo malignant deg tion 1t 1s mized by ll that small neo
plasms may ulcerate so promptly and so completely as to produce a radio
graphic appearance 1dentical to bemgn gastne ulcer Furthermore a pa
tient with 2 bemgn gastne ulcer may have 1 small neoplasm as well and
there seems to be statistical proof that pitients with chronic gastric ulcers
are prone to develop gastne neoplasm In the case illustrated 1n Figure

Lo

Fic 14 ~Heabng of a bemgn peptic ulcer V1ew A 15X 85 em ulcer crater on the
lesser curvature B one month after irradiabion and antaaid therpy  the crater 1s much
smaller C five months after the first examunation the crater has healed but there 1s
persistence of mucosal scar

15 a large bemgn appeanng crater protruded from the lesser curature
of the stomach just proumal to the incisura angulans Two months later
1t had healed completely but meanw hile exfohative cytology had become
positne Therefore a few days after the making of view B a subtotal
gstrectomy was done The pathologist reported superficial carcinoma mn
the region of a chronie gastne ulcer

Neoplasm develeping i old ulcer site —In the case Mlustrated in Figure
16 a 47 vear-old male developed a shallow 1 em ulcer crater on the lesser
cunvature side of the bodv of the stomach which healed under manage
ment Seven years later a 25 X 35 em ulcer crater was found at al
most exactly the same site on the lesser curvature of the body and there
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mon when acute ulcers were pt to go undmgnosed and untreated until
symptoms of obstruction brought them to hght Certunly the finding 15 1
ranty today

Healing as an ndication of bemgnancy —The ulcer criter that heils
promptly under antacid therapy 15 not m ariably but vsually bemgn At
the first examination of the case ilustrated 1n Figure 14 the crater on

Ir 13—Gastric uleer producng hour glis deformity  Veew 4 3 X 6-mm uleer
erater at lesser curs ature of the stom ich m a woman givin,, 1 one e bistory of medent
and cramping, abdonunal pam B four manths after in titution of medical tre tment
the crater has healed but deformty perasts

the lesser curvature of the body of the stomach measured 35 ¢cm m diim
eter wd 15 em 0 depth and there w s more than 1 httle reson to foar
ncophistic ifiltrition of the gastne wall about st However the patient
w s grven « trad of wtiad therypy  nd withm one month the crater was
greatly reduced m size nd mucos il folds passed dircctly into st ndicating
that the mfltration had been inflimmatory rather than neopliste. Pive
months after the first eximnation he ing was complete lewang mercly
1 puckered scar 1t the lesser curyature

Healin,, as a musleading factor i mali_nancy —While surgeons wnd



Fic 16 —\copla m developing i old vlcer site A bemgn appeanng crater. which
under management healed View B seven years later a huge 25 X 35 em mahgnant
laoking crater lies retracted mto the Jumen of the stomach 1t the old ulcer site C one
month after B and following irradition of fundus the crater his healed lewmng
puchered scar (Subtot 1 sesection one month liter agam showed neoplasm )

Fic 17 A lwge benign peptic ulcer The crater measures § cm 1n duamcter and has

a halo at aits base nterpreted by us as neoplasm Subtotal resection showed 1t to be
nign

e [}

-
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seemed to be neoplistic mfiltrition of the wall about it Howover the
referring physician believing the lesion to be bemgn put the patient on
wntieid therapy and iridiation of the gastric fundus One month later the
ater had healed but with persistence of 1 puchered se1r and m the
meantune the evfolitive eytology had become positne At the time of
subtotal rescction 1 few days Iater the surgeon behieved he was dealing

[

Fic 15 ~Mihgoncy in 2 healed peptic uleer View A 15X 15 ¢m uler crater
protruding, besend the margm of the serosy at the lesser curs iture of the stomich B
t o months later crter has healed but subtotal gastrectomy shows neoplism

with a bemgn ulcer wnd onhy t microscopy was the milign it nature of
the lesion cstibhished

The fact that the crater of an ulcer 1s lar,e does not proce that i 1s
malignant —While 1t 15 true th1t most bemn ulcer eriters arc relatnvedy
small d that most of the large criters we see represent ulcerition in
neoplsm large sizc alone does not justifs 1 diagnosts ‘r.)f malignaney In
the casc of the 65 vear old male dlustrated in Figure 17 there had blom
symptoms for threc months An enormous § em ulecr eriter was found on



Fic 16 =N\ecph m developing i ofd uleer ste A bemgn wppeanng crater which
under minagement healcd View B seven years later a huge 25 X 3 5-em malignant
Jookiny, erater hes retracted snto the lumen of the stomach at the old ulcer site C onc
month after B 1nd following wradiation of fundus the crater his healed kaung a
puckered scar {Subtot ! resection one month liter 1gun showed n oplasm )

}
{
|
i

Fi 1~ - A Tuge bemgn pe[!lhc ulees The criter mestires 8 cm 10 ditseter wnd s
a hal ar ws base ntarpreted by us as neoplasm  Subtotal resection sha ved 1t te be

B
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Fic 18 —A bemgn gastnc ulcer that looks malignant A crater 15 X 8 em at lesser
cunature of stomach m a 50 year old male At subtotal pastrectomy the lesion was
found to be beragn
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the lesser curvture of the stomach at the meisura angulins It was so
Iarge m fact that 1t was difficult to get 1t onto our small films We
assumed that the condttion w1s ulcerating neoplasm 2nd at operation five
days Iater subtotal resection was done but microscopic examination
showed that the lesion was bemgn

Falure of ulcer crater to protrude beyond the normal margin of the
stomach does not absolutely establish malignancy —In the cse illustrated

: N T
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Fic 19 —4 bemgn ulcer crater suspected of bemg maliynant because of location m
antrum A without compression B with compression

m Figure 18 the large 15X 3 cm ulcer crater on the lesser curvature
of the body of the stomach fulfils practically all the X r1y critena for
mahgnancy It 1s withdrawn into the body of the stomach rather than
protruding beyond it the surrounding gastne wall s stuff and the mucosal
folds do not extend nto the crater Not only did the radiclogist eall 1t
malignant but at the time of operation the surgeons preoperative and
postoperative diagnoses were neoplasm Only when the tissue was exam
med was the bengn nature of the lesion established

Ulcers located within the pyloric antrum frequently but not invanably
are malignant —In the case illustrated m Figure 19 a 50 year old woman
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wis found to hne 1 15X 2em uleer eriter i the pilonie antrum
The \ r1y findings were compitible with bemgnaney but mahgranes 1
s0 common 1n the wntrum that the radiologist w1s not willing to call the
leston certunly bemgn Partial resection was done the followg du and
microscopy estiblished the benien niture of the leston v
Location on greater curvature not a dependable cnterion of malignancy
—It 1s true thit most bemgn gistric uleers occur on the les er cur ature

Fic 20— benign crater on greater cunvature of stomach A flled view shoy mg
15x2cm criter B compression views mucosil fold extend without obstruction
mto the crater

of the stomach and that 1t 1s not particul itly uncommon to find ulceratng
neoplisms on the greater curs ature but only by false logic does this lexd
to the concluston that any ulcer crater encountered on the _reiter curva
ture by virtue of that fact 1s milignant In the cise dllustrated i Figure
20 a 15X 2em uleer erater projectcd strught downward from the
honzontl portion of the greater curature of the body of the stomach
with mucosal folds projeetin., directly mto 1t and without v cssdence
whatever of 1 collar of neaplism or even mflimmaton tissue bout the

neckh
One of our jumor ridologists tscalled the lesion malgnant presom
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1bly because of its greater cunvature location perhaps for tns reson <t
the time of operation a week Iiter the preoperatne drignosss was malig
nnt gastne ulcer A subtotal gastrectomy was done wd At gross wnd mt
crascopic exumnation of the tissue no neoplism w s found
Uleer crater sunulating diverticulum —1t 15 not often that the crater of
2 gastne ulcer 15 difficult to differentiate from 2 dnerticulum but the
difficulty does occur In the case tllustrated m Fignre 21 dignasis would
10t have been easy of the only examination had been thit of view B Ths
58 vear old male had no demonstrible lesion m the fundus or along the
lesser curviture of the stomach at the time of the Brst examination when
view A was made A month later he had developed « small ulcer erater
ih up on the lesser curvature over a penod of six months durmg which
num-rous exammtions were done the lesion grew lauger View B was
wpproumately ewcht months after stew A and the enormous 28X 3em
crater fooked £ 1r more hike 2 diverticulum thn wn uleer erater \ ray ther
1py was wdded to anticad treatmoent nd the crater dummished rapudly w
size when view C was mde two months after view B st had distppearcd
completely Of course a lesion winch develops and then disppears can
not e 2 diverhiculum View D shows 4 genmme diverticulum o wother
prbent Note how closely 1t resembles the ulcer crater of B
Gastne diterticulum —Surprsingly enough 1t 15 e1sy to overlook 1
diverticulum at the fundus of the stomich even when 1t 15 large In the
case Allustrated m Figure 22 a 25 < 3 em dwverticulum at the lesscr
cunvature of the fundus close to the lower end of the esophagus was first
suspected and then dismi sed by the fluoroscoprst at the first reading of
the flm shown m view A Another exwminer detected 1t however and
arranged for addition il raying four diys Iater View B shows the duertic
ulum retamning, some of the bartum admimistered four days earhier view C
shows it filled with new bainum and well visuahzed becuse the patient
s heen rotated to bnn,, 1t nto profile Gastne diverticula seldom pro
duce symptoms or require treatment but of course 1t 1s emb wrrassing
to overlook them
Retention of barrum i gastne dicerticulum —In the case llustrated
Figure 23 an enormous diverticulum overlooked at gistne examination
was detected because 1t sull contamed binum at the colon examination
on the following dvwy View A shows 2 3 < 5-em  egg shaped mass
contymng food and barmum which was seen im one of the colon flms
Fallowing this lead the gastne exammntion was repeated View B shows
a huge 5> 6em  diverticulum extending, durectlv postenor from the
gastne fundus t the pomt where the esophagus enters It was not filled
when the patient was m the stainding position when the patient was re
cumbent the dnerticulum was filled but 1t was obscured by the fundns



Tic 21 ~Ulcer crater smnuliting civerticulum A normal fundus and body of stomich
B sime region eight months lter 125 X 3 em ulcer erater o appeared Ve € two
months after B crater his healed completely D inother patient with a genume disertie
ulum in the sime region



Fic 22~A a penmne pastnc dnerticulum nor tsophigenl onf e putith misked

by oscrlying pasts of fundus B four divs Iater « ith paient evect retuned banum n
the diverhenlum as umes 2 gravty T ael © dnericufun filled with new biem

%\

]
:
A
3% view from olon flm shosar . barim setaned 1n huge grstne dnertic-

T
ulum twenty four hours after gustne examunation B exghteen s later  enormous

dnverticulum that fills only watl paticat recumbent 1nd 1s seen only as he 1s turned nto
later i position
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1t showed up only s the patient was rotated mto the full lateral position
Thus 1llustrites the importance of turmng the patient nto various post
trons

DUODENAL ULCER

In more thin half the pitents submitting to X ray examimnatton of the
upper ahmentary tract the normal duodenal bulb fills rendily with the
barum miture and retains 1t long enough for adequate filming but some
times the filled phase 1s very buef and occasionally there 1s no differentia
tion at all between the bulb and the second portion of the duodenum In
2 typreal normal N ray (see Fig 9 A) the distal surfice of the pylone
muscle produces  clean cut honzontal base to the bulb and the down
ward turn where the supenor and descending portions of the duodenum
meet forms 1 sharply rounded apex The long 1us from base to apex may
parallel the spine or be angled toward or away from 1t and the bulb mvy
lic beneath the ribs where 1t 15 1n1ccessible to palpation or well down m
the "bdomen where palpation 1s easy In the erect patient the best view
15 usually obtuned 1n the first oblique position where the patients right
side 15 rotated shghtly toward the screen but sometimes the reversed or
second oblique position 15 better and occasionally the bulb 1s thrown free
from neighboring structures only 1n the full Interal position

For many years the Xray dragnosis of duodenal ulcer rested on the
demonstration of deformity writabihty  and ob truction but since the
publictions of such workers 15 the late Ake Akerlund the direct visualiza
tion of the crater has become the principal aim of the exammer* In 2
severely deformed bulb peupheral scar pockets muy, simulite craters
particulrly to the mevperienced exammer on the other hand = frank
crater m an undeformed bulb may escape detection if compression 1s not
emploved (see Fig 26 B) The mere mability to obtam films of the filled
bulb 15 no longer interpreted as evidence of ulcer deformity deformity of
a charactenistic type must be seen When deformity produces severe ob
struction that fact 1s obvious to the radiologist but judgments as to the
degrec of mcomplete obstruetion should be rendered and accepted
cautiously

Duodcnal ulcer with crater i deformed bulb —The cise illustrated m
Figure 24 15 that of 1 82 vear old male With the patient m the second
oblique posttion (A) an enormous ulcer crater is seen projecting from the
postertor wall of the seemmgly undeformed bulb When he 15 turned into
the first oblique position and pressure 1s 1pplied (B) the crater 15 scen

4 Ake Alerlund ‘The Roentyen Diagnosis of Ulcus Duodens with Respeet to the
Local Direct Roentgen Symptoms Acta radiol 2 14-27 1923
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en face with moderate deformity of the bulb about 1t Three years later
(C) following healing by medical management the compressed buth
shows only residual ulcer deformity at the apex

Uleer deformity of bulb —Some ulcer craters heal without demonstrable
residual deformity but 1 most cses they leave 1 puckered scar which
may be so pronounced as to be visible n 11l phases of filling more com
monly 1t 15 seen best 1 compression Views When deformmty 15 of man
mum grade three or more scar pochets may form at the greater and lesser
cunvtture sidcs of the base it the apex and elsewhere In such eases it
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Fic 24 —Large ulcer crater posterior wall of shghtly deformed duodenal bulb A
the erater 2 em in diameter and 1 ¢m 1n depth s brought into profile by turning the
patient into the second oblique gmmon B the crater en face C three years Juter the
compressed bulb shows only moderate deformuty at its apex

may be difficult to render judgment 1s to whether one or more crater m~y
be present as well In Figure 25 A v central crater in the deformed bulb
of a 34 year old male 15 shown by applying pressure over partially filled
bulb Views B and C made s1x months after vagotomy show persistence
of deformity but disappearance of the crater At no time was obstruction
seen

Ulcer crater in undeformed duodenal bulb —When the bulb 1s unde
formed an ulcer crater 15 easly overlooked unless compression 13 em
ployed In the case illustrated in Figure 26 a 39 year old woman had had
typreal uleer symptoms for three years The bulb w1s completely without
deformity (A) Only when compression was applied was the central 1 em
erter demonstrated (B)
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Pylonc star ~Sometimes when an ulcer crater lies 1n the center of the
base of the duodenal bulb very close to the pyloric canal 1t may be ms
tiken for 1 pylore star, which 1s a fleck of barium that sometimes rem-uns
m the normal pyloric canal after the muscle has closed Figuie 27 C shows
such 1 pyvlone strr i 1 68 year old woman  there was no clmical reason to

Fic 25 —Ulcer crater 1s deformed duodenal bulb A 5 mm uleer crter at center of
typical defornuty demonstrated by apphcation of pressure over partiilly filled bulb
B'ind € six months hitcr the crater 1s healed but deformuty persists

‘
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Fie 26 —Ulcer crater 1 undeformed bulb 1 filled bully witl out compres 1on B
crater demonstrated by compresston
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Fic 2" ~Pylonc star sunulating crater A ulcer crater mn pylone canal at base ol
tulb B three montts later following manigement crater has healed € pyvlone star
no ymptoms of duodenal ulcer The halo about the fleck 1s the contracted pyloric mus
cle D five months later no change in appearance
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suspect duoden:l ulecr and the appearince had not changed when vicw
D was made five months later In nnother cise however the central fleck
scen at the base of the bulb (A) was dingnosed s crater and three months
Ihter following minigement and the subsidence of symptoms the fleck
had disappeared (B)

Camcidence of gastric and duodenal ulcer ~Infrequently these two le
$10ns re seen in the syme patient In the ease illustrated 1 Figure 28 1
46 v old male had both an 8 X 8 mm gastric ulcer protruding from
the lesscr curvature of the body of the stomach just proumal to the m
cisury angulis and i ddition 1 typieal residunl uleer deformity of the
duodenal bulb without crater or obstruction Following four months of
medien] management the gastne ulcer hid healed without lewing a de
formuty but the dcformty of the duodenal bulb wis unchanged No
special dingnostic problems are mvolved m such cases if one woids the
tendency to be sitisfied with the findimg of one leston without looking
cucfully for v sccond

JHJUNAL ULCFR

Following subtotxl resection of the stomach X ray exammat on becomes
morc difficult because the birium passes through the stoma into the s
terrosed jejunum The evimination berm with the patient 1ecumbent and
mge ting sml imounts of thick barium but sometimes 1 erater wall ful
to fill until the prtient s erect nd the g1 trie stump has been well filled
with the o1d nary barum muixture It seems logicnl that i connection wath
the nastomosis blind pockets might be left which could 1ctun binum
and simulate eraters of jejuntl uleers but actunlly this does not oceur In
the cise 1llustrited in Figure 29 a 54 vear cld mnle devdloped 1 large
stomal crater which three months followme vagotomy had di appewed
complctely A jejunil ulcer may be smaller than this one or much hraer
but reg wdless of size jejunal uleers do not wipe away under th=p Iptt
mg hwnd

Jepunal wlcer recurring after heal ng by management dis ppraring fol
Iewing tagotomy —Like other peptic ulcers jejunal ulcers m1y heal under
antaid therapy only to recur In the cise lustrated i Figure 30 1 36
yeir old male developed 1 stomnl crater following subtota] rescction for
stenosing duadenl ulcer Seven months later an enormous jejunal ulcer
w1s found but ter wradiation 1nd two months of medical management
st healed There w s recurrence three months later it which time 1 vagot
omy w1s performed Seven wechs after vagotomy the criter hnd healed
wun there had been no further recurrence ten years Inter



Fic 29 —Occurrence of duodenal ulcer and gastric ulcer mn the same patient Veew A
mgeosal relief view of 8 X 8 mm benign crater at the Jesser cunature of the stomach
B filled view mtde same date € same ca e tvpical uleer deformity of bulb (The
gstrie ulcer Fealed sn four montts the bulb defornuty persisted )
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Fic 29—A § junal ulcer before vagetomy B complete disapperrance three months
f Wlowing arotomy
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X RAY THERAPY OF PEPTIC ULCER

If one nccepts Schwirtzs no acid—no uleer dictum and believes that
wrradiation of the gastric fundus will reduce the production of hydro
chloric acid he must agree thit irradiation 1s 1 logical adjunct to antacid
therpy All duodennl nlcer patients treated by us had medical manage
ment before rradintion and contmued with it afterward and the gastric
ulcer patients usually had m addition gastroscopy and more recently ex
foliative cytology to 1educe the danger of overlooking neoplasms among
supposedly bermign ulcers

Fic 30 —Recurrent jeunal ulcer A enormous 3 X 35 em stomnl ulcer B crater
scen best with pitient standing € followiny, medical management and irradiation
complete disappearance of triter D recurrence of criter E approumately se u;
weeks after vagotomy complete disappearance of crater F no recurrence of jejuns
alcer n tenve s f llowing vagotomy

PROCEDURE
Our theripy technque his vaned with the years but for some time has
been about 1s follows

1 Under fluoroscopic control the barum opacified gastrc fundus 1s outhed
1n 1k on the abd 1 surface of the r \! patient and then on the skin
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of the back es he assurnes the prone position m both cases wath Jus anms w the
posttion they willoccupy dunng therapt

2 Rectangular 18 % 13-em portals are ked antenorh and postenosh over
the gastrie fundus

3 ‘Treatment 15 withheld notsd batum has Jeft the ahmentars tract {usually
24 hours}

4 Treatment s gsen duly for 3 total of ten dass except for weekends or other
unarosdible mterruptions and i ans event w5 completed wathin fourteen dns

5 On each treatment dav the raduition 3 debvered through both ports
the dose to the fundus bemg 155 r a das for a total of 1 85D r The fundus is as
sumed to e one thud of the perpendicular distance from the shin of the an
tersar surface to the shin of the badk m the left upper quadiant and eveept in
unusually, obese patients where the postenor dose mav become excessne one
delvers ane kalf the gastnc dase through the anterior post one half through
the back

& Factors 250 RVP 50 em FSD 05 wmm Cu 1 mm Al fher 15 mm
Cu HVL

TABLF {
FFFECT OF IRRADIATION 0% GASTRIC ACIPITY 3%D HEALING
i
oo N ze
Retut  Awty PN Bt e
TH ¢ wht
Less than 50 per cent a3 2 i 3
fare than 50 per cent for less than one year 3y 0 13 32
50 per cent or more Sor one year of more Isf 0 § 0
Tota) 13 z 3 E i 3

N oacd tdesa WM gerar  mmed thy h % ow  Geapy
$iochudes pat  tow thackl hyd

TABLF 2

T INTERY AL BETREEN HEW.
NG AND RECURRENCE

N ool
1ar oo
o1 3
1-3 6
3-8 T
5-11 1z
Tots? 2

RESULTS

Gastric ulcer ~Between 1937 nd 1954 116 patients were treated by us
=83 mules and 23 females Seventy eaght of the 118 were foffowed for five
“eus or more Fourteen of the patients were less than forty years of age
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and 70 were between forty and sinty Before irradiition all had had one or
more recurrences on the usutl wtacid progrim The recurrence rate was
reduced by uradintion there were no recurrences mn 53 per cent of the
patients Of the remunder some had recurrences some required surgery
some could not be followed m only 67 per cent did the ulcer ful to heal
In 43 of the 116 pitients 1 temporary achlorhydria was produccd Dunng
this period all the craters save one healed and no new craters ippetred

Duodenal ulcer —A total of 113 duodenal ulcer patients were treated
by us duning the two veurs 1945 and 1946 nd their progress has been
followed from five to eleven years Prior to uridiation 86 of these pitients
had craters 95 had deformities and 15 showed varving degrees of
stenosis Al had symptoms of actnve ulcer 6 had mntractable pun 72
mght pan with an average duration of symptoms of eight years Results
of rrradiation are summarnized m the two tables

Thrty four patents had 87 hemorrhages before wradution and only
four hemorrhaged after therapy had been completed Three pitients had
perforations before treatment none afterward Of the 118 rrridiated p1
tients 18 eventually had surgery and 8 have died In one of these the
cuse of death 1s unknown In the others 1t was unrelited to the uleer
Three of the 8 deaths were from cardioyascular diseise one from prostatic
disease one from cerebril metastasis presumably from bronchogeme
carcmoma



JOSEPH B KRIRSNER

6 Medical Management
of Duodcnal Ulcer
Current Status

Peptic ulcer 1s one of the mmportant medicnl problems of our time Its
maidence 1s not known preaiselv but i the United States 1t 1s probably
“pproumately 10 per cent The proportion of duodennl ulcer 1o gastne
ulcer1s 4 1 Althourh the ultimate cause or ctuses of peptic ulcer remam
to be demonstrated much 1s known of the nature course and manage
ment of this drsease There no longer exists any doubt as to the cruainl role
of hydrochloric acid 1n ts pathogenesis Effective medical methods of
treatment are 1vulible based upon control of the acid gastric secretion
For those pitients requirmg surgery useful operative procedures have
been developed

Peptic ulcer may be charactenzed physiologically as a q of
the nability of localized areas of the h and duod to withstand
the digestive action of acid gastric juice In gastric ulcer the ontput of
hydrochloric acid 15 normal or low but its corrosive effect presumably

the d hed of the mucosa In duodenal ulcer the

secretion of hydrochlonic wid 1s excessive twofold to fowfold greater than
normal and its digestive capacity exceeds the apparently normal resist
nce of the duodenil mucosa

The hypersecretion occurs at vanous times and for periods of varymg,
durabion—between meals during the mght and after the ulcer has healed

bed Totely A

Tts mecl 1s not establ p lly 1t scems to be

This chapter 15 composed of matenal constituting a report to the Counal on Drugs
Amencan Medical Association published 1 JAV A 166 17.7 Apal 5 1958
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corrclated with an incrensed niunber of panctal cells 1 the fundus and
body of the stomach Physiologicilly lustumine acetvicholne and hor
mon )l factors incIndig gaston from the antrum and ndrenocortical by
perfunction have recaved considerition Present evidence tends to em
phasiee the concept developed by Drgstedt and his colleagues of vagil
hypcractlnt) acting upon 1 ighly responsive gastric sceretory mech1
msm - other factors chermel and humoril probably are 1mvolved also
Peptic uleer ocews only mong mdividuals capable of secreting acid nd
only 1n those ares of the digestive trict cxpo ed to hvdrochlone nad the
lower portion of the csophagus the stomich the fist portion of the
dugdenum the jejunum m 1 pitent gastroenterostomy and m U \Meckels
diverticulum contuning, 1aid sccretng gastne mucosn Most techmgues
for producing ulecrs expenmentally myolve the overproduction of tydeo
chlonic acid or interference with the usuil mechinisms for neutralizing
wd buffcrmg the rad The role of hydrochlone aaid in the pathogenens
of peptic nlcer thus my be compared to that of the essentinl citalyst m A
chemical reachion other ingredients { etiologic factors) are involved the
process but 1 the ibsence of the catalyst (HCI) the reaction ¢nnot
proceed

TISSUE RESISTANCE

A prion tissue vulneribilty locahzed or diffuse should be 1 significwnt
factor 1n the development of pcptic uleer However httle 1s known of the
nature of tissue resistance Alteritions in the rate of regenerntion of ep1
thelnl cells n the mucous barner and m the vascular supply to the
stomnch and duedenum mw be wmpartant ather mechunisms probably
are imvolved but their identity 15 not known

Tn the 1bsence of a specific cause the treatment of peptic ulcer expht
sizes protection of the gistroduodenil mucosa from the digestive action
of hydrochlonc acrd Ths objectnve probably would be accomplished by
meresing tissue resistince However there 15 no sitisfictory proccdurL
for improving the defenses of the stomich and duodenum directly Tht
resistance of the stomich ind duodepum probably 1s enhanced mdirectly
by mnpioving the generil heilth of the pattent by elmimting gastric
mmitants i food drmh and medication (alcohol salicylates) and by re
moving excessive physical and emotional stress

THLRAPEUTIC OBJLCTIVES
"The complete ehmnation of hvdrochlorie aerd would abolish peptrc ulecr
regardless of tissue susceptibility and other possible etiologic fretors
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Howcver no method—pharmacologic medical or surgiea] except total
gastrcetomy—consistently  produces complete and permanent anacidity
hence no procedure per se regularly cures the d\scase Therapy empha
sizes the effectne hzaton or drochloric acid nd
concutrent ehmnation of peptic actnaty The chmcal objectines nre rehef
of pun complete healing of the uleer and the prevention of complieations
and recurrences

DIET

There 1s no satisfectory evidence relatmng the usual peptic ulcer to ab
normal proten metabolism or to a dietetic deficency requining spectil
nutntional supplements Thus there appears o be no scienbific basis m
mn for the use of the preparition Exul Iabeled s 2 maxture of extracts
of cattle argans such as hver brains and adrenals together with dehy
drated milk 1nd crewm choline hydrochlond; and 1
The supplement Sustagen and similar preparations admunistered as 4
dunk or mtragastnic dnp  provide 2dditional calonies and may buffer hy
drachloric aaid however they are not necessary when the mtake and
digestion of food are normil The ulcer patent 15 capable of cating 1
more hibern} diet than has been advoeated m the past Restrniction of food
does not neeessanly eure peptic uleer On the other hand  dietary con
siderations provide 1 useful means of wording or reheving distress for
certn foods may wnitate the gistroduodenal mucosa and contribute to
ulcer pun The dietary mmnigement of peptic ulcer consists 1 frequent
feedings of blind foods v oiding mechan 2l chemical or thermal irm
tants providing adequate amaunts of protems cwbohydrates calories
minerals and itamins nd assising in the neutrilizing and buffenng of
the gastnic contents The diet includes whole mlk plus 22 per cent cream
or Half and Half {12 per cent cream) taken as an equal mixture m quan
taties or 3 or 4 ounces hourly from 7 A to 7 Pt Chocolate malt and
protern supplements may be added if a gam 1 weight 1s desired Skimmed
milk may be substituted if the patint 15 obese In the absence of gastric
retention 2ddition 1! faod 15 admmistered in the form of s1x fecdings datly
The feedings mitially are selected from the following stems cooked
cereals soft boiled cggs toast, butter struned cream soups custirds pud
ings plun cookes Jelio md ice cream After seven to ten days of com
Dlete relief from ulcer distress or saaner in the tbsence of abstruction the
feedings are replaced by a three meal dict consisting of a substantial
breakfast and noon meal and moderate supper a small feeding iater 1n the
g fsois pesmissible The meals are selceted from the following list
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Cereals gram products
Cream of Wheat
Farma

Refined rice
Rice Cnspres
Puffed nice
Rice flakes
Mictrom
Noodles
Spaghetts
Vermucelly
Corn fl Les
Oitmen]

Eggs
Soft boiled
Soft scrambled
Soft omelet
Poached
Soft baked
Hrd cooked

Cheese
Cream
Amencan
Swiss
Cattage

Mk mik products

Buttermilk
Mtk
Cocoa
Ovaltine
Eggnog
Butter
Breads

Vhate bread or plun rolls
Toasted white bre1d or rolls
Melba tost

Croutons

Bread sticks

Milk toast

Biscuits of winte flour
Zwieback

Soda crackers plun ar toasted

Joseph B Rursner

Soups
Consomme¢
Chichen broth or creamed
Vegetable

Crem of nce
Cream of potito
Crewm of celery
Cream of tomato
Cream of asparagus
Crem of mushroom

Fish baked creamed or broiled

Salmon
Tuna
Whtefish
Cod
Haddock
Macherel
Halibut
Flounder
Beverages
Tea
Sank or Rafle Hag
Coffee
Postum
Potatoes
Biked
Mashed
Au gratin
Escalloped
Bonled

Cooked or canned fruats

Bnants

Prunes

Perches

Applesauce

Plums

Apncots

Pears

Biked apples (no shin)
Pineapple
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Rau fruds Desserts

Banan1s Custard
Oranges Flowing1shind
Grapefruit Rice custard

Cooked or canned vegetables '11}-?;‘,2 c{—).“:\i;fn g
Asparagus Cormnstarch pudding
String Bens Plun Jello
Carrots Cottage pudding
Spmach Angel food cke
Sweet potatoes Teehox cake
Pes Plun cike
Tomatoes Ladvfingers

Meats Sponge cake

Crisp bicon Arrow root caokies
Chicken Ice cream plun
Turkey
Beef Aiscellancous
Lamh Jelhs
Veal \Marmalide

All foods should be well cooked and chewed thoroughly Several cups
each of coffee and tea mav be permitted daily The following foods should
be avoided seasonngs spices ment extracts alcohohc and cbon ted
drinks fried or very hot or very cold foods cibbage turmps corn nuts
sausage pork and pork products except bacon

The wntake of ik nd cream 1s decrensed gridundly from hourly to
two hour intervals and ultimately to between menls The bland three meal
dict 15 continued indefimtely with further additions 1s indicated by the
progress of the pitient The casual suggestion to “watch your diet” or
“avoud initating foods 15 vague and meffectual The program should be
outhned clearly preferably m a printed hst of those foods to be eaten
and those to be wvorded

ANTACIDS

The purpose of antacid therapy 1s constant neutralization of the acid
gstre content  The 1deal antrad theoretically should possess these ad
\dntuges prolonged effective neutralizition when admunistered orally 1n

absence of subseq stmulation of secretion no
untoward systemic effects such as alkalosis no cathartic or constipiting
action no interference with digestive or absorptive processes palatibahty
and low cost These qualites are ech desirable but they 1re not of equal
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mnportince Serious tovic effcets would obvite the usefulness of an other
wise potent antaeid A preparation which docs not cause constipation or
diurrhen as still of secondary climical value if 1t has httle or no neutralizimg
action Effcetive neutiilization 1s mamtenance of the pH of the gastne
content between 40 and 50 or hugher at this hydrogen 1on concentration
eid nd peptic activity e practically absent on the other hand healing
m1y occur with less completc control of gastric 2aidity

The 1deal wtiard his not yet been synthesized Neutrilizmg efficiency
1n patients with duoden:l uleer 1s himited by the excessive rate of gastnc
secretion and by gastric emphmg However mwy preparitions we aval
able which neutralize hvdrochlone neid at least prhally releving pan
and facilitating healing The most potent compound probably 1s caloum
cwbonate administered 1 quantities of 2 to 4 grams hourly during the
dvy and evening (7 A3 to 9 pa ) The prinapal disadvantage of cil
cium cirhonate 1s constip ition especially in older patients This usually c1n
be corrected by substitution of the more l1xative magnesium cirbonate 10
amounts requred by the mdividunl eise careful attentron to bowel fune
tion 15 necessary with all types of antreid therapy Therapy with milk wd
cleium carbonate may be complhieated infrequently by the hypercilcemic
syndrome This disorder 1s characterized chn cally by weakness headche
dististe for muilk and food and niwser and vomiung The chemical
fetures are elevation of the serum cileium and blood uren mtrogen and
temporanly depressed renal function This complication 15 more likely to
occur n older patients with hypertension and pre exi ting impairment of
repal function or when rentl physiology 15 disturbed by gastromtestin il
hemorrthage or electrolyte and flud depletion The syndrome subsides
rapudly after discontmuthion of milk nd alkalt and the admrustration ot
1sotonic saline glucose and water

Combmations of calewm carbonite with glvene or calcrum easeinate
do not appenr to offer speeinl neutrilizing advantages AMagnesium carbon
ate 1nd magnesium oxide are potent antacrds because of therr laxatne
effect they are prescnibed chicfly to counteract the constipating action of
the ulcer regimen Trbasic cileum phosphate tribasic magnesium phos
phate m trsihicate vdroude m and ¢l
cium tartrate and dibvdroxy sodium carbonate 1 doses of 2 to 4 gruns
hourly neutrahze gastric tcrdity in v arving degree A proprietary prepart
tion combines tribasic calelum phosphate sodiim phosphate and sodum
citrate

Al hydroude al phosphate nd al carbonate
1n doses of 8-16 cc lone nd 1n various mivtures neutrahze gastric acid
1ty partt ally Therr capaaity to tnactis ite pepsin in vivo seems no greater
than that of caleum carbonate the astringent demulcent and coating
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properties attnbuted to them arc aot open to scientific measurement 1n
mwnr Alerminnm hyvdrovide mereses the everction of phosphate 1 the
feces however the serum clectralvtes are not altered The constipating
effect of aluminum hydroude m1y be counteracted with magncsium tn
siicate or magnesum hvdroude Hyvdrated sodwm tlumnum siheate
“non resetne” aluminum hydroude and tlumunum dihy droxy amino-1ce
tate do not appear to offcr an specnal 1dvantages

Anian exchange resins are hirge msoluble bases wath the eapaaty to ab
sorb the 1mon of an 4ad formung n wsoluble resin silt In the alkahne
sntestinal contents the anton exchange 1s reversed tnd the resun is restored
to its onginal state \ arrous resins alove or i combmation with antatds
we wulable they may lower gastuie acidiy partialhy i man

Bt muth s1lts 1nd hog gastnie muern e no nentralian,, value Sodum
carbovvmethvlcellulose alone or 1 combmation does not offer v spe
el Wyantiges Protetn hydrolysates mas decrease acidity temporanty but
not impressively The ntaerd effect of sodum bicarbonate 1s pronounced
but transient 1t 1 not presenbed because of the possibilits of alkalosis
when taken 1 hge quantities especrally m patients with impared renal
function

Many antrerds are mvuhible also as tablets these preparations contam
alumnum hydroude magnesium trsibicate ealanm cubonate and mag
nestum ouide or magnestum carbonate 1 vanous quantities and alone or
n mixtures these compounds are also sometimes combmed with resms
milk protemns and vitamns Antacid tablets are mferor to powdered or
hqund preparation because of the smaller amounts entenng into reaction
with the hydrochlonc actd however ripidh disintegritng tiblets my
abwtate this difficulty Therr prinapal usefulness 15 as adjunct antacrd
medieatron 1w ay from home or at work their effectiveness 1s dependent
upon adequite dosage A compressed tiblet (Nulacin) contammn,, milk
sobids and 1fhalt (magnestum trsiicate 35 grum magnestum ovide 20
grams caleum catbonate 20 gramns and magnestum carbonate 035
srains) 1s also asmlable The tablet 1s Lept between gum aud cheek and
allowed to dissoh e gradually by continuous sucking ten to s xteen tablets
ths m1y be taken duh This medieation may neutrahize 1ad move € ffec
tnely than standnred tablets but the amounts of antacid are ver, small
The continuous retention of a large tiblet 1 the month mav become a
tedious mitual unacceptable to most patients

Antacids act locithy npon the gistoe contents since they do not mflu
ence the acid secreting cells ther 1 effect is temporary nd
disappears when the medication 1s discontinued The healmg time of pep-
tic ulcer may be prolonged and ulcers often recur so that antactd therapy
must be prolonged The hourh schedule 1s continued until the ulcer has
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healed completely The ntacid 15 then presertbed At internals of two and
three hours and subscquently once or twice betwcen meils and durmg
the cvening mny ptients muntun this Intter program indefimitel, The
dministration of small quintities of muld ntacids mmediately after
mels 2 not uncommon practice 1s impractical and neffectnve smce the
food nlone my ncutrihize 2erd during this period and the interals be
tween medication e too long If ntacids are to be prescribed onh occa
sionally they are more useful sevural hours after meals when the buffer
g effect of food has becn dissipated

Gastric aaidity may be neutralized also by the continuous admmistra
tion of milk and cream and kAl dmimstered through n mtragastne
tube One liter of milk contrnmg 5 grams of sodium bicarbonate may be
admmstered every eiht hours Another solution 1s prepred by miang
100 cc of Alummum hydrosde or Alummum phosphate gel with 300400
ce of wirm tap water 1t 15 admimstered at 2 rate of 15-20 drops per
minute 1500-3 000 cc of the diluted suspension may be gren in twenh
four hours Tood supplements mn be gnen stmluwlh as n addibion1l
source of calonies for the nutntionalhy depleted patient The mtragastric
dnp m1y be muntuned for the twelve hour mght peniod or contimuously
for 15 Jong 15 seven to ten duvs The procedure has been rccommended 10
patients wath gastric by persecretion nd severe ulcer pun not controlled
by ordiniry measures wnd oceasionally 1n the treatment of massive hemor
rhage 1t 1s contrundicited m the presence of pylone obstruction

GASTRIC ANTISECRETORY COMPOUNDS

Duet wnd antacids do not control gastric 1aidity m peptic ulcer completely
or continuoush,  Turthermore many patients e reluctant to continuc
such 1 meticulous progrim mdefinitely  Interest in inticholinergic med
cation 1s brsed upon the theoreticn] possibility of prolonged supmession
of wid scaiction permitting 1 more liberal program  Anticholmergie
drugs interfere with the transnussion of nenve mmpulses mediited n
wetylcholne 1t the newmo effector junctions of postg inghomic cholinergic
nerves Use of the drugs in peptic uleer 1s based upon the concept that
parasympathetic (vagal) by peractivits 1s chiefly responsible for the gastrie
Iy persecretion of duedenl ulcer nd upon the evpectation that these
compounds will suppress the neurogeme mechwism  Actually  other
phases of gastne secretion Wso may be influenced by these agents
Tincture or powdered cxtract of belladonna m mverage doses does not
mlubit 1erd sceretion sigmficantly i patients with peptic ulcer Atropine
sulfite 05 mg (1/120 gran) three or four times duly by mouth s par
¢ lly effcetne the sime dosie ynven intramusculwrly reduces the volume
of secretion and the output of ac1d occasionally  Systemte mamfestations
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of purasympathetic inhibition e frequent with quantities wlich inhibt
gastric secretion i man - An wdditiona] effect of atropine and similar com
pounds mn ulcer theripy muy be to delay gastnic amptying permutting
longer pentod of intcraction between acid ind wmtraid Synthetic atropme
substitutes including Syntropan Novatrm  Trasentne  Dibuline  and
Bentyl hvdrochlonde among numcrous preparations e less effectne
then atropme The quaternary d tetriethn ]
chlonde or bromude admmstered p\rcnumll) and hexamethontum
1odide (one of the homologous senes of polymethylone bistrimethy] un
momum compounds) preseribed orally may anlubit rad temporanh
However these drugs ctuse disturbing side effects cluding postural
hypotension and imtestinal atony and thus are not recommended m ulcer
therapy

Bwthine temporanly suppresses gastric aaicity when injected intramus
cularly mn doses exceedmg 003 mg per hilogrim body weight The anti
secretory effect after oral admristration 1s less unpressive Smgle doses of
50 or 100 mg of Banthmne by mouth m1y lower the volume of secretion
however the concentration of hydrochlonc 1aid 1s unchnged Binthine
m quantities of 50 or 100 mg by mouth four times duly mas provide
symptomatic rehief but side effects are common Peptic ulcer mmy recur
durng the use of Banthme patients occwionally appeir to develop 2
tolerance to the medication The antisecretory effect of Prantal resem
bles that of Banthme however side cffects re less frequent and 400-500
mg or more mvy be tiken by mouth dath without 1pparent discomfort

Many new gastric atisecretory compounds hive been developed These
mclude Prmme (daily dose 15-30 mg ) Pro Banthine (75-240 mg )
Monodrl (15-30 mg )} Antremvl (40 mg ) Marplin (20-25mg ) Malco
tran (100~200 mg ) Pathilon (200 mg ) Durstne (400 mg) Elonne
{400-1000mg } Tricolord (400-1000mg ) Cotrinul (400 mg ) Piptal (25
mg) Skopolate (6-12 mg ) and Iral (75-100 mg ) dmmustered m ch
vided 1mounts three to four imes duly

Anticholinergie compounds re much more potent when sdmimstered
mtrymuscularly than when administered oralh but parenteral therapy
except i ocesional hospitalized patients 15 not prictical Since 1t 1s more
effective agamst basal than 1gunst food stumulited secretion the medica
tion 15 t1ken before meals Increased wmounts twofold or threefold larger
than average are prescribed at bedtime i an effort to lower the excessive
nocturnal gastnc secretion Since the action of these drugs 1s imited to the
period of admimistration they must be tahen continuoush, Since the ob
Jjective 1n pephic ulcer 15 prolonged mlubition of gastne secrction treat
ment 1s maintained for Jong pertods of time The important considerations
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healed completcds The ntaerd 1s then presenbed at mtervals of two and
three hours and subscquently once or twice between meals and durng
the eveming many patients maotan this Itter progrim indefimtely The
admmistration of small quintitics of mild antacids immediately after
meals 1 not uncommon practice 1 mmpractical and meffectne since the
food alone m1y neutrihze nad dunng this period and the ntervals be
tween medication arc too long If antrcids are to be presenbed only ocea
sionally they are more uscful several hours after meals when the buffer
g cfect of food his been dissipated

Gstric acrdity my be neutrilized alsa by the continuous tdmmistra
tion of milk and erewm and ~lkali admuustered through an mtragastie
tube One liter of mulk contumng 5 grams of sodum bicarbonate my be
admimistered every eight hours Another solution 1s prepued by miung
100 ce of aluminum hydrouide or "lummum phosphnte gel with 800400
cc of warm tap water at 15 wWdmumstered at 1 rite of 15-20 drops per
minute 1500-8 000 cc of the diuted suspension may be grven in twenty
four hours Food supplements mwv be gnen simluly s an additional
source of ealories for the nutntionally depleted patient The mtragastric
dap may be muntuned for the twelve hour might pertod or contmuoushy
for s Jong, 25 scven to ten days The procedure has been recommended m
patients with gastric hypersecretion ind severe ulcer pam not controlled
by ordmnary mesures wnd ocesiomill in the treatment of massive hemor
thage 1t1s contrundicated m the presence of pyloue obstruction

GASTRIC ANTISECRETORY COMPOUNDS

Diet ind ntierds do not control gistite 1ty m peptic uleer completely
or continuouwshy  Furthermorc many patients arc reluctant to continue
such 1 metrculous progi im indefimtely Interest in anticholinergic medi

cation s bised upon the theoretical possibility of prol 1 suppre
of wid secretion permitting 1 more hiberal progrim  Anticholincrgic
drugs mterfere with the tr of nerve mmpubses mediated by

1cetylcholime at the neuro effector junctions of postganglionic cholinergic
nerves Usc of the drugs in peptic uleer 1s bascd upon the concept that
parasympathetc (v agal) hvperictuaty 1s chiefly responsible for the gastric
hypessecretion of ducdenal ulcer ind upon the expectation that these
compounds wall suppress the neurogenic mechimsm  Actu il other
phascs of gastrc sceretion also may be nfluenced by these agents
Tincture or powdered cvtract of belladonnt n werage doses does not
inhibit acid secretion sigmificantly 1 patients wath peptic ulcer Atrope
sulfite 05 mg (17120 grun) three or four ttmes duly by mouth 1s par
tally effective the same dos1_c given mtrumuscularly reduces the volume
of sceretion and the output of 1ad ocerstonlly Systerme manifestations
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urme extracts of ammnl stomnch duod and calon chlorophyll nd
cabbage yuce  Surface corting agents theorctieatly protectng the ulcer
fram hy drochlonc actd such s emulnfied methylopolysilovines have not

been developed for chmeal use
CASTRIC ASPIRATION

Nightly 1spiration of the stomach with an Ex 1ld or Levin tube s nseful
m hospatahized pitients with gastre retention since 1t remoses a consider
able quantity of 2cid content winch otherwise bathes the uleer contribut
mg to ats actiaty Gastrse aspiration Also 15 a very effective method of
relieving severe uleer distress The procedure furthermore muy provide
unportant information regwding the managament of patients with reten
tion A decrease in the nightly aspiratian to a volume of 3 or 4 ounces sug
gests mffmmition edemt and spasm as the cause of the obstruction
rather than cicatnoinl stenosis Persistently large aspirates on the other
hind dseate organic obstruction necessitating surgical treatment

PHISICAL FATIGUE EMOTIONAL STRESS

The admonition o “treat the pitient 25 well as his ulcer 15 not 1 trite
remark Excessne physical fatgue and prolonged emotional stress may
merease the secretion of hydrochlosie aeid and the susceptibility of the
gastroduodenal mucosa to mjury Rest and rebef of emotsonal tension
consequently are smportant adjuncts in therapy The needs vary with the
wédidual some patients can djust therr dasly routine to obtain more rest
without discontmmng their work others respond more effectnely to 1
vacation wway from hame Hospitalization for several weeks 1s desirable m
patients with persistent severe ulcer distress and especsally in the manage
ment of recurrent ar pi 1 uleers Hosprakzztean provides an op
portumty for careful regulation of therapy more thorough indoctrination
af the prncsples of treatment and 1t removes the patient at least tempo
ranly from the stress producing environment

Mansgement of the emotonal problems requies wlentification of the
disturbing factors—d socal or tl-wd then intelh
gent efforts at thesr control by asosdince “ventilatwon” of the problem
reonientation of the patient or the release of tension m pleasant recrea
tional activsties The ultimate goals are the establishment of regular habits
and 2 hfe of moderation™ The support provided by the mterested
friendlv yet objectne physieian may be very helpful w this regard
Forml psychotherapy usually 1s unnecessyn  Mald scdation with pheno
barbital 80 mg (»~ gran) fous times daily or ebwir of triple bromdes 4
ce (1 tewspoonful) four times dmby promotcs relration and rest seda
tives 2t mght are useful i wsuring an adequite amount of steep “Tran
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m antichohnergic therapy are the use of sufficient quantities wd sustuned
regular medication

No smgle anticholmergic compound excels i gastie imhibitory capic
1ty clmical tolerance nd therapeutic value although severil appear to
be more effective than the majonity these nclude Pamine Pro Banthine
Monodral Mnlcotran Tral and several dditionl compounds now under
study In geneial the diugs lowering acidity most effectively also tend to
produce systemic mamifestations of parasympathetic mhibition The symp
toms include dryness of the mouth blurning of vision constipation slow
ing of the urmary strexm headache drowsmess heartburn tachycardin
choking sensation and mental confuston The 1denl gastric antisecretory
agent suppressing acidity for long peniods of time after oral admmstr
tion without development of tolerince and with m mmal or no side
effects thus remauns to be synthesized Present compounds da not produce
A true “medicil vagotomy  However they surpass belladonna atropmne
Banthme and Prantal Admimistered orally several preparations may de
crease ncid secrction at least temporanly  As adjuncts to antacids they
probably facthtate more efficient neutralization of the gastric contents
and 10 oceasional patients at least they may benefit not only the 1m
medrate but 1lso the long term trextment of peptic ulcer On the other
hand their value 1n preventing the complications of peptic uleer and
decreasmg the need for surgery has not been estiblished The use of anti
cholimergic drugs alone mn the management of peptic ulcer 15 not recom
mended These compounds nre contraindicated 1n the presence of pylone
obstruction mncipient gl:mcom'l prostatic hwpertmph\ and cardrospasm

INFFFFCITVE COMPOUNDS
The wvailable antiistaminie compounds do not lower gastric acidity sig
mfcmtly 10 min and e of no vilue m the treatment of peptic uleer
Endocrine preparations including parathyroid extract posterior prmtarn
extract enterogistrone urogastrone sex hormones and desoxycorticos
terone cetrte do not reduce gastne 1cidity significantly i patients wath
duodenal ulcer Compounds mhibiting the enzyme carbonic anhydrase
lower the output of hydrochlone 1cid after intravenous admunsstration
under expenmmental conditions However cirbonic anhydrase mhibrtors
such s cetizolevmde (Dramox) orally hmve not prosed of practical
value 1n the management of duodenal ulcer

In the absence of 1 specific cure the number of alleged ulcer remedies
remams enormous Many hnve been discredited Current evidence indi
cates that the following substances should also be discarded s useless in
ulcer therapy  detergents such 1s sodum alkyI sulfate ure formaldehvde

resms thiotropie gel bile salts histidine extracty of pregnant mares
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urine extracts of anmmi stomach duod and colon chlorophyll and
cabbage juice Surface conting agents theoreticilly protecting the ulcer
from hydrochlorie 1aid such s emulsified methy lopelysiloxanes have not
been developed for chimeal use

GASTRIC ASPIRATION

Mightly aspiration of the stomach with an Ewald or Levin tube 15 useful
1 hospitalized patients with gastnie retention since 1t remoyes @ consider

able quantity of acid content which otherwise bathes the ulcer contnbut

mg toits activty Gastrc aspiration 1lso 15 1 sery effectne method of
relieving severe uleer distress The procedure furthermore may provide
mmportant information regarding the manigament of patients with reten

tion A decrease in the mghtl\ aspiration to a volume of 3 or 4 ounces sug

gests inflammation edemn and spasm as the cause of the obstruction

rather than cicatneinl stenosis Persistently large aspirates on the other
hand indicate orgamc obstruction necessitating, surgical treatment

PHYSICAL FATIGUE EMOTIONAL STRESS

The admonition to “treat the patient 1s well as his ulcer” 15 not a trte
remark Excessive physical fatipue and prolonged emotional stress muy
mcrease the secretion of hydrochlonc acid and the susceptibility of the
gastroduodenal mucost to mnjury Rest and rehief of emotional tension
consequently are important adjuncts 1 therapy The needs v ary with the
mdividual some patients can adjust their daly routme to obtun more rest
without discontinuing their work others respond more ¢ffectinely to 1
vacation away from home Hospitthization for sever:l weeks 1s desirable
patients with persistent sev ere uleer distress and especially i the mnage
ment of recurrent or comphcated ulcers Hospitiization provides an op
portumty for careful regulation of therapy more thorough mdoctrination
of the principles of treatment and it removes the pitient at least tempo
vanly from the stress producing environment

Management of the emotional problems requires dentification of the
disturbing factors—domestic social or environmental—and then intelh
geut efforts at their control by averdance “ventilation” of the problem
reanientation of the patient or the release of tension 1n pleasant reeren
tional activities The ultimate gols are the establishment of regular habats
and a kfe of moderation” The support provided by the interested
friendly vet objective physician may be very helpful mn this regard
Formal psvchott usually 15 y Mild sedation with pheno
barbital 30 mg (% grain) four times daiy or elrar of triple bromdes 4
c¢ (I tewspoonful) four times duly promotes relaxation and rest seda
tives at mght are useful 1n insurmg an adequate amount of sleep “Tran
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quibzing  drugs lso are preseribed for this purpose lone or together
with wticholnergie medication They are useful n oce wional prtients but
do mot 1ppuar to have any specinl wdvantages m uleer therapy per s
Chlorpromzine m lirge Amounts may decrease gastric secretion on the
other hand 1eserpine m large quintities orally m1y merese the output of
hydrochlone neid

IRRADIATION OF THE STOMACH

Mid rocntgen iradntion of the stomach may be utilized s adjunct
therpy for the purpose of decreasing or suppressing completcly the secre
tion of hvdrochlonic 1csd Approximately 1 600-2 000 roentgen umits total
depth dose are directed 1n ten divided applications to the fundus nd
body of the stomach over fluoroscopieally outhned antenior \nd posterior
portils The mhibitory effect of irradration upon gistric secrebion depends
upon the destruction of panetal cells The development of anaidity s
followed 1 wnably by complete healing of the uleer and by no rceurrence
for the durtbion of waadity Although the degree of secretory hibition
15 quitc vartible the climeal course often seems distinetly benefited
Harmful effects have not been observed Gastrie 1rradiation also has been
combined with the surgieal procedure of antroduodenectomy pprovi
mately two months fter operition 1 depth dose of 2000 r 15 delvered in
dvided wmounts over 1 pertod of three weeks The coblt 60 telctheripy
unit has been utthzed recently for gastric arridittion ats wdvantages 1e
portedly include shin spiring effect 1nd greater depth dosc

TOBACCO ALCOHOL AND ULCEROGENIC DRUGS

There 15 no conclusive evidence at present that vernge smoking mcre tses
grstric secrction symificantly: The use of tobicco by uleer patients 1s de vt
with most prictically on an mdividual basis Moderate smoking secms
harmless m many mstances Excessive smoking on the other hand 15 un
desirble perhaps because of the decreased mt ke of food nd dimnshed
neutrlization of gstne aadity In such instances the habit should he
discouriged  the recommendation of complete abstinence 1s preferible to
the mcffectual suggestion to decrease the quantity of tobacco Freesstic
smohing ordinwnly reflccts increased nervous tenston  the nmportint
problan thercfore 1 relief of the emotionl stress

Alcohol tends to increase the secretion of hydrochloric eid ats use
thercfore should be noded Excessive drnking of coffce mmy wntate
the gstroduodenal mucost and reactivate peptie ulcer Numcrous medi
cations may tnereisc gastric secretion 1mitate the stomach and duodenum
and predispose to the recurrence or new deselopment of peptic nlecr with
blecding These compounds mclude salicylates corticotropin prednisone
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and predmisolone  phenylbutizone (butzolidin) and reserpme  they
should be worded if possible 1n patents with known peptic ulcer or ~d
mmistered 1n conjunction with antacids

COMPLICATIONS
INTRACTABLE OR REFRACTORY PFPTIC ULCER

The term antractable uleer” mmplies 2 lesion not responding to the usual
treatment and therefore requinng operation Intractability 1s interpreted
differently nd not necessanly cntically by all obsenvers and “usual ther
apy™1s not synony mous with effective “treatment The progrim presenbed
m an mdnidual case may be madequate or the pahent may not adhere to
the remmen bectuse of a poor pattent physician relationship Many cases
Tassified 1s ble undoubtedly belong m this category the ulcer
ttself1s not refractory for under proper 1t heals pletel
In the ruly mtractable peptic ulcer treatment that 1s ordinanly effective
fails to promote healing or to present complications The underlying
ause my be sersous emotronal difficulties uncontrollble gastric hyper
secretionr decresed tissue resistance or irrexersible complications such
as obstruction or penetration of the ulcer with adherence to the pancreis
In evaluating an “mtrctable” peptic ulcer then careful study of il pos
sible contributory factors 1s necessary

GASTRIC RETENTION

In patients with peptic ulcer gastric retention usually 1s attributable to
f 1on nd edemn ady to an nctive ulcer temporanly narrow

mg the channel through the pylorus and duedenum Tlus complication
often responds within seven to ten days to a medical regimen of nothing
by mouth gastric asp and the p: I ad 1on
of electrolytes and flrds The continuous removal of acid permuts the
uleer 10 heal the edema and wflammition subside and the channel
through the pylorus and duodenum once more 15 patent as inchcated by
decreasing volumes of gastnc aspirate The use of antispasmodic and
anticholinergic compounds under these circumstances 15 undesirable for
the subsequent decrease m gastric motility may ntensify the retention In
perhaps 15 per cent of cases with retention the obstruction s caused by
searring and excatneal narrowang of the pylorus and duodenum  this prob

lem requrres surgical treatment

ACUTE PERFORATION

Thas 15 the most urgent mdication for operation Surgical treatment usual
Iy 15 hmited to sumple closure of the perforation thou,h m patients with
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a long history of ulcer recurrence who ire 1n good condition partial gas
tric resection also my be performed

Excellent therapeutic results apparently mav be obtained with a pro
gram ncluding prompt contmuous nd effective gastric asprration the
administration of dequate amounts of electrolytes glucose and water
plus sulfonamides antibiotics and supportive care The non operative p
proach 1s based upon the observation that early perforations will seal
rapidly if the stomach 1s emptied and kept so by aspration It seems to be
mdicated especially m patients with difficult medical problems who e
scrious operitive risks

MASSIVE HEMORRHAGE

Hemorrhage complicates the course of peptic ulcer mn perhaps 20 or 25
per cent of all cases some pattents appear to have 1 dehmite tendency to
recurrent bleeding Therapy usually 1s medical It mcludes rest mn bed and
sedattves such as sodium luminal (2 grams intramuscularly every four to
six hours) for restlessness The blood type of the patient 1s determimed
and blood 1s made available immedittely The hemoglobin and erythro
cvte count or the hematocnit are measured duly or as often as the chin
cal course ndicates If the patient 1s vonuting food nd drimh are with
held until the vomting subsides Otherwise mulk and cream and ntacids
are admimstered hourly durmg the day 1s 1n the standaid program the
alkali 15 continued every two hours dunng the mght Transfustons of
whole blood 500-600 cc are admimstered when the systohe blood pres
sure falls to 100 the pulse rate exceeds 100 and the erythrocyte count de
creases to below three million or n continued severe hemorrhage re
gardless of wny eniteria Five per cent glucose m 1sotomic siline mvy be
admimstered 1n himited quantities subeutaneoush,  Additional mensures
may meclude the admimstration of antisecretory drugs and 1nfrequently
the mtragastric dup The ant1cid program 1s muntamed until the erythro
cyte count nd hematocnt are stabilized and the feces are negatine for
occult blood The treatment subsequently 1s that outlned for uncomplt
cnted peptic ulcer

Surgery 1s indicated m bleedns peptic ulcer under the following condi
tions (1) severe persistent hemorrhage during medieal treatment (2)
recurrent bleeding (3) stomal ulcer with hemorrhage (4) hemorrhige
and perforation and (5) hemorrhage and pyloric ob truction The dect
sion for operation usually 15 made during the first 48-72 hours because
complications and mortality rate nse with persistent uncontrolled hemor
rhage Occasionally the decision m1y he deferred for several additiont
dys provided the pattents generil condition remans good and an ade
quate blood volume 1s muntuned Bleeding 1s more scverc and more Iike
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Iy to persist in patients fifty years of age wnd older operition therefore 1s
mdicated when these patients do not respond promptly to medical treat

ment A uscful index 1s when two or morc transfusions per day or during
a portion of 2 d1y rc insuffictent to replace the blood lost and the bleed

mg continues {the so called test of transfusion) Swce the hazards of
surgery are also mncreased m this 1ge range the surgeon must accept a
Ingher caleulited nsh The operation of choice m massive hemorrhage
from peptic ulcer 1s partial gastrie resection excision of the lesion f pos

stble and hgation of the bleeding vessel Gastroenterostomy alone or with
vagotomy usunlly 1s not sitisfactory for this purpose “Blind  gastne re

section my be performed to control bleeding from tiny gastne erosions

so small as to escape recognition climeally or at operition Excellent re

sults hve been reported however opimons vary 1s to the routine apph

cability of the procedure Surgery does not protect completely agunst
recurrent hemorrhage although the possibihity 1s greatly reduced

JEJUN AL ULCER

Here 1 difficult therapeutic problem 1s presented beciwuse of the tendency
of the lesion to penetrate bleed 1nd perforate Some patients respond to
careful medical management m the hospital 1ncluding roentgen irradia
tion of the stomach As arule however surgery 1s preferred transabdomi
nal vagotomy with or without further gastnc resection depending upon
the eircumstances

GASTROJEJUNOCOLIC FISTULA

Ths requires mitially the restoration of nutntion with a diet ugh m
protemns ealones and supplements and the correction of electrolyte and
flud mbalince The operatne procedure consists 1n resection of the
fistula reconstruction of the gnstroenterostomy and a more adequate
gastrie resection or vagotomy

PREVENTION OF RECURRENCES

The immedate results of effectrve therapy m peptic ulcer are good with
Prompt reltef of pun 1nd complete healing The long term results are less
encouraging perhaps because of fulure to muntun adequate and con
tinuous neutralization of the acid gastric content Recurrences of peptic
uleer are frequent with almost wny type of therapy whether medical or
surgical which dees not 1holish acid secretion permanently The precipt
tating factors recogmzed tnd emphisized most often are physical tatigue
emotional stress dietary mdiscretions intating drugs and intercurrent
ilness There ate no specific measures completely protecting agamst re
currences so Jong as acidity remans however the frequency and seventy
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1 long hustory of ulcer recurrence who are i good condition putal gis
tric resection also may be performed

Excellent theripeutic results appirently may be obtuned with 2 pro
gram including prompt contmuous and effectne gastnie spiration the
wdmunistration of adequate amounts of electrolytes glucose and water
plus sulfonarmdes antibiotics and supportive care The non operitive p
proach 1s based upon the observation that early perforthons wall sedl
raprdly of the stomach 1s emptied and kept so by aspirttion It seems to be
indicated especially in patients with difficult medical problems whe are
serious operatny e nisks

NASSIVE HEMORRHAGE

Hemorrhage complicates the course of peptic ulcer m perhaps 20 or 25
per cent of all cases some patients appe1r to have 1 definite tendency to
recurrent bleeding Therapy usually 1s medical It includes rest i bed and
sedatives such 1s sodmm Juminal {2 grains intramuscularly every four to
s1x hours) for restlessness The blood type of the patient 1s determmed
and blood 1s made avaulable immediatels The hemoglobn and erythro
cyte count or the hematoent are measured dahy or s often s the chm
cal course indicates If the patient 15 vomitmg food and drink re with
held until the vormting subsides Otherwise mulk and cream and antierds
are administered hourly dunng the d1y s i the standard program the
alkalt 15 contimued every two hours dunng the night Transfusions of
whole blood 500-600 cc are ndministered when the svstolic blood pres
sure falls to 100 the pulse rate exceeds 100 and the ery throcy te count de
creases to below three million or n continued severe hemorrhage 7€
gudless of amy criterst Five per cent glucose m 1sofome salme mty be
admmstered m hmted guantites sut ly Additional measures
my nclude the admmstration of antisecretory drugs and nfrequently
the intragastrie drip The antacid progrim 1s mamntamed until the erythro
cyte count and hematoenit are stibilized and the feces ae negane for
oceult blaod The treitment subscquently 1s that outhned for uncompl
cited peptic ulcer

Surgery 1s indhcated m bleeding peptic ulcer under the following conds
tions (1) severe persistent hemorrhage during medicnl treatment {2)
recurrent bleedng (%) stomal ulcer with hemorrhage (4) hemorrhn.e
and perforation and (5) hemorrhige and pyloric ob truction The dect
sion for operiton usually 15 made duning the first 48-72 hours because
complications nnd mortality rate rise with persistent uncontrolled hemor
rthage Occaswonally the decision may be deferred for several additionl
days pronded the patients ,eneril condition remains good nd n ade
quate blood volume 1s mamntaned Bleeding 1s more severce md more ke
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for Duodenal Ulcer
Indications and Ratwnale

The surgical treatment of duodenal ulcer 15 essentrally the treatment of
the complicated and intractable case Although this chapter 1 wntten by
surgeons, the expenences of the semor author with such outstanding gas
troenterologysts as Palmer and Kirsner at Chicago Paulson of Balimore
and Volwaler and Rubm of Seattle have served to emphasize this point
Operative intervention 15 indicated w only about 15-25 per ceut of duo
denal ulcer cases Tlus does not mean however that surgery whenitas
mdrcated 15 1 any way ummportant or optional In the refractory case of
duodenal ulcer surgical treatment 15 often urgently needed and it s
usually the hest, 1f nat the only alternative

The chief wdietions for surgical treatment of duodenal ulcer are five
n number obstruction intractability i spite of adequate medical ther
apy incompatibility of medical therapy perforation nd masstve hemor
thage The problem of carcinoma seldom enters mto the mdications for
duodenal ulcer surgery The difference between the second and third in
dications above 15 an 1mportant one A conscrentious patient who bas con
trol over hus ime schedule yet 15 unsuccessful with his medrcal treatment
falls wto the second mdiciton an wresponsible patient or one wath i
regular or ngid workimg condttions which may not permat adherence to a
plan of medreal therapy falls nto the third category

The surgeal treatment of duodenal ulcer 15 at a crossronds In 1939 m
practically Al modern chmies partial gastnc resection usually ad modum
Billroth I was the operatron o choice Today in 1959 the prcture 1s ot
qute so sumple The pioveer physiologic observations of Dragstedt
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of recurrences may be reduced by a comprel program clud
(1) thorough treatment of the mtial lesion and careful subsequent super
vision of the patient (2) education of the patient as to the nature of the
disease and the principles and objectives of treatment (3) continued use
of a bland diet (4) a practical but efficient program of acid control (5)
the avodance of alcohol tobacco and umntating drugs (6) sufficient rest
and sleep (7) control of emotional problems 1f possible and (8) proper
care of respiratory infections and other intercurrent 1llness

Despite the of mecheal t current methods of treat
ment when applied properly are effective in the vast majonty of patents
with uncomplicated peptic ulcer Treitment should not be confined to a
single therapeutic measure The emphasis should be on total manige
ment including antacids antichohnergic drugs sedatives avoidance of
gastrointestmal 1mtants and tramed attention to emotional problems
Inadequate results usually are attnbutable to madequate therapy The
fact that treatment 15 more or less non specific does not Justify 1ts casual
nd indifferent apphcation The continued study of hormonal factors of
dings acting upon enzyme systems 1mplicated m the process of gastric
secretion and of secretory mhibitors 1n the gastric content eventually may
yield a medical techmque for prod d gastric dity The
cure of peptic ulcer obviously will depend upon further knowledge of the
nature of hssue resistance and the mechanism of secretion of hydrochloric
acid These objectives may seem unattunable but in view of the remark
ble advances 1n medicine achieved m our lifetime they should not be
regarded as impossible
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Do one ran foretel! whether my one of these optratne procedures will
outstp the others m prefercnee by 19690t which one st will be af thus
does acur—or whether some new operation will come mto prommence
perhaps from amang the miscellmeous techmies searcely noticed but m
cecasional wse today It 15 possible that seme new non surgiel method
will be the procedure of chowce for comphiented and mtractsble uleer ten
vears hence

The plan of this chapter will be to discuss the mdications wd rihomnle
for the sbove operstions considering the phystolagy of gastne secretions
and the puthogenes:s of duodenl ulcer We will first dhscuss mirctable
duodenl uleer m generad «nd then the specsal wdicttions for the treat
ment of cases wath perforaition and eises with massine hemorrhage

SURGICAL TREATMENT OF DUODENAL ULCER
HISTORICAL

Billroth performed the first sucecsstul partial gastnie resechions m 1851
with gastroduodenn} anastomosis wd i 1885 with gastrojejunal apsto
mosis Fus puptl Wolller did the first successful gastrojejunostomy m 1851
Until the time of World War I the Billroth resections were apphied maum
¥y to gastrie uloer—wnd of course cueinoma-while the Wolller gastro
Jepunostomy was the operttion of choce for duodenal wicer The work of
Strauss of Berg and of Lewsohn 1 this country and of von Haberer i
Germany dunng or shortly after World War I swung the tide of interest
1o gastne resectian for duadenl uleer ‘There was 2 great Iag w the gen
eral acceptance of gastne resechion particulazly i the Umted States In
some schools and clines the adoption did not the plice untsd the tirne of
World War 11 howener by then st had long been the operation of chowce
for duodenal ulcer 1n the more ads weed chrues Gastrojejunostamy was
used 1 some cases but it was 1 second choice In 1943 Dragstedt and
Osens stroduced vagot Later @ dh ge P dure was added
(gastrojequnastomy  Dragstedt and Woodward 1951 Hewele Mdathez
mlorophsty Wemberg 1956} 1t 15 often strted that vagotory was used
by tnany before Drogstedt s pionecr work but such “yagotomies were
manably either incomplete or 5o low on the stomach 1s to be meffective
as far 1s the partetal cell ares of the corpus 15 concerned ar so hrgh an the
neck that they affected other vital organs s well as the stomch At any
rate durmg the ten jears following 1943 these two operttians—pirtial
gastae resection on the one hand nd vagotems plus dramage procedure
on the other—vied for populanty w5 the operation of chowe for comph

cated duodenat uleer
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Wangensteen and other surgeons as well as those of physiologusts have
helped reopen the entire 1ssue The chuef contenders for pre eminence as
the operation of choice for duodenal ulcer are now as follows (see Fig 1)
Partial gastric resechion (Billroth 1}

Partsl gastrie resection (Billroth I}

Hemgastrectomy and vagotomy (Bullroth I)

Hemtgastrectomy and vagotomy {Biliroth I1)

Vagotom and gastrojejunostomy (Dragstedt}

Vagotomy and pyleroplasty (W emberg)

Segmental resectron of the corpus and pyloroplasty (Wangensteen 1)
Segmental 1esection of the corpus pyloroplisty and vigotomy (Beme Mtk
Kelsen)
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sequently may be returned to control levdls by Finney pyloroplasty
(Nyhus ¢t ol 1934)

Vagotomy reduces secretory response to the admimstration of hista
mune (Oberhelman and Dragstedt 1948)

Stumultion of the anterior hypothalamus produces 1 drop m the pH
of gastric content m monheys (Porter ¢ al 1953)

Chronic electrical simulttion of midhne hypothalamic areas in mon

keys produced grstroduodena! lesions i 8 of 19 monkeys (French
etal 1957)

Chromie electrical strmulation of preoptic and meduil portions of the
antertor hypothalimus produces mncreased tcidity of gistnie secretion
from pouches 1n cats together with frank ulceration (Sen and Anand

1957,
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Role of the Antrum

—

Intravenous mjection of antral extrict produces merersed acid secre
tion (Edhins 1906)

Antral evaision reduces acid secrehion from Pavloy nd Heidenhan
pouches (Voodward ef al  1950)

Antral transplnts to the colon markedly stimulate aeid secretion from
gastnic pouches (Dragstedt et al  1951) 1if the vagus nerves to the
antrur are cut {Jones ef al 1938) If 1 nim of acid scereting mucosa
1s mcorporated as part of the antral pouch hypersecretion does not
oceur (Oberhelman et ¢l 1932)

Partial resection of the antrum erther from the stomach or from antral
pouches transplanted to the colon prod 2 decrease m Herdenhain
pouch secretions with the decrense relited to the amount of antral
tissue removed (Oberhelman et al 1952)

If an mnenated 1solated intral pouch 15 stmulated mechameally by
balloon distention there 15 an 1c1d secretion response from a Hetden
han pouch This secretory response 1s blocked by simultaneous per
fusion of the 1solated antrum with N/10 HC] and 15 potentiated mn the,
Dresence of alkiline pH (\Woodward et al  1957)

Crude Iver extract or ethyl alcobol perfusion of the 1solated antral
pouch produces a secretory response which 1s not enhinced by alka
hne pH but 15 abolished by acid pH (Woodward ct al  1957)
Antrum motihty per se cither by vagal efferents or by mtimsic plex
uses stimulates gastrin release (Dragstedt et al 1953 Oberhelman
et al 1957 Woodward ¢t al 1957)

Submucosal dissection of the antrum (Jones et al 1957) or removal
of the seromuscular coat from the antrum (Bugh ¢t al 1958) results

o
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FPINSIOLOGIC FACTORS IN PEPTIC ULCER

The products of gistric secretton include hydrochlonc aaid pepsin and
muemn The most important of these 15 probably the hydrochlone acid be
cause its secretion s free acid vanies i disease and since wathout it pepsin
would be mactive becuse of improper pH Muein acts to lubneate and
protect the gastric rugie and duodenal wall

The site of secretion of these substances 1s of importance m plning
certun operatin ¢ procedures on the stomach Hydrochlonc neid 1s secreted
munly by the pinetnl cells of the corpus there are 1 few panetal cells m
the fundus but essentinlly none 1n the antrum Pepsin 1s secreted by the
chief cclls of the corpus \Mucin 1s secreted by 1 parts of the stomach but
prticulily by the antrum Brunners ghinds of the first portion of the
duodenum lso secrete a great deal of mucin

There are many factors which may directly or indirectly affect the
quantity of gastric acid secretion and thus contnibute to the patho-
genesis of peptic ulcer Below 1s given 1 partinl summany of selected
recent work on certain of these fictors—the role of the vagus nerves atral
activaty and duodenal mhibiion—plus an analysis of the relative sensitiv
ity of different portions of the gastromtestinal tract to pephic ulceration

Role of the Vagus Nerves

—

Vagotomy echmnates the conditioned secretory responsc of the
stomach (Pnlov 1910)

Sectioning of the vagi to 1 total stomich or Pulov pouch cwuses 1 re
duction 1n ra1d secretion (Dragstedt et al  1950)

Vagotomy entirely ehmmates peptic ulcerition i the Shay rat (Har
kins 1947) by depressing gastric secretion {Alexander and Meren
dino 1952)

Adequate doses of Banthime or itropme also abolish peptic ulceration
1n the Shay rat (Sauvage and Harkins 1951)

Vagotomy 1n the Mann Wilhamson preparition markedly decreises
the incidence of stomnl ulceratton (Harkns and Hooker 1947)
Banthine nd atropine decreise the mnadence of stomnl ulceration
the Mann Willimson preparation (Sawvage and Harkins 1951)
Banthine or wtropine marked!sy reduce the secretony respanse to hust
mine shmulitton but do not alter the Heidenhun pouch scerctors
response to feeding (Sunage and Harkins 1931}

Section of the vagus nenes to the stomach m the §wn age prepirition
decreses the merdence of stomal ulcerition (Synage ef al 1953)
Section of the v1gus nenves to the man stomch cruses an nerease m

Herdenhan pouch secretion (Storer Schmitz et al 1952) v hich sub

(53

w

"

@

=3

-1

»

o



Indheations and Retionale for Duodenal Ulcer Surgery 161

4 After antral resection the frequency of histumne indunced ulceration
15 88 per cent with gastrojejunostomy 85 per cent with gastroduode
nostomy {Harkins and Nyhus 1956)

5 Intraduodenal pH of less thin 2515 wecompmed by 1 dended dim
nutron 1o the solume and acrdity of Hexdenhun pouch secretions
(Jones and Harkins 1958}

Relative Sensitiaty of Different Portions of the
Gastromtestingl Tract to Peptic Ulceration

1 Matthews and Dragstedt (1932) d sted that a of
wolated gastrie pouches to progressnely more distal levels of the
gstromtestmal tract was attended by a progressively hagher inaidence
of stomal ulecration MeMaster (1934) obtuned sinular results by
anistomosing the total stomach rather than 2 pouch

Followmg 4 75 per cent gistric resection wath Billroth II reconstruc

tion the metdence of stomal ulcer mcreases s the length of the affer

ent loop 15 increased (\lerendno ez al  1945)

While the 1bove would indrcate 1 graded sensttrvity of the small bow el
to peptic ulceration karsluk and Merendino (1934) demonstrated th1t
there 1s no significant differential sensitmaty to 1esd peptic solutions m
the duodenum jejunum or 1leum The stomach 1s relatnely resistint
and the esophagus particularhy sensitne to acid peptic mpury  The
most prouml duodenum deserves speenil conssderation  this e

containing Brunners glands 1s speeifically resistant (Gnffith 1nd
Harluns 1956 Dillard 1nd Merendmo 1956)

A progressive decrease m the pH and m the buffering capaaty of
small bowel contents 1s demonstrible 1s the distance from the pyvlorus
1s mcreased This factor presumably tecounts for the creised fre

quency of stomal ulceration 1n distal anstomoses (Rrrilub and \leren

dino 1954)

When gastric pouches arc dramed mto progressively distal segments
of bowel which m turn have been interposed betw een transected ends
of the duod with its hzing alkalme juices no stomal ul

cerations occur (Dillard and Merendino 1936)

o

~

s

o

In summny physiologwal stucies demonstrate thit secretion of acid
B sumulated by the vag presumably with hypothalamic centers mvolved
n the mechamisms of vagal exatation and by the gastnie antrum wheeh
secretes 2 hormone m response to penstilsis distention and Wnhie pi
Acid production 15 reduced by two Auto regulatory mechanisms—a low
PH 1 the antrum “tumns off gastrin production and a low pH mn the
duodenum reduces acid secretion by unknown mechantsms
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m profound depression of tw enty four hour Herdenhun pouch secre
tions

Studies of the secretory response to gastrojejunostomy {Zubirm
Drgstedt ot al 1952) demonstrated that gstrojqjunostomy to the
man stomach produces wn mcrease m free 1wad secretion fiom the
Herdenhan pouch if the stomn 15 lugh on the greater curyature If the
stom1s large regardless of whether 1t 15 high central or Jow on the
stomach 1t results in pouch hypersecretion (hanar Schmutz ef al

1953 Ranar Nyhus et al 1953 Stevenson et @l 1957) Antril hyper
function 15 the basis for this secretory response 1s shown by abolition
of the response when antroneurolysis 1s performed ( Jones De Vito
ct al 1958)

Antrumectomy 1n the Siuv 1ge pouch reduces the incrdence of peptic
ulcerition from 100 per cent to 45 per cent that 1s in this pouch
preparition intrumectomy alone 1s more effectve thn vagotomy
lone (Sauvage ef al  1953)

Histrmine mduced peptic ulceration 1s ncreased 1n frequency of the
antrum 1s exaised (State et al  1955)

Studics by Harnson and assoctites (1956) further suggest an whibt
tory mechanism of the antrum If 50 per cent of the trum 15 trans
planted as 1 pouch to the colon resection of the remaunder brings
nse m Heidenham pouch secretion Another group (Jordan et ol

1937) prepared dogs with two separate antril pouches in addition to
2 Herdenhwn pouch Injection of histwmmne or aleohol perfusion of
one antrl pouch ciwsed the gastric pouch to secrete normally when
the sccond ntral pouch was then perfused with acd the gastric se

cretory response w s blocked after a latency pertod of one to three
hours Dragstedts group performed almost 1dentical experiments but
could not demonstrite wny mhibitory mechamsms of the antrum
(Longhi et al 1957)

Role of Duodenal Inlubition
G stroduodenostomy ( three types) 1n dogs provides less Heidenh un
pouch sumulition thn does gastrojejunostorny (Harkms et al 1935)
Pyloroplisty (three types) 1n dogs produces essentiilly no mereise m
Heidenhan pouch 1eid secretion (Harkuns et al 1955}
With the ntrum transplanted to the colon Herdenhun pouch wid
secretion 15 gre iter with 1 gastrojejunostomy thin 4 gastroduodcnos
tomy (Stevenson 1956) The merdence of stomal ulecr 1s Iikewsse
greter n the gastrojejunostomy dogs (6 per cent versus 25 per cent
Harkins and Nyhus 1956}
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On September 1 1955 we had complcted n senes of over 250 Billroth 1
operations for duodenal uleer Ve considered that such a scries was Irge
enough for study and that 1t would be best to study these cases before
increasing the number of cises As a result and beewse we were also
mtnigued by the operttion of vigotomy plus hemigistrectomy we have
adopted 1 combm1tion of these plus the Billroth I ty pe of anstomoss s
our morc or less officr1l procedure Our selection 1s bised not on dssans
faction with the Brllroth I (75 per cent rescetion) but on the total physio
logic consider tions stated thove Ve are very pleased wath the new com
binttion operation and we have hopes that it may give even lower rccur
rence rates wlang with 1 decrc 1sed merdence of dumping, However we
have not yet performed enough operttions to driw defimite conclustons
particularly since the follow up perrod has been so bnef ¥We have ap
proumately 90-100 cases of the new combinition

Also since we are reseetmg 2 fur share of our perforated ukers and
smce we are semew hit fearful of opemng the medistinum to do a vagat
omy we are continung 1n these c1ses to do the Billroth T with 75 per cent
resection without yagotomy

The difference betwcen our recurrence rate which 1s less than 4 per
cent even mcludimg unproven cases and the much higher rites reported
by Ordahl (1955) and Goligher (1936) calls for a4 reassessment of the
Fictors myvolved A number of possible exphnations for thus difference
might be appropniately considered here

First 1t 1s Iikely that 1 diffcrence m the extent of rescction 15 1 basic
factor The semor author has seen some of the Bntish gastne resections
and does not beheve they are alw 1ys as radieil as they might be This
criticism does not apply to all however many such as Tanner do a quite
adequate resection In this country 1lso many do 40 per cent resections
under the mmpresston that they 1re removing 70 per cent of the stomach
again many others do a more complete removal That the difference i
results might be so expluncd was suggested duning the report of Ordahl s
onginal work (sce Ross and Meadows 1952) presented at 2 meeting of
the Society of Unnversity Surgeons m 1952 our own prelimmary paper
was presented on the same pro,ram In the discussion a considerble
pomt was made of the fact that Ordahls results were much better than
ours m that they hid no dumping, whercts we had considerable dump
mng I am sure that this 15 putly refated to the fact that they might not
have been domg, adequate resections Their observation that they never
needed to mobilize the duodenum 15 t loist crrcumstantial evidence for
the same pomt

It has ~lso been suggested that our Jower rate of recurrence 1s n arh
fact based on madequate follow up studies The very fact that we have
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The Bdlroth oper itions are designed to remove the uleer {mn most
eases) to rumove the major portion of the pretil el mass and to re
move the antral simulitory mechamsms Vigotomy serves to abolish the
cephalic phase of actd secretion but when done alone may be attended
by persistent high aeidity because of secondary 1ccentuation of the gastrc
phise of 1c1d secretion For this renson +gotomy must be supplemented
by 1esection of the antrum or by 1 dramnage proccdure m the form of
gastrojejunostomy or pyloropltsty With the above considerations 1 mind
three base tyvpes of duodenl ulcer surgery cmerge adequite resection
yagotomy plus antrumectomy nd vigotomy plus drunage procedure

If 2 resection procedure (with or without vagotomy) 1s done should
the reconstruction be by g’\s(mduodenosmm\ or b) g'\slm]c)umstnm)?
If vagotomy plus drunage procedure 1s chosen should the drunage be 3
pyloroplasty or gastrojejunostomy® Experimental dat1 indeite that gas
troduodenal continnty 15 desirable 1 order to mauntun the regulatory
mechamsm of duodenal inhibntion to <bolish antra] hyperfunction if the
antrum 1s retuned nd to gun the ncutralizing ads antage of duodenal
Juices

Evidence that the mtrum may also function actively to mhibit ned
secretion has led to the development of 1 fourth type of procedure—seg
menta] resection of the fundus (Wangensteen 1958) This procedurc 15
designed to remove the major partetil cell mass wlile retunmg the n
trum 1n continuity and preserving a relatively Irge gastric cauaty A pylor
oplsty 1s also done since the pylorus 1s v tgotomized by the trinsection
of the stomch A further development of the syme prmeiple (Berne
Mikkelsen) adds total gistric vagotomy These we well founded on
physiologic datr with one reservation—one wonders whether the tral
mhtbitory mechamsms which are preserved by leaving the antrum m
place will prove to be of greter value than elumnation of the stmulatory
mech msms by trum removal The future course of pitients with these
procedures should be of interest to 1l surgeons

SELECTING AN OPERATIVE PROCLDURE

A summArny of the factors 1n selection of the operation for duodenal uleer
in generl should emphsize that such t selcction will depend more wnd
more 1n the future upon physiologic consideritions regrding gstne se
cretion Howcver the problem ts not quite so simple 1s merely preventing
stoml ulcer by cutting down the secretion of free 1aid Dumpmg and
the other postgistrectomy syndromes e to be rechoned with and the
surgeon must chart his course between the Charybdis of stomal uleer and

the Scyllr of dumping,
In our ouwn chme sclection has been guided by the following factors
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Roseoe Griham and others simple elosure w1s so popular tht in 1949 5t
had virtually no myvals However smee that time there has been an
awakened interest m immedinte resection among Enghsh speaking, sur
geons on both sides of the Athntic (Lowdon 1952 Emmett aind Owen
1953 Jones and Doll 1953 Moore Harkins and Merendino 1934 Cooley
Jordan Brockman and DeBikey 1955 Twylor 1957)

More mteresting however has been the interest developed mdepend
ently in England wd the Umted States m continuous aspirition Prob
ably the first to use this mode of therapy were Lane in Detroit (1931) and
Mullen mn Seattle (1939) The first reports i the hterature were made
by Bedford Tumner (1945) Taylor (1946) and Visich (1946) all
England In this country Sceley (1949 1951) hns developed mereasing
mterest in this method

:
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Fic 2 ~Management of purforited duodenal uleer

In buef therefore while m 1949 simple closure was the method of
chonce for the treatment of perforated peptic ulcer mn 1959 three methods
we populir (1) continuous aspiration (2) sumple closure and (3)
definitive enly subtotal gastric resection (see Fig 2)

MANAGENENT OF PERFORATION

Contintious Asprration —The stne qua non of the asptration (or suction)
method 1s that 1t be continuous To 1ccomplish this end Taylor advocates
after a preliminary \ ray and other diagnostic meswes thit the nurse
asprrate the stomach with an ordin ary hand syringe and record imme
duately on the chart the amount removed repeating this every quarter
hour at first and later every half hour Taylor adds e prefer this meth
od to suction by mechamical pumps because too much rehance 1s 1pt to
be placed on the Jatter when they ful some time may pass before this 15
noticed If the nurse has to aspirite the eatheter by hind and wrte down
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found considerable dumping m our follow ups indicates the thoroughness
with which we have questioned these patients As to the number of follow
ups 1t must be wmutted that beciuse of our tvpe of patient we do not
see 1 lurge percentige of them afterward We mnke every effort to com
plete a case with follow up study we send out hundreds of letters every
year the socnil service department and the police work wath us 1n tracing
these patients and we ire helped by Dr Volwiler and lis Division of
Gastroenterology

Still another explanation of the higher incrdence of ulcer recurrence
elsewhere may be that some of these cases are not actually recurrences
To el1borate we now take an X ray of the stomich remnant before our
patients e discharged from the hospital noting any irregulanties or
niches n the lesser curvature closure We find these quite frequently nd
they are useful as a base hne for future \ rays but they might easily be
mstaken for new ulcerous lestons Golighers paper (1936) for instance
suggests that several of Ius so called recurrences may have been such
wregulanties Reoperation of several of our patients with such niches has
revealed no ulcer even with complete opemng and mspection of the
stomach remnant

It 15 our hope that the true status of the Billroth I operition for duode
nal ulcer will be determined within the next few years We did not ongt
nite this procedure and e 15 anxious 1s anyone that the truth—favorible
or unfnorable—be brought cut into the open

PERFORATED PEPTIC ULCER

Perforated peptic ulcer represents one of the most serious complications
of this disense While perforation of gastnie uleer 15 probably relatiely
more serious m nbsolute numbers of deaths perforation of duodenal ulcer
still leads by n shght mugm If the death rate of 1953 15 continued
125 000 persons now aliv¢ in the Untted States will dic of perforated pep
tic ulcer

HISTORICAL
The first surgicil treatment of perforited uleer by simple closure was
performed by Mikulicz mn 1897 with death following 1n three hours In
1899 Keetley of London performed the first partiil gastrectomy utthzing
the Billroth I tcchme with recovery Von Haberer (1919) first advo
cated the generil use of immediate resection Judme (1939) reported 937
cises mostly ad modum Billroth T with an 88 per cent mortihty which
w1s lower than 1lmost any seres of cases treated by simple closure at
that time Immediate resection was adopted widely on the Contiment but
n the United Stites and m Great Bntan because of the influence of
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Roscoe Griham wnd others simple closure w1s so populir that in 1949 1t
had wvirtunally no mals However since that time there has been an
aw1kened interest m 1mmediate resection 1mong English speaking sur
geons on both sides of the Athntic (Lowdon 1952 Emmett and Owen
1953 Jones and Doll 1933 \foore Harkins nd Merendimo 1834 Cooley
Jordan Brockman and DeBakey 1933 Taylor 1957)

More mteresting however has been the interest des eloped independ
ently 1n Englind and the Umted States i contmuous aspiration Prob
bly the first to use this mode of therapy were Lane in Detroi (1931) and
Mullen 1n Seattle (1939) The first reports 1n the hterature were made
by Bedford Tumner (1945) Tavlor (1946) and Visich (1946) all in
England In this country Seelev (1949 1931) has developed mereasing
nterest 1n this method
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Fic 2~ Management of perforated duodenl ulcer

In brief therefore while 1n 1949 simple closure was the method of
choice for the treatment of perforated peptic uleer i 1959 three methods
are populir (1) continuous aspiration  (2) sumple closure and (3)
defimitie early subtotal gastric resection (see Fig 2)

MANAGEMENT OF PERFORATION

Continuous Asptration —The sine qua non of the 1spiration (or suction)
method 15 that 1t be continuous To accomplish this end Taylor advocates
after a prehminary \ rav and other diagnostic mesures that the nurse
aspirate the stomach with an ordinwy hand syringe wd record mmme-
duately on the chart the amount removed repeating, this every quarter
hour at first and later ey ery half hour Tavlor adds “We prefer this meth
od to suction by mechwmical pumps because too much reliince 1s 1pt to
be placed on the Iatter when they fail some time may p1ss before this s
foticed If the nurse hs to aspirate the catheter by hand wnd write down
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the amount on 1 piece of paper she has to take an actve step in the
matter”

Duning the period of continuous aspiration a decision ¢in be made s
to whether to continue the treatment or whether to perform an opertion
ather sumple closure or immedinte partial gastrectomy If 1t 1s decided to
continue treatment by aspirttion a1 second Xrw of the abdomen 1s
tihen after tweh ¢ hours to determme (1) the position of the tube n the
stomach (1t should be m v dependent portion) (2) the presence of 1
fluid level m the stomich (there should be none) wnd (8) an inercise
subdiphrigmatic ur mdicating failure of the fibrin sl of the perfory
tion (ather 1 larger stomach tube 1s mdicated or the perforition should
be closed by simple closure)

TABIF 1

RESULTS OF TREATING PERFORATED PEPTIC LLCER
BY ASHIRATION OF THE STOMACH

Torar
Acu  Urce Cazo 1c ULcer
Fortow 1P R s L1 Now ER oF Pam s Pamt 13
Forrow ups
No further svmptoms 64 42 (93%) 22 (20%)
Subsequent ulcer svmptoms
Moderate 24 3(1%) 21 (20%)
Severe (no operation) 14 a 14(13%)
Very severe (later partial
gastrectomy) 48 0 18 (H%)
Died of uleer 3 0 3 (3%)
Totat 153 5 108
ModFedtr mT y! iwn 1956

The results of continuous aspiration when performed m acute cuses
(Tawvlor wd Warren 1956 Taylor 1957) or m young paticnts seems to
be comparible with the best that other methods have to offer (1-7 per
cent mortality ) (see Table 1) On the other hand 1 selected patients too
il for operition the mortiity 1s ligh Martius Olson and Harkins
(1957) report that under these special circumstances the mortality of
monbund cises given suction treatment vaned from 455 to 77 4 per cunt

Sunple Closurc —This 1s the stock 1n trade method uscd 1 this country
tody  Recent doubts have been cast upon 1t from the following threc
standpomts  First the follow up results mdicate 1 agher percentage of
serious subsequent morbidity (recurrent ulcer reperforition need for
subsequent operation cte ) particularly i chrome ulcers Sccond sunple
closure may in some mstances convert n cute uleer 1nto 1 chrome ulecr
Third the mmedite postoperative morbidity and redated mortaility may

'
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wtunlly equil or m some cases even exceed that of defimtnve resection

Defimtite early subtotal gastric resection —This method has the ad
vantages of low immediate postoperitive morbudity and operitive mor
tality Beeuse most perforations are antenor 1t 15 often eister to do 1
resechion for perforated duodenal uleer than for other mdications Most
certamly the remote moridity 15 less m those cises which would other
wise reperforate ctc The bug question 1bout immedinte resection 1s how
ane cn avond resecting 1 perforited ulcer that would never hwve erused
the patient further trouble if the aspirition or sumple closure methads hd
been utilized mstead In the wvernge private hospital senes this impor
tant question would apply to 3040 per cent of the patients 1n the werage
county hosmit1] senes to possibly 20 per cent The most promising led
m this dircetion has been furmshed by Jones and Doll (1933) and by
Tulor and Warren (1956) Considenng subserquent g1stric opertion 1s
a mmmal mdication of serious mortadity following simple closure Jones
and Doll r¢ ported 18 per vent m the acute cses {defined by them as hav
mg a history of dyvspepsia of less than twelve months durition) and 41
per cent n the chromie ¢ases with 2 history of dyspepsin of more than
tuehe months durttion Tryylor and Warrens results of the aspiration
mecthod using three months history as the differcntiating pont between
acute 1nd chrome cases show ed respect e madences of 0 and 44 per cent
of subscquent partial gastrectomy (see Table 1)

Our over 1l experience at the hing County Hospatal involves the treat
ment by all methods of shghtly over 500 patients with perforated peptic
ulcer The majonty of these perforations were of duodenal ulcer Our
etpenence with early defimtive subtotal gastric resection for perforated
ulcer (100 cases) indicates certun considerations which must be taken
nto account before performing the operation including
Satisfactory general condition of the patient
Consideration of the pattent s physiologic rather than chronologic age
Absence of bactenial pentoritis (which often depends more on the mdvidual

perforation—size location sealing off etc —than on the number of hours since
onset}

Adequate expenience of the operator
5 Adequate help thesin and

Cota

N

perating and postoperatne facilities
If these prec wtions are observed the operation 1s then jushfied by the
Dresence of one or morc of the following defimte indications

1 Multiple uleers

2 Callused ulcers

8 Large perfortions S M S Medical C 1e-r Japur

4 TFived prlonc obstruction
5 Gastne ulcers l L1 BR:. ,

. N
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6 Concomitant or previous hemorrhage

7 Previous perforation

8 Previous diagnosis of ulcer previous demoustration of ulcer or previous his
tory of dyspepsia indicative of ulcer—all of more than three months duration

9 Unreliability on the part of the patient m co operating with 1 postoperative
medical regime for control of his ulcer after simple closure (Thts mdication
applies particularly ta those wath comcident chrome alcobolsm a frequent
combination 1n our hospital )

Because of uncertunty as to how much danger there would be of
mediastinitis 1f the esophagenl lnatus were opened n the presence of per
forited ulcer we have not performed vagotomy with our resectins
Instead we have utilized the usual measured subtotal (70-75 per ccnt)
resection usually ad modum Billroth I

On the basis of these observations and experiences 1 fourfold program
for the treatment of perforated duodenal ulcer 15 proposed

—

Senously 1ll patients with pentomtis (approximately § per cent of patients
m the Taylor senes)—simple closure

Sertously 1ll from unrelited diserse but with perforation as well (5 per cent)—
continuous aspiration

Not seriously ll and with a rupture of an acute ulcer 1bsence of previous
history of ulcer symptoms (30 per cent)—continuous aspiration
Not seriousl 1l and with a rupture of a complicated acute ulcer (
bleeding or pylone stenosis) or with chronie ulcer compheited or uncom
plicated (60 per cent of patients) -immedinte subtotal gastnc resection

1o

ca

d

kS

It 15 to be noted that the currently most popular method simple closure
has a smll role 1n this plwn While only the future can judge with finility
the ments of this proposal 1t 15 based on sound observations on large
sertes of perforated ulcer wherem the important differentinttion between
acute nd chromc cases 15 made (Jones and Doll 1953 Taylor 1957 and
others) The writers wish to enter 1 plea that all those who plwn future
reports on perforited ulcer series similirly differentinte between 1cute
and chrome cases

Thble 1 indicates the great dispartties following continuous aspiration
1 ulcer cses clssified as acute or chronic 1t the time of perforion The
percentage that remained well was 93 per cent m the 1cute ¢1ses and only
20 per cent when the ulcer was chrome Smmlarly there were moderate
or severe symptoms 1 only 7 per cent of the 1cute c1ses wnd n 80 per cent
of the chronic cases None of the acute cases led to subsequent partial
gastrectomy while 48 (44 per cent) of the chronic cses had such severc
subsequent symptoms that 1 partial gastrectomy was required hter These
obseryations would mdicate that the ultimate results 1re excellent in acutc
uleers that perforate when continuous aspiration 1s uscd as the definitne
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treatment Smee the mortahity wath this tre tment for sueh cases 1s recog
mzed 1s beng low 1t would scem logicil to conclude that f one has 1
pitient with 2 hustors of less than three manths duration withont massive
preumopenitoncum nd without relapse i the hospatal 1t 1 s7fe and

ferable to utilize aspiration Under most other cmrcum
stance earhy defimtive resection 1s indieited

MASSIVE HEMORRHAGE

Recurrent minor hemarrhages represent an indication for operation under
the heading of mtrictability of the ulcer rather thin of hemorthage per se
\lassne hemorrhage from a duodenal ulcer [ mamy probl

which are still unsolved Whethier the dagnosts 15 certua or uncertun the

[oX3 ke

)

-
+
-
Q@ woom
»

Fio 8 ~Suegacal tratment of masse ¢ hemorthage from peptic wleer

surgeon must decide the wisdom of operition ind the tming Suffice 1t
tosay thatif the diignosis 15 uncert un we exhivst every dngnostic me ins
possible before performing a blind rescction This method mtroduced by
Wangensteen (1945} 15 often the hest thing to do under the arcum
stances but t still has 1 element of finality to the patient even if he
survives and st 1s seldom satisfyng to the surgeon

The question as to which procedure (Fig >) 1s preferible when the
thagnosts 1s certamn also presents many difficulties Karlson Enguist Den
ms and Fierst (1958) attempted to compare on 1 preselectcd rotation
basts the results from three methods {1) ultraconservative {Andresen)
(2) agyressive surgical (Stewart) and (3) sclectne The results n a
small group of cases indicited that the ultraconsen ytne method did 1s
well as or better than the other two as far as mortahiby 1s concerned On
the other hand 1n some wnstances operation will save 1 patient and 1t 1s
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2 difficult decision to permit a patient who s bleeding to bleed to dexth
As Dunphy (1958) stated until more data are avaulible “I think we
should regard bleeding ulcer i general as an exsangumation syndrome
best treated in the selected patient by operation

Fnally 1n our experience even the use of balloon tubes his not com
pletely elummated the frequent danger of aspirition pneumoma m mas
sive upper gastromtestinal tract bleeding Wangensteen (1938) pomted
out that mssive hemorrhage 1s the most frequent cause of death m peptic
ulcer This complication 15 the current unsolved problem in peptic ulcer

SUMMARY

In this chapter we have discussed the mdications for operation in duode
nal ulcer These mdications mclude obstruction mtractability nd 1n
compatibibity of medical treatment Certain physiologic studies have been
histed which were carried out during the past few years We have pomted
out that while twenty years ago there was only one acceptable operation
for duodenal uleer (gastric resection ad modum Billroth II) and ten
years 1go only two such operations (gastric resection ad modum Billroth 1T
or vagotomy plus dramage procedure) today there are many apparently
good operations for complicated duodenal ulcer Any decision as to a
preference rating of these procedures must be based on physwologic studies
s well as on chmceal experience

The treatment of perforated duodenal ulcer 15 P 1 by w ever
lower mortality using any of three methods of treatment currently m
vogue—contimuous aspiration simple closure and early subtotal gastric
resection It would seem that consideration should be given to 1 wider
use of the suction method 1n acute ulcers (those wath a hustory of dyspep
sia or evidence of ulcer of less than three months duration) Simlarly
resection should be used 1 more cases of truly chromc ulcer Simple
closure would then be utilized for a smaller group of intermedhate cses
and would not be performed as frequently as it now 1s in most clinies

The best treatment of massive hemorrhage from duodenal uleer 1s even
more uncertun at present Unbike the situation with duodenal uleer 1o
general or with perforated duodenal ulcer where we have not only raisc d
questions but have ventured to answer them i the casc of massive hem
orthage we can only raise the questions It 15 hoped that future studies
will help answer this unsolied problem in duodenal ulcer manigement
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strengthened the behief that some form of gistrie dranage should become

2 put of vagotomy since 3igotomy rctarded gastne motility thercby'
fuonng stisis Castric stasis was observed m spate of little or no stenosts

at the ulcer site

GASTROLNTFROSTOAY IN RLLATION TO GASTRIC STASIS

Gastroentcrostomy thus became routine for all pitents when vagotomy
ws the surgicnl treatment performed In some patients it was more con
vement to plice the gastroenterostomy somewhat higher on the greater
curvature than w s the usual cnse Expenence soon demonstrated that 1
Iugh lymg gastroenterostomy failed to provide adequate drunage of the
stomach This ws m part the result of hypomotiity after v igotomy  partly
due to the scuning nd contricture of the lumen when present The
retamed gastric contents m these pitients served to distend the antrum
and thereby actnate the gastnn mechaumsm cusing hypersecretion of
gstric juice Thus 4 patient in whom the ongimal ulcer was of cephahc
ongin might 1gun become prey to hvpersecretion this time from the an
trum Cunously recurrence of the previous duodenil ulecr was rarely
observed More commonly ulcerition occurred 1n a new location

Dr Willam E Adams who swith Dr DAllas B Phemster performed
the first successful pnmary anistomosts of the lower esophagus and upper
stomach for carcmoma of the esophagus (1937) rethized that biltteral
vagotomy could not be wvorded m esophagogstnic resections for malig
nant disease This sugzgested that gistnc ulcer might be 1 comphcatian of
such m wiich pyloroplasty or gast had not been
performed dunng the erher vears of this procedure Gastric ulcer as 1
complication had occurred in four patients of the group when neither
pylnmphsty nor gastroenterostomy hid been performed (chap 4)

The problem of gastric stasis was further pursued expenimentally by
Dragstedts group at Chicago Many of these ¢ xperiments have been dis
cussed by Dr Oberhelman ta chapter 4 The essential conclusion from
these experiments was that g placed suff Ty low 1

the stomach to permit complete drainage after vagotomy should prevent
wtral stimulation

HYPERSECRETION FOLLOWING VACO[ONY

Neither climel nor expenmentil obscrvation expluned why the ulcer
after complete vagotomy should occur at the stomal site rather than in the
duodenum In fact when talang 1nto account only the concentration of
free acid n the gastne content 1t did not seem possible to explamn why
these paticnts would develop cither a stoml or a duodenal ulcer They
were readmitted for further study In some the concentration did prove to
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8  Cliucal Impor tance of the
Cephalic Seci etory Phase Results of
Vagotomy and Gastroenter ostomy

During the past fifteen yvears at least five types of sugical operations have
been employed 1n the treatment of duodenal ulcer Some of these have
been discussed mn the precedmg chipter bv Dr Harkins There 15 no
agreement as to which operation 1s best nd 1t 15 probibly better that no
one operation dommate the surgicil theater in the treatment of duodenal
ulcer In the first place the vaganes of anatomic detail 1s well as changes
secondiry to the ulcer itself will necessitate accasiont]l modifications of
otherwise standardized procedures As further physiologicil information
becomes available and 15 applicable to the pithogenes:s of uleer 1t may be
possible to devise more physwologrerlly v ald operitions or 1t least to select
more wisely that procedure which 1s best swited to the particular patient
Finally a surgeons mdrvidual background and expenence will alwavs
play n tmportant role m his choosing one procedure for use when other
considerations do not weigh heavily 1 hns decision

THE EVOLUTION OF VAGOTOMY

Fundiment1l to an understanding of the dati on vagotomy 15 an ware
ness that this surgical technic has been modified from time to time as ex
penence has accumulited When Dragstedt mtroduced the operttion 1n
1943 the first objecine was to evaluate the effect of vagotomy alone on
duodenal ulcer Therefore m the 1bsence of gastric retention from scar
ring in the region of the duodenal ulcer vigotomy w1s performed without
gstroenterostomy or pvloroplasty In all vrgotomy s the only operitive
pmcedurc w1s performed on 161 patients Gastnie aaidity fter v igotomy
was reduced to levels below normal and the ulcers healed But this senes
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n most patients wd generally disappear ifter 1 few months to 1 year
even when oo dr inage proce dure 15 inclnded

VAGOTOMY AS THE OPERATION OF CHOICE

At the Unnenstty of Chiengo Chimes vagotomy remuins the trcatment of
chorce for most patie nts wath duodenal ulcer The exceptions are patients
who are blecding massively t the time of operation or who have duo
denl purfaritions Excision of the ulcer and hg ttion of ats blood supply
or closure of the perforation seem absolutely essential under these ercum
stances Generalhy these maneuvers are best accomphished with some form
of gastne resection lthough the local excision of the ulcer wath igation
of the bleeding rtery fore and aft as suggested by Wanberg has been
used successfully here 1n some patients In the case of perfortion simple
dlosure 15 wdequite

POSTO1 ERATIVE MANAGEMENT OF PALI?NTS WITHH VACOTONMY

Gastne wetention during the early postoperative period continues as 2
potential problem When 1t occurs 1t 15 a disturbing compheation but we
e convineed that carefu) 1 to ngid | ples of g

will prevent nearly Wl such problems It must be emphasized agan that
the stomach after vagotomy 15 remithibly susceptible to ncute gastnie
dilatation and that once this develops 1t s difficult to treat The vagoto

mized stomach tolerates distention poorly wnd does not recover rapidiv of
distention 1s allow ed to derelop Honever it will seldom accur if the fol

lowing principles are followed

—

Mamtenance of decompression by nasogstne tube or gastrostomy tube for
atleast the first four postoperative davs
On the fifth sixth seventh and exghth postoperatne davs clear hquds only
are allowed commencmg with 30 ml 1 merements of 30 ml each hour each
dyy untila total of 120 i 1s bemg well tole rated
The stomach should be aspirated approumately two hours after the final
feeding each mght for several days once the patient begns to eat If the
;}esldua& 1s more than 150 m! the feeding should not be increased for a few
avs
Duang successive diys the diet progresses from full liquid to soft but alwavs
n small amounts per feeding Frequent smalf feedmegs but of adequate calone
composiion should be the rule for fiur to s1x weeks following vagoteny At
the end of this time all dietary restrictions are removed although as with
any patient diseretion 1s recommend

©

@

o

In our exp 4 to this p bhas ehmnited neasly all
the p;oblem\ of gistne yetention dunng the 1mmediate postoperttive
peno
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be increased but the quantity of free acd produced was 1bove normal in
llanstances The real culpnt—an nciesed output of hydrochlore acid~
was mashed when 0]y concentration of hydrochlaric teid w s trhen wmto
account

Three explinations for the hypersecretion scemed pliusible if vagot
omy was complete Furst usuilly vagotomy does not ibolish completely
the secretton of free hydrochlonic 1e1d s the antral phase of secretion re
mans intrct Second with gastric retention 1cid 1ccumulates and bathes
the gastric mucosa continuously 1n contrast to the more or less cyclic
phase of gastric secretion normally observed Third with gastric retentton
the resultant distention of the wntrum augments the function of the gastrm
mechanism Of the three the most mmportant is probably the contnul
bathing of the gastric mucosa by free hydrochlone 2e1d Otherwise one
would expect thit duodenal ulcer would be the nitural sequela

THE DUMPING SYNDROME
Another of the eather complhications of vagotomy was the dumping syn
drome—certunly not new to the surgery of duodenal ulcer In fact dump
ing had become sufficiently common 1n several centers to be considered
essentrally an unavoidable consequence of resection nd 1t w1s not bemg
taken mto 1ccount 1n the appraisal of end results In recent yeurs more
attention has been given to the disabling effcet of dumping following
gstric resection and 1t 15 included among the more important unfavorable
sequelre of all forms of gastne surgery The dumping syndrome 15 also 1
complicttion of gastroenterostomy alope 1t was seen when this was the
procedure used for the surgieal treatment of peptic ulcer Dumping mty
also be observed follow g pyloroplasty

Randll and hus ssocrates recently demonstrated that there 1s 1 marhed
decrese m blood volume following the rapd entrance of hy pertonic solu
tion 1nto the small bowel driwing healy upon plismr water and its
clectrolyte It This hyp ike state appenrs to explun
many of the symptoms referable to the dumping syndrome Howcver two
or three hours Iiter severe hvpoglycemia may develop and this n turn
may produce 2 chimeal pattern stmilar to that of an sulin reaction

Belelung and diarthea were lso frequent and distressing, compheitions
of vagotomy  particularly when vagotomy was performed wathout 1
drunage procedure These symptoms have been attnbuted to fermenta
tion of retuned food Following the use of gastrocnterostomy  there has
been a pronounced dimmnution of the serousness of these complamts
However careful questioming of patients reveals that these remun the
symptoms which more thin other comphetions follow vigotomy and
gastroenterostomy Fortunately these two complamts griduilly dumnish
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ation provides onfv 1 patial understanding of the problem presented by
the operited paticnt On the other hand highly suby ctive varbles such
as the pitient s assessment of Tus benchts are subject to sertous mismter
pretation fhus the terms one usts to deseribe bis results become of pan
maunt mmportance The following defimtions of results hwe been em
ployed m 1 attempt to evalante these patients a5 objectively 15 possible

Fxcelient—the prtent 1s completely free of g 1 svmptoms of M
kind without need for medication or dictry restuction

Good~the pitient 15 completely free of ulcer symptoms but his miner and m
frequent gastromtestin symptoms which may well be hunctional and which
require only simple or sporache dictary regulation

Far~the pattent 15 completely free of ulcer ssmptoms but 1s troubled by gastra
wtestmal disturb which are pletel: fled by diet or medien
tion symptoms do not mterfere with his social or vocational achivities

Poor—this category cludes operatn e dexths recurrences wd disabling nutn
tional or grstrowntestinal symptoms

Operauve deaths e defined s those occurning within thirty days of
the day of surgery Recurrence mens postopeé ratnve ulcer thon—duode
ny margmal or gastric—preferably but not necessanly proved by Xy
or re exploration We have not emploved the distinction between proved
and pessible recurrence The prestnce of symptoms suggestive of 1 recor
rence has the same sigmificance for the pitient and hus future whether or
not ¢ 15 proved tusnely  Occurrence postoperatrvely of
typied ulcer svmptoms or symptoms simulr to those present preopera
tively 15 considered presumptive evidence of recurrence Castromtestmal
hemorrhage of wmy magmtnde or form 1s dered indicative of recur
Tent uleeration

We und others have been impressed by a syadrome occurnng after
vagotomy which includes epigastric distress and melena although the
measured acid secretion 1s Iow Several of these patients have exhibated
an erosive gastntis at reoperibon without iny discrete nlcer The physio
Iogre significance, of this syndrome 1s not understood 1t the present time
but these patients are considered to have recorrent ulceration

Included 1 the group of pitients with nutetonal disturbances are
thost with the dumping syndrome those who hue lost @ sigmficant
mount of weight or who hive fuled to regan ther optimum wesght
Ppitients with stasis nd gastnc retention of snfhaent degree to require

rigid dhetry manngement and a small group with severe and persistent
divtrhen

A tibulation of the results of thaiapy in the 724 piticnts who could be
triecd s as fotlows
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EVALUATION OF VACOTOMY AND GASTROENTEROSTOMY

Inevitably nterest 1n the ulcer problem leads to concern about methods
for reporting results of therapy Granted that duodenal uleer 1s 1 chrone
and recurring disease 1t would scem that standards smular to those used
in reporting on cancer would be desirable A parallel to the five year sur
vival mtes m cancer patients would be ta report results of treatment for
duodenl ulcer 1n terms of freedom from disease after five and ten yeus
or longer A subsequent publication from this Inboratory will be devoted
to 1 long term follow up on 2 group of 500 patients However it seems
pproprinte at this time to review the total expenience at the Unversity of
Chicago n the treatment of duodenal uleer by vagotomy and gastroenter
ostomy

CONMPOSITION OF THE PATIENT SERIES AT CHICAGO

Between 1943 and 1945 vagotomy alone was the procedure used m the
majonty of patients 1 dramage procedure bemng done only when there
was evidence of scurmng m the region of the pylorus A total of 161 pr
tients had transthoracic or transabdominal vagotomy wathout 1ssociated
gstroenterostomy The recurrence rate in this group of patients wis com
parable to those trcated by the combined operation However as his been
mdicated above a sigmficant number had distressing symptoms of gastric
retention necessitating 4 subscquent gistroenterostomy  After 1949
vagotomy wis always combied with a gastric drunage procedure For
this reason these first 161 patients will not be considered further

Vag: y plus gastre omy has been performed 1n 757 patients
The mdications for operation conformed to the classical tetrad with one
exception operation was oceasionally recommended for patients with noc
turnal secretions six to cight times 1n excess of normal 1n spite of the 1b
sence of classical indications for surgical intervention In general vagot
omy ws not performed on patients who were bleeding massively at the
time of operation However hemorrhige which had ceased several dws
prior to operation w1s not considered a contrundication to yagotomy

Follow up has been achiesed in 95 per cent or 724 patients Wherever
pr'lc(lc’l] follow up nformtion was obtamed by personil ntersicw and
appropriate dignostic studies When this approich farled use w1s made
of 1 questionnure which has proven to be 1 reltible estimate of the pt
tient s situntion Patients have been followed from 1 to 15 yers

RF1ORTING THE RFSULTS
Tn the treatment of duodenil ulcer cvaluition of the results of therapy as
Qifficult at best Consideration of such quantifiable modilitics s chinge
m weight return to formcr occupition nd frecdom from recurrent uleer
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ahon provides only a putnl understanding of the problem presented by
the apertted patient On the other hand highly subjechive vanables such
as the prtint s assessment of fus benefits are subject ta senous msiuter
pretation Thus the terms one uses to descrshe his results become of pary
riount smportance The following defimtions of restdts have been em
ployed 1 an wtrempt to evalamte these patients s objectinvely ws possible

Exeeltent—the pivent 1s completehy free of g, 1t ssmptoms of amy
hind sesthout need for med or dietary r

Goad-the prtient 15 completels free of ulcer ssmptoms hut has minar and
frequent gastromtestinal symptoms which may well be functional and whach
fequire anh stmple or sporadic dietsry regalation

Fasr~the patient 13 completely free of uloer s mptoms but 1s troubled by gastro
ntestin1l dssturbances which are incompletely controlled by diet or medhea
tion symptoms da not interfers with s soctal or vocitsonal achwaties

Poor-this crtegory mncludes operatne deaths recurrences and disabling nutn
tional or grstramtestinal symptoms

Operative deaths e defined s those aceurnng withm thirty duys of
the day of surgery Reeurrence means postop e ulcer duod
nal margmal or gustric~preferably but not necessardy proved by X riy
or re explorition We have not emploved the distinction between proved
nd possihl The p of symptt suggestive af 1 recur
rence has the same sigmficance for the pitient and his future whether or
not s s proved isnely O postoy 1y of
typical wleer symptoms or ssmptoms sumlar to thase present preopera
tnely 15 dered p pine evid of recurren 3
hemorthage of any de ot form 15 dered indicative of recur
rent ulceration

We and others have been unpressed by a syndrome occurnng after

b which wcludes eprgastrse distress and melena lthough the
measurer acid secretion 1s low Seversl of these pinents have evhubited
an eroswe gastrstss at reoperation without am discrete vlcer The physio
fogre sigmBeance of ths syndrome 15 1ot understood at the present time
but these patients are considered ta have recurrent ulceration

Included m the group of patsents with nutrshonal disturhances are
those with the dumping syndrome, those who have lost 1 sigmficant
amount of werght or who have fadled to regun their optnum weght
patients with stans and gistric retention of sufficient degree to requize

ngid dietirs, management wd 4 smll group with severe and persistent
dsasthea

A tibulation of the results af therapy n the 724 patsents who could be
triced is s follows
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Excellent results 378 patients {52 per cent)
Good results 195 patients (27 per cent)
Tr results 51 patients ( 7 per cent)
Poor results 100 patients (14 per cent}

An mlvsis of the poor results shows that there were eight operatne
deaths an operative mortahity of 1 per cent These deaths were due to
bronchopneumoma cerebral vascular acaident and myocardial infarction
There was in addition one death attributable to pertonttis following
breakdown of the gastroenterostomy

The 92 surviving patients who are rated 1s showmg poor results may
be listed 1ccording ta the site of their recurnng ulcer or the nature of their
nutntional disturbance as follows

Recurrent ulceration 77 patients (10 6 per cent)
Duodenal ulcer 8 patients
Marginal ulcer 42 patients
Gastric ulcer 4 patients
Erosne gastntis 23 patients

Gastromtestmal disturbances 15 patients (2 per cent)
Dumping syndrome 3 patients
Gastnie retention 8 patients
Werght Joss 2 pavients
Diarrhea 2 patients

The fate of the 77 patients with recurrent ulceration may be duided
mto three categortes (1) medical management led to rclief of symptoms
m 43 patents (2) an dditiona] 19 were successfully treated by ridition
to the fundus of the stomach and (3) fifteen required subsecuent ¢ 1strec
tesection This latter group comprises 19 per cent of those patients with
1ecurrence and a little over 2 per cent of the entire serics of patients
treated by vagotomy and gastroenterostomy

CONCLUSIONS
In attempting to ey hunte n operatrve procedure for the relief of duode
nl uleer the two questions which e rused most frequently are W hatas
the recurrence rate? And what degree of patient disibihty mmy be e
pected n order to 1chieve freedom from postoperitive complications®
The recurrence rate in this series of 724 patients treated by vagotomn
ind grstroenterostomy w1s 106 per cent The hiterature on the results of
ubtotal gastrectomy show recurrence rates as low s 23 por cent wmd s
Iugh 15 9 per cent However on the whole we conclude that our incadenc
of recurrcnce 1s somess hat lugher than 1s reported for those scres which

feature more drastic surgery
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As to the sccond question our operapve mortabty of 1 per cent 1s
probably awreducible it 15 certunly lower thin that Accompnsing sub
fotal gastrie yesechon It ss obvious that the distbhing effict upon the
patient will be less with our mummal sperstise procedures

As tnamy evalustion of 1 medical treatment we we freed with mamy
uoknowns—swhat happened to those prtients who could not be traced
those who thed as 4 result of operition~and we must heep 1 mind the
objectnity ercumspection and ccuraes required wn assessing the re
sults Reparts continue to appear m which the actuil condittens e 5o m
adequatcly desenbed 10 which the time factors umts of measurement
nd other terms are so looscly defined that compnsons cinnot be made
between the different methads of treatment Climenl results which cnnot
be readsly apprased by others confuse rather than clanfy the ulcer prob
lem We realize that this brief report 15 not «bove these entisms but
senious attempts are under way to reduce such deficiencies sa that ¢ bet
ter accounting may be made of this method of tresting duoderal ulcer

Althongh the Sgures will chinge with more subjects wnd with better
seporting of results nd comparstie studies will perhips become pos
sible the absolute values of yagotomy 1re nat kel to chnnge Dr Drag
stedt summanized these a few vears ago m considening the lot of any
group of duadenal ulcer patients d to vag nd g
ostomy An unfortunate few he sud will develop recurrcnt ulcer wien nd
will be forced to adhere to nigid medieal therapy or nsh further opera
tons Their posstion wilt be but little worse than if they had hod resection
imtially But the great majonty of those treated by vagotomy wall sunave
the operation never more to be troubled by thewr ulcer but retunmg 1
comfortable and efficient gastromtestimal tract

Thus secms to us a reasonable approach Unfettered by the feeling that
an wlccrless pattent 1s a well patient vet not compromused by the cancept
that an mtact digestive system 15 its own rewud the surgeon with this
attitude can attack ulcer diseise with connderable hope of success
coupled with the knowledge that the people he labors to help will be no
more handieypped than before he met them
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9 Gastrc Ulcer Peptic Actrondy
m the Physiwlogy, Pathology,
Claucal Course, and Ther apy

The purpose of this paper 15 to discuss the ole of free hydrochlonc acid
and peptic digestion in gastric ulcer Its pathogenesis and course and the
mechanism of pun are directly related to peptic activity The problem in
differentinl drgnosis arises from peptic digeshon m cancer The bsic
prmaiples of therapy relate to the control of the wcid pepsin factor Our
concepts will be ntroduced by the presentation of four sclected cists

Case 1—G M 1 fifty eight vear old white male admtted on May 22
1935 gave a history for the previous five months of mtensc gnawing postpran
dinl epigastnic pain partially relieved by milk He had lost five pounds A large
uleer near the cardiy of the stomach had been reported by radiologic examn
tion elewhere and treatment had been mshtuted with symptom tic reltef An
1etn e duodenal ulcer had been dragnosed 1 1950

Routine exarminations of the blood and urnine were normal The stools were
negatne for occult blood Gastric analysis disclosed a low bisil secretion with
1 maumum nisc to fourteen chmical umts after the administrition of Histalog
(Table 1) The gastroscopist did not visuahze a lesion Gastric cytologic studies
revenled no mahgnant cells On Mav 23 and agam on August 3 a shallow ulcer
crater demonstrated ridiologically high on the posterior w1l of the lesser cunna
ture was mterpreted 1s bemgn The patient after discharge from the hospital
continued free of pain on strct ulcer management

On November 12 the \ rav examiner reported 1 small postcror gstne uleer

184
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which was interpreted as 1 “possible neoplism  On December 3 another ex
ammer described a small ulcer on the greater cur 2ture high in the fundus with
unexplamed polypoid deformities and stated “Carcnoma 15 2 good possibilits *

As will be seen from Figures 1 and 2 the different descriptions all refer to
the same ulcer

The pattent was readmitted to the hospital on December 14 1955 with no
remarkable findings on physical or laboratory examination  Eaght stools were
negative for occult blood The gstne secreton studies were reprated (see Table
1} Cvtologic studies were agun negttive for mahgnant cells An ulcer 1-2 em

TABLI 1

CASTRIC \NALYSIS OF CASE 1—C Al
(Fa ting an ] Post Histalog Secretion of T'ree HCl )

1955 1956 1957 | 1938
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m hameter Jocated just below the cardia was visualized meompletely at gastros
©py makgnancy could not be excluded \ riy examination of the stomach on
December 17 reported 1 “marked 1ncrease m the size of the ulcer high on the
Posterior wall near the fundus—cannot rule out caraimomn ”
‘The pam had become severe and was continuous day and mght Stnet ulcer
with an holmergie drug ind hourly doses (46 gm ) of caleum
carbonate and 90 cc of equal parts of milk and cream fuled to 1fford rehef for
several dwys finalhy constant gastric suction relieved the pun D and rught
mk and antacid therapv w15 then resumed Roentgen iradiation (1600 1) to
the fundus and bods of the stomach was mstituted on Janury 6 1956 to produce
achlorhy dna of possible Roentgenologic examimnation at the end of theraps on
Januan 17 1956 demanstrated an enormous 20 X 25 em crater on the
Postenior wall of the fundus looking Iike a dn erticulum
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All subsequent gastric analyses failed to eheit free acid X ray exammation on
January 31 demonstrated 2 decrease 1n the size of the ulcer Gnstroscopic exam
mation on February 5 disclosed an ulcer estimated to be 10 em 1n diimeter
and mterpreted as definitely benign The patient continued free of pam and was
discharged February 8 1956 on a strict ulcer management Roentgenologic ex
ammations of the stomich m Mairch and August 1956 January 1957 and
March 1958 demonstrated no abnormahty (Fig 3) Repeated fecal exammt
tions were negative for occult blood The gastroscopie exammation and the cyto
logic study were agamn negitve m January 1957 In March 1958 the patient
reported that he had had no recurrence of epigastne pun On Apnl 17 1958
he died of a cerebrovasculir thrombosis as shown by tutopsv A well heiled
fibrotic scar was found mn the stomach at the site of the old ulcer {(Fig 4)

Fic 1 —Case 1 Small gastric ulcer loc ited on the posterior wall ugh in the stcmach
increasing 1n size from May tC Aug st to November (#hree tep ticws) £3 D comber
(threc lower vews) The three lower vicws (December 3 1955) show the ulcer en
face and en profile Jesser curvature
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Case 2—D M a white female was twenty nine vears of age when first seen
1n 1854 for nwusea of exght days duration She werghed 105 pounds was 5 ft
7 tall and tense and nervous mn temp A compl 1 ex
ammation meluding X 1y studies and gastric evtology was negative Gastro
scopic exammation disclosed mmimal patchy atrophie gastntis The gastric
analysis revealed  low basal secretion with a peak of 49 chmictl umts after the
mjection of Histalog (Table 2)

Fic 2 —Case I Further mcrease in the size of the ulcer shown n Fig 1 The differing
appearance of the lesion 1n different projections 1s apparent i the three top exposures ot
December 17 and also 1n tl ¢ three bottom exposures of Jwnuarv 17 1956 The greater
size and depth of the ulcer compared with the earh r views 1s apparent and 1 our
Judgment can only be ascnbed to an increase 1n the size of the original ulcer

In January 1955 she developed nausea after eating plus pain located hugh
m the epigastnum  and she was hospitalized on February 2 The physical and
Laboratory examinations were not remarkable except for a four plus reaction
for oceult blood 1n the feces by the benzidine test Gastroduodenal X ray exam
ination demonstrated an ulcer 20 cm 1n diameter and 15 cm 1 depth on the
lower part of the lesser curvature 1t was judged almost certamly bemgn (Fig
5) Gastroscopy revealed an ulcer approumately 15 em m diameter and 05



Fie 3 ~Cael oilin f the uleer with normal mucosal pattern Upper left, March
1956 upper nght August 1156 lower left Juary 1957 lower nght March 195



Fic 4 —Case I Note mtegnity of mucosa with bsence of underving submuco a and
musculans at site of previous lcer

TABLE 2

CASTRIC \NALYSIS OF CASE 2—D M
(Fasting and Post Hi talo,, Secre 1) of Free HCl)

1954 1958 1956
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em deep just proximal to the angulus Peristalsis was normal the margin of the
ulcer was sharply demarcated 1t was called probably bemgn  Calcrum carbon
ate (20 gm ) Alternating with 90 ce half milk 1nd half cream every half hour
were prescribed Pamane was given m daily doses inereasing from 50 mg t0 325
mg  the Inrger dose admmstered continuoush from March 18 to Mav 12 The
milk and caleum carbonate were continued every two hours throughout the

h restoration of a
16 5—Case 2 Healing, of a Lirge ulccr of the lesser cursature wit] of
nn:n\‘ mucosal fold pattern Tep trews el ruany-March 1953 lowerleft Apnl 195>
lower nght January 1957
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mght the pam persisted On March 23 the patient was given a constant mntra
gastric drip contuning 10 gm sodm bicarbonate per hiter of milh which pro
vided complete relief The prtient receved gastne radintion therapy (1650 1)
begmning Februan 21 wnd ending March 8 (See Table 2 for the subsequent
gastric anahses ) The intragastnie dnp w s discontinued on Apnl 7 and the
pitient remained symptom free Gastric estology prior to discharge was agamn
negitive On Apnl 8 1955 gastroduodenl films showed only 2 verv shallow
setr packet remumng at the site of the previoush demonstrated crater Five
subsequent examinations to Jumrs 1938 hmwe all disclosed a normal stomach
(see Fig 5) The patient has continued antioid medication Pamine and pheno
barbitil wath no return of symptoms

Case 3—J € 1white mile was first scen 1 July 1938 at the age of forty
with a history of postprandial and nocturnal eprgastric pain for two years A duo-
denil ulcer was sud to have been demonstrated in Mav 1937 The advice of
hospitahization h1d not been accepted Penodic episodes of pam continued but
the pitient was symptom free whenever he 1dhered to 1 ngorous medieal pro
grum In 1943 following a recurrence of pan he had \ r1y films taken which
were said to hue revealed a gistnc ulcer In 1944 he expenenced hematemesis
and was advised elsewhere that immedrate surgery was mandatory He then re
turned for our advice

The histamine test revealed 2 peak of 85 clinteal umits of hydrochloric acd
N\ ray exammition demonstrated an ulcer criter on the lesser curvature of the
stomach (Fig 8) The mitinl gastroscopic ex umnation disclosed 1n uleer about
20cm i diameter which could not be differentiated completels from a mahg
nint ulcer However two weehs lnter on December 18 the ulcer had decreased
W S1Z6 15 seen Ily and radiologically 1t apy dberngn On January
5 1945 the ulcer gastroscopically was smaller ind shillower the borders were
sharp and clean cut there w 1s no nodulanits or stiffness the surrounding mucosa
appeired soft and pliable the ppearance was that of @ healing bemgn ulcer
Exwmination of the stools for occult blood varied from negative to a fantly
positive reaction

Treatment consisted of the stindard 1ntictd program in the hospital fram No
sember 22 1944 to January 9 1945 Roentgen irradiation (1 600 1) was directed
to the fundus «nd body of the stomach over a sixteen day penod ending January
G and resulted m a hrstimme fast 1chlothydry On Mav 9 1945 roentgenogrims
disclased the gstric ulcer to be healed ind the mucosil pittern norm 1l Gastro
scopic exarmination noted the slow but progressive healing of the ulcer on Febru
ary 5and March 14 with complete healing by Apnl 4 1945 Subsequent gastro
scopic examinations mn October 1945 Januarv 1948 ind November 1949 re
vealed a normal mucosa except for patchy 1reas of atrophy Subsequent X ray
exammnations the last m \March 1951 d d the duodenal def and
the normal stomach (Fig 7) Histamune fast achlothyvdna was still present An
nual reports by mail to October 1957 ndicate that the patient has hid no sub
sequent distress
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Case 4~A K, 1 white female ws sty three veus old when first seen in
Aprl 1936 she hid hid peniodic epigastnc distress of the ulcer ty pe for thirty
vears R log! disclosed an ulcer bemgn in 1ppearince huh
on the lesser curviture of the stomach Gustroscop cally the lesion appeared
benign Treatment with milk antraids and diet was followed by 1 remission of
symptoms X rays m Muv and July mdicated hetling sith scar formation but m
October an ulcer agun was demonstrited on the posterior wall of the lesser
curviture Gastroscopte exim nations totaling well over one hundred permitted

Fic 6~Case 3 Duodenil and g1 tric ulecr (4 ind B Januwry 1915) watt complete
healing and sestoration of the mucasal pattcrn (C 1948 and D' 1921)
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contimued obsersation of the ulcer as it fluctuated in size hetled nd recutred
‘The svmptoms wated and waned 1s the pitient 1dhered more or less faithfully
to treatment In April 1946 with 1 recurrence of svmptoms and with demonstra
tion of the leston 1g un gastroscoprcally and radiologeally at the same spot in the
stomach 1s on previous oceisions she was given 1600 r to the body and fundus
of the stemach The vlcer healed and has remamed healed to date (March 1958)
1s shown by lach of svmptoms and by repeated gistroscopic and roentgenclogic
eximmations The chlorhvdna his also persisted (Fig 8) The patient now
aight five vears of age continues m excellent health

€ I e "
a - B 5 " s

Fic 7-Cagse 8§ Clmen] course mdicating healing of the ulcer and chlarshydna
present to March 1951 graphucally portrayed in terms of radiology (¥ig 6) gastros
copy and gastric anlysis

PATHOGENESIS
PENETRATION VERSUS INFARCTION

Pathologsts formerly f1vored the theory that peptic ulcer wose from an
nfaret, becwse of the gross appearnce of the lesion at qutopsy nd be
cause they found thrombosed vessels in the base Subsequent workers
ttributed the thrombosis to the mfammatory process (1) That the lesion
15 1 fact penetranve 1s evidenced by a number of facts The climeal
features th Ives are suggest rence of the ulcer at the same
Site acute perforation and massive hemorrhge occurring s episodes m
the course of a chrome ulcer and mndeed the very chromaty of the
fesion Expenimentally produced ulcers s muliting the human lesion are
penetrating and lead to detth of the ammal from acute perforation or
massive hemorrhage (2) Locilized infarction eannot be produced ex
penmentilly by ligation of smgle arteries because of the abundant col
Iiteral crrculation The concept of mfarction has persisted chmcally
spite of these considerations owing largelv to the fct that the radiologst
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Case 4—A R, 1 white female was sixty three vers old when first seen m
Apnl 1936 she had had penodic epigastnie distress of the ulcer tvpe for thirty
vews R logic exummation disclosed w ulcer bemgn in appearance high
on the lesscr curvature of the stomich Gastroscop eally the lesion appeared
bemgn Treatment with milk antacids and diet was followed by 2 remission of
svmptoms \ ravs 1n Mav ind July dicated healmg with sear formation but
October 1 ulcer agun was demonstrated on the postertor wall of the lesser
curvature Cistrascopie exim nitions totaling well over one hundred permitted

ko ed

hoecmpl t
6—Case 3 Duod ol and gt dleer {4 md B Jawwny l.M)) witl p!
hc.]\;‘-;g and restoration of the mucosal pattern (C 3943 and D 1953
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TEFTIC DICESTION AND ACID ATTACh VERSUS \{LCOSAL RESISTANCE

Hunters (4} question—Whs docs not the normal stomxch digest atself>—
has never been nswered fully The mucous bamer according to Hol
lander (5) consists of 11w er or shect of viscous mueus nd an underlying
layer of tall columaar eells 1F this Jner of mucus 1» wiped Tway continu

aush for 2 fow minutes under evpenmental condittons and the surface 1s
bathed in acid gstne Juice an ulcer develops quuekly (6 7) The mucous
bunier mav be ihuenced expernmentally (45) hut not ehneally Tt evs

dent th it some factor must facilitate the acd pepsin penetration A vanets
of candstrons such 1s edem2 anemnr shock vasoconstriction and hemo

cancentration {23 24 23) may merease Jocal vulnerabibity Atrophue gas

tntis 15 found gastroscopreally an 28 per cent of the p dients wath gastric
ulcer whereas m those with duodenal ulcer it 1s found i onhy 5 per cent
{26) In the prescnt state of our knowledge pnmary emphasis must be
placed upon the. presence of 1ad gastric yusce for st 15 the sine qua non of
thronte peptic ulcer the smportince of free hvdrochlone acid my be
likened to thit of w essentinl catabyst i 1 chemieal reaction without
which the end product chrome ulcerton cmnot or does not oceur

SECRETORY LEVELS IN PEPTIC ULCER

Levint et al (8} huve shown thit the mean fasting twelve hour secretion
of free b drochlonic 1exd s neashy four times as high 1 patients with duo
denal ulcer (2242 mg or 616 mEq ) as &t 1s 1 vorm:f mdniduals (681
m, or 182 mEq ) In gutne uleer the mean fstng secretion ss below
normal (454 mg or 125 mhkq ) Jimes nd Pichenng {9) came to simlar
conclusions Ulcers m the turminal antrum wnd the prlone channed tend
to be accompinied by metn secretary values mtermedhite between those
for gastne and duodenal uleer (10 11} There we wide ringes m the
secretory kevels fram pitient to patent 1 ducdenil wheer wide ranges m
the amount of hypersecretion 1 gastae uleer wade ranges from hyper
ta hyposceretion{ Dragstedt et @@ (12) have shown that the hvpersecre
bon m prhents With duodenal ulcer 15 medited over the yagus nerves
they postulated that in prtients with gastric uleer the stimulns 15 Jwgeh
antral i ongin (13 14) Our concern has been to demonstrate the 1n
vanahle presence of acid secretion m bemgn gastnic ulcen {15 Tt wait
be unted that the patients presented 1 this prper had low secrcton Tevels
sct free by drochlonic actd was present The trnmitory achlorhydny occs
somlly encountered m patients with chrome gastne ulees is false achlor
bydenn wath pH rnges of 35-70 (16) Acute or subacute lemons
ascertunable only at gastroscopy have been reported m the absence of
free acxd (17) Relatnely httle free wd 15 required to actinate pepsimagen
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routinely observes 1 decrease m the size of the lesion Tew radtologists
have had the opportunity to study pitients under the appropnate condi
tions to observe an merease m size In a paper (3) published i 193§
numerous roentgenogr uns were 1eproduced to provide proof of mcreasing
size of both gastric and dnodenal ulcers Evidence 1n the form of gastro
scopic obsers itions w1s also presented  showing the incrense of certin
grstrie ulcers whose identity could be determined becwse of their per
sistence 1 certun constint ares The evidence ws not acceptable to cer

T T oo Dapthbesy T T T T T T T

ROENTGENOLOGY

IOE E !! ! 1 ? GASTROSCOPY

3

EST M TEDDI METER
VLCER CRATER DS}

MAXIMUM FREE ACIDITY

; h 2
1936 1940 1944 1948 1952 1954 190

Tic 8 —Case 4 This chart deprets the many X rty ind Lotoscope cxmmat o1
showing, the continued prescnec of 1 gastne ulcer t 1 recognizable pomnt m the stomach
from 1936 ta 1948 The numercus lnstammpe tests rirehy showed 1 mivmom free aod
secretion ihove 40 chmal tmits transitory achlorhydrin occurred Wath the induction
of histumne fist whlorhydn in 1946 the ulcer heakd nd his remuned healed to
date (Apnl 193%)
tun workers who argued that the pprent crese might be duc to &f
forent rchologic projections or i fict that the fesions might be different
ulcers Addition 1l cascs hve been observed by us smee 1938 but the de
tuls hwe not been published The severil photoriphs sclected from the
mmy exposures made m Case 1 are tllustratine (Figs 1 wd 2) The uleer
ancreased in size quite dramaticlly It clearh was the syme leston at all
times 1t persisted i the sime spot on the postenor vl near the cardn
although s the piticnt was turned from side to side the Iesion appeared
on the lesscr or the greater curyature

Such observations mdicate that peptic ulecr 15 ponctritnve nd not the
result of an infarct The question then anses What cuses the ponetratine

pmccss"
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FEPTIC DICEATION AND ACID ATTACK VERSUS MUCOSAL RESISTANCE

Hunters {4) question—Why does not the normalf stomach digest stsel{P—~
Is never been answered fully The mucous battier according to Hol
lander {5} consists of 1 Iiver or sheet of viscous mucus wnd an undetyng
Iyer of tall calumnar cells If this Iayer of mucus 1s wiped away coatumu
oush for a fev mnutes under experimental condshons and the surface 15
bathed i wd gastsic pmee an wleer develops quckly (8 7) The mucous
barzter may be mfuenced espermmentally (45) but not chmielly It ev
dent that some factor must f1olitate the acad pepsin penctration A vanety
of conditions such s edemn anemun shock sasocomstaction and hemo
concentrabon {29 24 25) may wcrease local vulnerabdity Atrophic gas
tnts 15 found gastroscopicathy m 26 per cent of the patients with pastne
uleer wherens in those with duodenal wleer 1t 1s found 1 only 5 per cent
(26) In the prescnt stite of our knowledge prmary emphasis must be
placed upon the presence of 1ad gastric yuice for it s the site qua non of
chrome peptie ulcer the smportince of free hydrochlone acd miy be
likened to that of an essential cwtalest n 2 chemmenl reaction without
which the end product chreme uleeration eannot or does not oecur

SECRETORY LEVELS 1N PFPTIC ULCER

Levin et al (8) hrnve shown that the mein fasting twelve hour secretion
of free hydrochlone rexd 1s nearly four tumes as Iagh m pitients waith duo
dennl uleer (2242 mg or 616 mEq ) as it 15 10 normal mduaduals (661
wg or 182 mEq ) In gustric uleer the mewm fasting secretion 5 below
normad (454 mg or 125 mEq ) James and Pichermg (9) came to simdar
conclusions Ulcers m the termmal antrum +od the pylone chinnel tend
te be accampred by me n secreton saltes mtermediate between those
for gastne and ducdenal wleer (10 11) There are wide ranges i the
secretory Jevels from patsent to pitient i duodenl icer wide rangesn
the amaunt of hypersecretion 1n gastne ulcer wade ranges from by per
to hyposeeretion{ Dragstedt et al {12) hwe shown tht the hvpersecre
fion 1 patients With duodenal wicer 35 mediated over the vaus nonves
they postudated thit w patients with gastrie aleer the stumutng 15 hugely
antrd i ongn (13 14) Qur concurn bas been to demonstrate the
tunble presence of s secretion m bemgn gastrie uleeny (153 1t wall
be nated that the prtients presented m tus paper had Jow secretory levels
vet free hydiochlore wcid was present The tragsitory achlorhydi e acer
stonally encountered s patients with chronie gastne ulcer 1s false achlor
byder with pH ranges of 3570 {16) Acute or subacute lesons
ascestamable only at gistroscopy  have been reported 1n the 2bsence of
free nard (17) Red ttinely hittle free nad s requured to wanate pepsinogen
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and muntain peptic activity (Fig 9) (18) The role of free hydrochlone
1aid n pathogenesis 1 further prosed by the fact that when m the course
of 1 chrome gastric ulcer achlorhydnn develops or 1s muntuned for a
penod of three months or longer the ulcer heals nd does not recur for
the duration of the achlorhydra (19) (see Figs 7 and 8)

GASTRIG RETENTION

The association of gastne retention and gastric ulcer was noted by Cr
man 1n 1917 (20) Emery and Munroe (21) found rctention in half of
their patents with gastric ulcer Retention provides excessie contact of
the mucosa with the aaid gastrie content The cause of the retention has
been related to such conditions as reflex pyvlorospism impurcd mothity
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Tic 9-The effect of pH on peptic actnaty The optimum pH vanes depending
upon the protein being digested but pepsin 1pproiches 100 per cent ¢ficency at pHf
18 22 (After Hollinder 18 )

pre evisting hypertrophic stenosis of the pylorus pylonc uleer ather
Leiled or active stenosing duodenal ulcer nd more recently the po’st
vigatomy state i the absence of an adequate drunige procedure (22}

THE ORIGIN OF PAIN

The mcchanism of pun i peptic uleer has been eluaidited elscwhere
(26-30) The evidence mdicites that the digestive process resulung
peptic ulcer evohes m the tissue an mflammatory response chemictl i
ongn which lowers the pain threshold of the visceril nerves 1n the adge
or basc of the uleer The lowered pH of the gastnc content then constitutes
i adequite stimulus to the nerve endings The reltionship hetween
the screrity of the pun and the concentrition of acid 1s not 1 direct ont
The radity of the gastric content fluctuates with the rate of sceretion the
frequency ind mount of food eaten the mgestion of wticaids nd the
rite of gastrie emptyn, The wflammatory reaction fluctuites wd pro
duces vanibons m the pam threshold Pam s thus 2 resultint of the
threshold concentration of acid nd duration of action Some students of
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the problem hwve found st difficult to understind the presence of pam
often severe with relttinely low concentrations of 1cid perhaps they have
not apprecrted sufiently the wmportance of the threshold and the dura
tion of action

In 1946 Bonney wnd Pichenng {81) studied the time required to pro
duce pun with didute hnydrechlonc 1e1d m shin ulcers coated with mucus
wd seab of varable thickness They hyvpothesized that

In the shin the pan nenes ave almost cettawh exaited chemualhy In the
stamach all the evidence 15 1n favour of a siudar hpothests It 1s clear that the
time rclabions of pephic uleer pain are ont of line with the sdea that the pam nenve
endings be exposed on the surface of the ulcer thes are much too leng The time
relations are however entireh consistent with the hvpothesss that the pain nenves
are sitwated m the foor or sides of the ulcer and separated from the cavits of the
stomach bv a Iwer of from this pomnt of view functionalh wnert materal In
extending ulcer the slough coversag the ulcer base would do for this laver since
it 15 of the evpected order of thickness On this hypothess the pam fibers might
anse from many structures such as omentum Iner pancreas and posterior ab
dommal wall which m Jarge chrome uloers may contribute to the ulcer crater
But wn acute vlcers the imphicthon 1 of nerve endings hang w the wll of the
stomnach atself

The work of Bonney and Pickerng 15 10 complete 2ccord with the, concept
presented

1t should be apparent that such nerves with thewr lowered threshold for
the sensation of pun mu, be stmulated mechameatly as well as chem
cally (28) In a crucial evpeniment ¢ymed out i & patient with a fughly
sensitive and pamful duodenal ulcer subjected to operation under local
anesthesia Dragstedt and Palmer (32) produced severe pan by stroking
the serosal surface of the uleer by pnching the ulcar by stimul the
duodenal muscle into contraction and by bathing the susface of the alcer
witha olution of czd The threshold had been low ered so that mechnmt
eal or chemical umitation of the lesion evohed severc pasn

How does the exphnation given Bt wath the pun observed m the four
patients deseribed 1 this paper® Acid gastic juice was present m ll
Peptic actinity was almost surely adequate the mibien w 1 weguate for
the production of a chrome gastne ulcer and for the production of pam
In patients G M and D M the pun for a number of davs was severe
wnd continuous day and mght and 1t was not completeh relieved by the
mgestion of milk or other food by ciloum carbenate i Iir e 1mounts
sodhm b bonite and an antichol, gic drug in Iirge doses (P umme
328 my per dw) What is the expluation of the fulure or at least the
difficulty schieving the pun? It cannot be attnbuted easih to fulure to
et trabize temporanly the acid gastric puice or te bring the mtragastric pH
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nd mamtam peptic 1ctiaty (Fig 9) (18) The role of free hvdrochlone
ctd m pathogenesis 1s further proved by the fact thit when 1n the couse
of 1 chromic gastric ulcer achlorhydnr develops or 15 muntumed for 1
period of three months or Tonger the ulcer heals and does not recur for
the duration of the achlorhydn (19) (see Figs 7 and 8)

GASTRIC RETENTION

The assoc1ation of gastne retention nd gastric ulcer was noted by Car
man i 1917 (20) Emery and Munroe (21) found retention m half of
their patients with gastric ulcer Retention provades excessive contict of
the mucosa with the aaid gastre content The ciuse of the retention has
been related to such conditions as reflex pylorospasm 1mp urcd motihty
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upon the protem being digested but pepsin wpproachcs 100 per cent efficiency it pli
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pre eusting hvpertrophic stenosts of the pyvlorus pylonc uleer ether
healed or active stenosing duodenal ulccr and more recently the post
vagotomy state m the absence of n adequate drunige procedure (22)

THE ORIGIN OF PAIN

The mechanism of pam 1 peptic uleer his been eluerdated elsewherc
(26-30) The evidence ndicates that the digestive process resulting m
peptic ulcer cvohes m the tissue an flammitory response chemical m
ongm which lowers the pun threshold of the viscer1l nerves n the edi
ar base of the nleer The lowered pH of the gastne content then constitutes
w dequate stimulus to the nerve endings The relationship between
the severity of the pam ind the concentration of 1cid 1s not 1 direct one
The aexdity of the gastric content fluctutes with the rite of sceretion the
frequency and unount of food eaten the ngestion of antagads nd the
rite of gistric emptyng The mflamm tory reaction fluctuates md pro
duces varations i the pun threshold Pan s thus n resultint of the
threshold concentrition of 1ad and durition of action Some students of
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mg was obtuncd Dagridi ind Johnson (38) n 1 series of 100 gastne
ulcers found threc neoplisms (two lymphomas and one careinoma) The
accuriey of the total dingnostic study using the methods now watlable
Iixs thus far been found to approumate or be wathin the surgical mortal
ity presumably both will improve with refinements n technic How are
the vanous diignostic cnten to be used wd weighed®

HISTORY AS A DIAG\OSTIC CRITERION

Chronerty of symptoms of two yeirs or longer nd periodieaty are nfre
quent 1f niot rare m gstric cncer unless the patient has suffered from
an mdependent peptic ulcer or dyspeptic complunt Mamy patients with
benign ulcers on the other hand give histories of only a few months
duration with no sigmficint remisston The distress produced by the two
lesions may be 1dentictl with the sune relonstup to the ngestion of
food and the sime rehef from wnt1cads and ulcer mmigement the mecha
msm of pam 1s symlar

51MPTONS OF LITTLE DIAG\OSTIC VALUE

Loss of appetite and weight 1s not n exrly feiture of the symptomatol
ogy of either lesion nor 1s 1t obvious m ether 1t 7 ime when differentin
ton 15 difficult However 1t may be fair to s1y that m general the greater
these symptoms are the greater the likehhood of neoplasm

Of httle dingnostse value also are palpable masses These are late
signs of neoplasm whether metastatic or localized

Auvema anses from loss of blood except for the non uleeriting neo
plasms deseloping 1n patients with untreated pernictous inema hence 1t
15 of no differential value

OCCULT BLOOD IN THE FECES

Although found 1n both conditions this symptom 1s mportant for two
reasons Persistently negative stoals speakl rather strongly for bemgnaney
becruse at least 75 per cent of gastric cancers bleed persistently On ulcer
mangement bemgn ulcers should stop bleeding the continued presence
of occult blood 1n the feces 15 presumptive exidence of malignincy

GASTRIC ANALYSIS

There 15 1o secretory pittern char of mnl or

Free acd can always be demonstrated m bemgn ulcer assuming the use
of s1t|sfactory technies  mcluding confirmation ﬂuorosmplmll) of the
placement of the tip of the tube 1 the stomach and utilization of istamne
or Histalog Persistent true achlorhydnis meomptible with the dragno

sis of bemgn ulcer Cancer may evist however 1n the presence of a high
seeretory pattern
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to a ugh leve] An explanaton frequently offered for such paum 1s pene
tration or perforation as though this procedure m itself m some strange
wny produces pain The pain of an acutely perforited peptic ulcer 15
attributable to the imitation of the pentoncum by aad gastric quice the
neute perforations of other abdommal viscera or of gistrie cancers with
achlorhydria are not charactenized by pun of this type and mtensity

Furthermore pun of such severity m1y occur with non perforating ulcer
and be rehieved i inably by continuous bathing of the surfice of the
uleer with buffening duodenal content Thus in pitient G M continuous
aspinition of the stomach gave relief In D M the same result was
achieved by the combination of 1 continuous intragastric dnp of milk and
sodium brerrbonate combined with massnve doses of an anticholinergic
drug These procedures not only protected the surface of the ulcer from 1
stimulus adequAte to produce pain but also halted the 1eid pepsmn ttwh
upon the tissue nllowed the reparative processes of the bodv to gun
dominance decreased the chemical inflammation rused the pun thresh

old and so rendered the mechanical and chemneal factors mepable of
produemng pun The therapy ws continued and with the des clopment of
achlorhy dria following radiation therapy this non irntitine non digestive
milicu persisted md the uleer healed

THE DIFFERENTIAL DIAGNOSIS OF
BENIGN AND MALIGNANT GASTRIC ULCER

The old argument with respect to carcinomatous transform ition of bengn
uleer his long been superseded by the problem of the differentiation of
the two lestons—benign ulcer versus peptic ulcerition 1 ncoplhsm may
querading s bemgn uleer (33 34) There we no pithagnomanic signs of
bemghiney The prev uling surgieal viewpomt 1s that all gastne uleers
should be resected This conclusion his never scemed to us to be just
firble and as the pssmg vears bnng, refincment of techmes nd new
methods of study the policy becomes less and less defensible In 1954
using methods wultble prior to that ime Levin et al (35) reported 1
drgnostic nccuracy m bemgn ulcer of 959 per cent A revien of 1000
cases it the Lahey Clime revealed that death in unoper ited patients from
cancer of the stomach which had been dignoscd as bemgn uleer wis 17
per cent (Smith Boles and Jordan »G) The same study lsted the apery
tine mortility 1in patients undergomng rescction for bemgn uleer s 4 85 pur
cent Dworhen Roth nd Duber (37) mude 1 follow up study of 135 p1
tients dragnosed 1s hasing bemgn uleer between 1916 and 1953 Adequate
datr were obtuned m 130 (96 4 per cent) Four ctncers were found two
1t opertions pcrfnrm('d becuse of fulure to heal the other two patients
fad been discharged from the hospital before radiolo_ic evidence of haal
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wg was obtuned Dhgridi and Johnson (38) s a seres of 100 grstue
nlcers found three ncoplasims (two lymphomts and one carainoma) fhe
accuricy of the totl diagnostic study using the methods now wailble
has thus far been found to approamate or be wathin the surgical mortal
ity presumably both will improve with refinements in techme How nre
the 1anous diignostic entena to be vsed and waghed?

HISTORY AS A DIAGNOSTIC CPITFRION

Chromeity of symptoms of two ve s or Jonger nd periodieaty are infre

guent af not rire an gstne cancer unless the patient has suffered from
m independent peptic ulcer or dssprphic complunt Mamy patients with
bemgn vicers on the other hand give fustones of onlv 1 few months
drstion with no sigmficant The distress produced by the two
fessons myy be adentical with the sume relationship to the mgestion of
food and the same relief from antwads wd uleer manigement  the mech

wistn of pawn s sty

SYMPTOMS OF LITTLE DIAGNOSTIC VALUE
Lo of appetite and weight 1s not w enrly fe wture of the symptomatol
ogv of exther lesion nor 1 1t obvicus m esther 1t a time when differentia
tion1s difbicult However 1t maw be fur to say thit m general the greater
these symptoms are the greater the hhelihaod of neoplsm

OF little disgnostic salue alse are palpable misses These are hate
sigas of neoplism whether metastatic or localized

Anenua anses from loss of blood except for the non uiceriting neo
phsms de»elnpmq n pitients wath untreated pernicious anemin henee at
15 of no differential valve
OCOTLT BLOGD I\ THE FECES
Although found m both conditions tus symptom 15 ymportant for two
reasons Peraistentlv neg wine stoals speat rather strongly for bemgniney
because 1t least 75 per cent of gastnic cncers bletd persistuntly On uleer
management bemgn ulcers should stop bleedinr  the continued presence
of occult blood 1n the feces 15 presumptive evidence of malignincy
GASTRIC ANALYSIS

There 1s no secretory pattern charictenstic of m thignaney ar bemgnaney
Free acid can abway< be demonstrated i bemgn nicer assuming the use
of sutisfrctory techmes wcluding confirmation fluoroscopically of the
placement of the tp of the tube m the stomach ind utibzation of histwmme
or Hstalog Persistent truc achlorhy dna 15 meomptible with the diagno

315 of benyn nleer Cancer may ewst however n the presence of 2 lgh
secretory pattern
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X RAY
The accuracy of the roentgenologic examimation 1s to some extent a func
tion of the expenience of the radiologist and the equip at Ius dis

posal Surprisingly different figures have been reported Dagrads and
Johnson (38) for instance assign to the method a diagnostic accuracy of
only 477 per cent whereas Klotz et al (39) reported an accuracy of 88
per cent 1n the diagnoss of 82 surgrcally proved gastnic neoplasms and
an accuracy of 79 per cent in the dignosis of 122 bemgn gastne ulcers
The mmportance of fluoroscopy and of mucosal relief views should be
emphastzed for they help greatly m understanding the amount and type
of mfiltration into the wall surrounding the ulcer The diagnostic accurey
1s further improved when comparative views of the ulcer are obtamed at
mtervals of two to four weeks Mahgnant ulcers rarely heal neoplastic
filtration of the wall at the site of the scar can usually be detected radio

logically (34) When the gastnic folds radiate to a central point with no
evidence of infiltration of the mucosa or of the gastric wall (see Fig 38)

the benignancy of the process 1s almost certan (3 28)

GASTROSCOPY

Just as the roentgenologic method 15 to a considerable extent a function
of the shill and experience of the exxmmer so too 1s the gastroscopic
method largelv dependent upon the exammner A disadvantage of the
method 1s the fact that too often the lesion hes m a gastroscopic blind area
In spite of this Klotz et al (39) obtamned a dagnostic accuracy of 80
per cent i the 82 surgically proved neoplasms and of 80 per cent in therr
122 bemgn gastric ulcers 96 of the latter had been visualized at gastros

copy and with one exception mterpreted correctly Thus when the ulcer
and 1ts surrounding mucosa are visuilized the experienced gastroscopist
can be of great help m the differentiation of the two lesions The diagnos

tic accuracy f the ulcer1s visuahzed should exceed 85 per cent Objective
evidence of healing of the ulcer with the demonstration of mucosa not
filtrated with neoplasm should bring the accuracy of the procedure close
to 100 per cent

LXFOLIATIVF CYTOLOGY

An additional dingnostic method which 1s proving to be increastngly
accurate and reliable s the examination of the gastric content for nco
plastic cells The procedure must be carried out under proper conditions
and by expenenced personnel Ross et al (40) m their first 41 patients
with proved gastne cancer found the cells m the gastric content of 71 per
cent 1n 151 patients with benign lesions the authors report onc error
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occurring 1n 1 patient with gistne polyposis The recovery of indnidnal or
even smll clusters of malymnant cells under such arcumstances 15 quite
concewvable even though fruk cwrainoma was not found «ernl sechons
may disclose Curemom i siftr I the imbal yers of gastne evolom 1
our hboratory the accuracy of the methed was tbont 77 per cent it has
since Tisen to over 90 per cent In 131 consecutive cases of proved mabg

nincy cxumned 1n the past three years cancer cells were demoustrated
preoperatively 1n 95 per cent i the last 99 cases of operitively proved be

ngn ulcer the procedure was negative in 89 per cent the one error was
doe to the fuiture to distingmsh actsely regeneriting mucosal cells

THERAPY

The basic principles of the rapy are o}d they e outlined by Dr Rarsner i
detad 1 chipter 8 of this volume and relite to methods which decrease
gastric st cretion by means of antichohmergc drugs or nentralize the nod
by means of frequent feedings and antacads (44) Rest s dlw nvs most
mportant The snecess of this program depends upon the patient hus per
sonality “Ufv sitvation and other diseases present as well s certan
pathalogic features such as the presence of pylont obstruchion or gastre
rtention or chrome perforation of the ulcer into the capsule of the pn
creaser hver Findly the shall perseverance and tact of the phyvsiciwn are
sital factors 1t 1s apparent therefore that the chasce of treatment and
the detals of therapy will depend upon the cxcumstances present i the
mdvidual case

Since the one requisite for chromie gastne uleer 15 the presence of free
bydroehloric acid and peptic actvity the conclusion follows thit con
tued achiorhvdna would permit the uicer to hesl and remun healed
The four cases presented slustrate the vabdity of this concept the uleers
healed und have remained healed to date achlorhydna having persisted
for known penods of two six and twelve years with 4 yecurrence of mm
mal secretion 1 patient D M after eighteen months (Figs 3-8 Tables 1
ang 2}

A previous studv (35) i which 41 patients developed postradiahon
achlothvdna revealed that healing of the nleer eccurred m the 40 whasce
schlorhy drea lasted for three months or more. In no mstance did the ulcer
recur durng the peniod of Justamne fast achlorhydna Y est one drun the
erroneous conclusion from thest cases that radiation therapy 15 the wheat
treatment for peptic ulcer 1t should be noted that a total of 116 patents
with gastrie uleer were treated m the study oted achlorhydn developed
w only 41 The mwadence 1 exen lower m duodenal ulcer Consequently
even though the results of ridiation therapy m such ¢1ses as those pre
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X RAY

The accuracy of the roentgenologic examination 1s to some evtent a func
tion of the expertence of the ridiologist nd the equipment at his dis
posal Surpnismgly different figures hwe been reported Dagradi and
Johnson (38) for instance assign to the method 1 diagnostic accuracy of
only 477 per cent wheres Klotz et ol (89) reported an accuracy of 88
per cent an the diagnosis of 82 surgically proved gistric neoplisms and
n accuracy of 79 per cent 1n the dingnosis of 122 bemgn gastne ulcers
The wnportance of fluoroscopy 1nd of mucosal rehief views should be
emphasized for they help greatly m understanding the amount and type
of infiltration 1nto the wll surrounding the ulcer The dirgnostic 1ecuricy
15 further improved when comparative views of the ulcer are obtamed at
mtervals of two to four weeks Malignint ulcers rarely heal neoplastic
mfiltration of the wall at the site of the scir can usually be detected radio

logically (34) When the gastnc folds rdate to 2 central pont wath no
evidence of mfiltration of the mucosa or of the gastne wall (see Fig 3)

the berugnancy of the process 1s almost certun (3 28)

GASTROSCOPY

Just 15 the roentgenologic method 15 to 1 considerable extent 1 function
of the skill 1nd experience of the exammer so too 1s the gistroscopic
method largely dependent upon the exarner A disidvantage of the
method 1s the fact that too often the lesion lies 1n 1 gastroscope blind arex
In spite of this Klotz et al (39) obtuned a dingnostic accuracy of 80
per cent m the 82 surgically proved neoplisms and of 80 per cent 1n thewr
122 benign gastrie ulcers 96 of the Iatter had been visuhized at gastros

copy wnd with one exception nterpreted correctly Thus when the uleer
and 1ts surroundmg mucosa are visuihzed the experienced gistroscopist
can be of great help n the differentiation of the two lesions The dirgnos

tic accuracy f the uleer 1s visualized should exceed 83 per cent Objective
evidence of healing of the ulcer with the demonstration of mucosa not
wnfiltrited with neoplism should bring the accuracy of the procedure close

to 100 per cent

FAFOLIATIVE CYTOLOCY
An additional diagnostic method which 1s proving to be mercismgly
weurite and rehable 15 the exammation of the gastnie content for neo
plastie cells The procedure must be carnied out under proper conditions
and by experienced personnel Ross ef al (40) n there first 41 patients
with proved gastne cineer found the cells 1n the gastric content of 71 per
cent mn 151 patients with bemgn lesions the authors report onc error
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mability to mamntun an mtragistrie pH 1bove 5 The chmeal mamifesta
tions requining surgery are fulure of the ulcer to heal prompt recurrence
of the lesion retention with or without nauser ind vomiting and uncon
trollable bleeding The preferred procedure 1s usually subtotal resection of
the stomach although m thin nervous patients particularly women the
so called postgastrectomy state, with the dumping syndrome and extreme
malantrittop may be much more disabling than the ongnal ulcer Conse
quently judgment and mdividuahization of procedures are as necessiry i
the chauce of surgical theripy as they are in the medical program

SUMMARY

The essentinl role of free hydrochlonc acid wnd peptic actvity m the
pathogenesis pun nd course of gastric ulcer 1s reviewed and illustrated
with four selected case reports The average secretory Jevel does not ex
ceed the mean for normal individuals The important facts are that the
mucosa 1s able to secrete free hydrochlonc acid and that peptic activity 1s
present The relationships betss een ac1d pepsin attack mucosal resistance
or susceptibihty chemical inflammation pun threshold stmub for the
production of pun 1nd the course of the lesion e clucidated The imvan
able disappearance of pun heiling of the ulcer and persistence of heal
tng, duning histamme proved achlorhydn of three months or fonger con
stitute proof of the concepts presented

The cntena for differentiating bemign from mahgnant ulcer are de
senibed The siymBicance of the history physicil examinition gastnie anal
ysts fecal evarination for occult blood roentgenologic study gastroscopy
nd exfoliative cytology are considered with the conclusion that the com
bined diagnostic procedures should yseld an accuracy of over 98 per cent

The basic principles of theripy denve from the role of raid gastnc
Juice and peptic activity in the pathogenesis of the lesion Rest psycho
therapy and the doctor prtient relationship are all important 1n the apph
cation of these principles Complications such as gastric retention with or
without pyloric obstruction uncontrollable or repeated massive hemor
thage and failure of the ulcer to hel or to remun healed mvy constitute
wndications for surgieal mnterference

CONCLUSIONS

1 Acd gastne juice and peptic acthivaty are essentitl for the formation and
persistence of a chrome gastnic ulcer

2 The chermeal inflimmation m and about the ulcer lowers the visceral
pan threshold so thit chemical (acid) and mechamical (penstalais
spsm tension pressure) stimul become adequ te to evoke pain
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sented m this chipta are most diamatic the procedure must be looked
upon as 1n adjunct to the total treatment of the ptient (46 47)

It1s approprinte to ask How successful s the medical theripy of gstrie
ulcer?

An analysis of the results of therapy 1n the 116 patient senies mentroned
above 1s s follows

Favorable results 80 ptients (69 per cent)
Falure to heal 8 patients (7 per cunt)
Recurrences 28 ptients (24 per cent)

A total of 108 patients m the serics of 116 did rccerve rehef from pam and
healing of thetr ulcers on an 1dequite theripeutic regimen but the greater

TABLL 3

CAUSES OF DEATH IN 25 MEDICAL
AANAGFMENT PATIENTS
(Seres of 116 1 atients)

Numb rof | Y arsafte
Cu (D d Punts | The iy
Cardiovascular discase 12 1-12
Carcinoma
Pancreas 3 1-13
Right lung 2 7and 13
Site unknown 1 3
Prostate 1 9
Ferforated ulcer 1 13
Tuberculosis 1
Diabetes with comphcations 1
Swaide 2 Gand 8
Homicide 1

problem 1s preventing recurrence  Although a great many ptents 1o
mamed free of symptoms—49 of the 80 successful cases had been ulcer
free for five years or more at the time of follow up—others 1n the sertes of
116 suffered recurrences Patients grow weary of the dict wnd frequent
feedings the antacids and other mediction consequently they follow
the programs with varying degrees of f uthfulness

The follow up study (35) mide mn 1954 revealed that of the 116 pn
tients treated betwcen 1937 and 1954 91 were still Ining, Table 3 shows
that only onc death could be directly attributable to uleer disesc

Thirty of the 116 patients (26 per cent) eventually cime to surgerny In
medicnl management cases indicitions for opcration derne pnmanly
from failure of the uleer to heal or remun heiled The most common
cause of therapeutic failure 15 a combntion of gastric retention plus
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mability to mauntun an mtragastnc pH above 5 The cimcal mamifesta
tions requining surgery are failure of the ulcer to heal prompt recurrence
of the lesion retention with or without nausea ind yomiting and uncon
trollable bleeding The preferred procedure 1s usually subtotal resection of
the stomach although 1n thin nervous patients particularly women the
so called postgastrectomy state, with the dumping syndrome and extreme
malnutntion may be much more disabling than the onginal ulcer Conse
quently judgment and individutlization of procedures wre 1s necessary in
the choice of surgical therapy as they are in the medical progrim

SUMMARY

The essentinl role of free hydrachlone 1ad and peptic activity n the
pathogenesis pain and course of gastne uleer 1s reviewed and illustrated
with four selected case reports The nverage secretory level does not ex
ceed the mean for normal individuals The important facts are that the
mucosa is able to secrete frec hydrochlonc acid and that peptic activity 1s
present The relationships betw een acid pepsin attack mucosal resistance
or susceptibnhty chermcal inflammation pun threshold stimul for the
production of pain and the course of the lesion are eluidated The mvan
able disappearance of pamn healing of the ulcer and persistence of heal
ing dunng histamine proved nchlorhydnn of three months or longer con
stitute proof of the concepts presented

The cntena for differentiating bemgn from mabgnant ulcer are de
sceribed The significance of the history physical examination gastnc anal
ysis fecal examination for accult blood roentge nologic study gastroscopy
and exfoliative cytology are dered, with the 1 that the com
bined dragnostic procedures should yield an accuracy of over 98 per cent

The basic principles of therapy denve from the role of acid gastnc
Juice and peptic activity n the pathogenesis of the lesion Rest psycho
therapy and the doctor patient relationship are all important in the applt
cation of these principles Complications such as gastric retention with or
without pyloric obstruction uncontrollible or repeated massive hemor
thage and failure of the ulcer to heal or to remain healed may constitute
mdicitions for surgical interference

CONCLUSIONS

1 Aad gastnic yuice and peplic actinity e essential for the formation and
persistence of 1 chromic gstrie uleer

2 The chemical mflammation m 1nd about the ulcer lowers the visceral
pamn threshold so that chemical (acid) and mechanical {penstalsis
Spasm tension pressure) stimul become adequate to esoke pamn
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sented 1 this chapter arc most dramatic the procedure must be looked
upon 1s an ndjunct to the total treatment of the patient (46 47)
]It 1: pproprite to sk How suceessful 1s the medieal therpy of gastne
uleer
An malysis of the results of therpy m the 116 patient seres mentioned
whore s as follows

Favorable results 80 patients (69 per cent)
Falure to heal 8§ ptients (7 per cent)
Recurrences 28 ptients (24 per cent)

A total of 108 patients in the senes of 116 did recen ¢ relicf from pam nd
healing of their ulcers on an idequate therapeutic regimen but the greater

TABLI 3
CAUsks OF DEATH IN 25 MEDICAL
NANAGEMENT PATIENTS
(Serues of 116 Patients)
INms ]y ne
¢ Dt P Th p
Cartova cular disease | 12 112
Carainoma
Pancreas ! 3 1-13
Right lung 2 7and 13
Site unknown 1 +
Prostate 1 9
Perforated ulcer |1 3
Tuberculosis 1 6
Daabetes with comy heatyns 1 10
Sutade ‘ 2 6and §
Homucide 1 |

problem 1s previnting recurrence  Although 1 grext many pitients re
muned free of symptoms—49 of the 80 successful cises had been ulcer
free for five years or more 1t the time of follow up—others in the series of
116 suffered recurrences Pitients grow weury of the diet wnd frequent
feedings the antacads and other medication consequently they follow
the programs with varvng degrees of faithfulness

The follow up study (35) mde m 1954 revealed that of the 116 pr
tients treated between 1937 and 1954 91 were still Ining Table 3 shows
that only one death could be directly rttnbutable to ulcer disexse

Thirty of the 116 patients (26 per cent) ¢ventually came to surgery In
medical g cises mdications for operaton denve primanly
from failure of the ulcer to heal or remam heiled The most common
cause of therapeutic fulure 15 1 combination of gastric retention plus an
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3

kN

Peptic digestion n cancer 1s primanly responsible for the chief prob
lem 1n differentinl dingnosts Nevertheless using the 1 ulable modern
dirgnostic procedures the necuracy of different: ition between bemgn
and mailgnant gastric uleer should be greater than 93 per cent
Therapy should be directed toward inlubition of gastric digestion The
detuls depend upon 1 v wrtety of f1ctors 1 the induvidunl patient
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10 Small Ulceratrve
Lesions m the Stomach
Begn or Malhgnant?

The problems of dingnosis ind therpy n patients with gastnc uleer have
engaged the attention of intermsts and surgeons for mny decades Al
though there 15 almost umyersal agreement that the patient with obstruc
tien acute perforition uncontrollable hemorrhage or obvious malignint
uleer 15 primarily 4 surgicil problem there 15 no nnammuty of opimon
concermng the management of patients who do not fall mto these cate
gories Between the two extremes—that which 1dvocates prolonged, m
tensive medical therapy and the other which favors immediate surgery—~
are 1 lrge number of chimaans who recommend varving periods of tnal
on medicil man yrement as a first step to st e if the ulcer will heal

Some questions which seem pertinent m 1ttempting to resolve the con
flict we the followin,, How many gastnic circmomns will be oy erlooked 1f
il patients with gastnie ulcer are treted me dicallv? 1f a mahign int ulcer
15 treated mecheally because of erroneous diagnosis will the chances for
surgienl cure he lessened by the delw® How does the mortahity rate fol
lowng, surgien] trevtment compare with the mortility rate n medical
tretment® How accurate are the dingnostic means available for differen
tiating, berugn from mah_nant uicer? How does the inadence of recurrent
uleerition wd its complications m the medicalhy treated patient compare
with the inaidence of adverse effects from gastrectomy n the surgieally
treated patent®

Unfortumtcly sound sclenhfic answers to these questions are not
forth m spite of vol literture on the subject Ths 15 un
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JOHN H LANDOR

10 Small Ulcer ative
Lesions m the Stomach
Bermgn o1 Malignant?

The problems of drignosis and therapy 1n patients with gastric ulcer hne
engaged the attention of mtermists nd surgeons for manv decades Al
though there 15 "lmost unn ersal ngreement that the pitient with obstrue
tion acute perforation uncontrollble hemorrhage or obvious mlignant
ulcer 15 primanly 1 surgreil problem there 1s no unamumty of opmron
concerning the mamigement of patrents who do not fall into these cate
gones Between the two extremes—that which advocates prolonged, i
tensise medical therapy and the other which f1yors immedite surgery —
are a hrge number of chnterans who recommend varying periods of trial
on medic1l management s  first step to see if the ulcer will heal

Some questions which secm pertinent 1 attempting to resolve the con
flict are the following How many gastric carcmomis wall be overloohed af
1l patients wath gastric ulcer are treated medically® If a malignant ulcer
15 treated medically becwise of erroneous dingnosis wall the chances for
surgicl cure be lesscned by the delw® How does the mortility rate fol
lowing surgical treatment compire with the mortahity rate m medical
treatment? How nceurate are the dingnostic means av ulible for differen
tiating benign from mahignnt ulccr? How does the maidence of recurrent
ulcerition and its complicit ons 1n the medically treated patient compare
with the meidence of adverse effects from gastrectomy 1 the surgreally
treated patient?
Unfortunitely sound scientific answers to these questions e not
forth g 1n spite of 1ol iterature on the subject This 1s un
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derstandable n part because changing methods of dingnosis and therpy
make at dfficult to appro1ch the problems tod 1y of judgment 1s bised en
tirely on results collected five ten fifteen or more vers ago Itis abo
difficult to apply the evpenence compiled at one mstitution towird the
problem 7s 1t mav exst in another mstitutton  there may be wide differ
ences 1 the v ulability of v nous diagnostic techniques “as well as m the
quality of either medical or surgical theripy The rclnbility of the daty
and how well they are reported are additional factors

With these problems i mind a study was made of patients who had
undergone surgery at the Unwversity of Chicrgo Chimies 1t 1s beyond the
scope of this paper to ttempt to resolve completcly these questions about
dagnosis nd therapy 1n the patient with gastric uleer However 1t 1s
hoped that the matenal contuned heremn will help to clinfy some spects
of the more perpleving clmical problems

BENIGN GASTRIC ULCER CLINICAL DATA

No drscussion of 1 particulr disense ¢ be complete without some refer
ence to etiology since 1 knowledge of etiology and pithogeness 1s essen
tial for 1 ritional approich to therapy Ewidence which menminates the
gstric antrum 1s 0 important factor i the ciuse of bemgn gistuce wleer
15 prescnted n chapters 2 3 and 4 of this volume Chinicnl and expen
ment! findings strongly suggest that gstric ulcer results when hyperfunc
tion or dysfunction of the wntrum leads to 1 mirked inerease i the gastnie
phise of secretion Although ultrmate proof of th s hypothesis must 1w ut
further studies 1t 15 consistent with the obsersation that partial or subtotal
gstrectomy provided 1t includes resection of the ntrum 1s followed by
1 recurrence rate of gistric uleer that 1s close to zero Gstrojjuntl uleer
atton followmg this operation in patients with gastrie wleer 1s exceedingly
rare
The present study consists of a summary of all pitients who under
went gastrectomy for bemign gastnic uleer at Chicago from 1951 through
1957 1s well as those with small ulcerating circmomis who eime to
surgery dunng the same peniod of ttme These cases represent the efforts
of the resident staff as well 1s those of the entire attending stul Patients
with pylonc channel ulcer were onutted from the study becwse this typc
of uleer 1s believed by many including the author to be more closcly re
lated to duodenal ulcer than to gastnc ulcer The much lirger number of
patients with non ulcerative careioma of the stomich and thosc with
Iarge mahgnant ulcers which did not resemble bemgn €strc uleers were
lso excluded

During the seven year period covered a totl of 71 patients underwent
gastrectomy for bemgn gstric ulcer In 5 of these pitients vagotomy wis
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done m addition to partil or subtotal gastrectomy uther becwse the
fasting rexd sceretion was lagher than normal or beciuse there was evs

dence of 1 pre eusting duodenal ulcer or both The factors of age sex
level of gastric adity nd presence or absence of accult blood m the
tools will not be analy zed because 1rge bodies of evidence show that none
of these can be relied upon to differentinte between benign nd mabgnant
uleer of the stomach Although st wnine achlorhy drit and the persistence
of occult blood 1n the stools are highly suggestive of malgnncy an
oceasional bemgn gastrie ulcer patient will hwe onc or two listamine
tests which fail to reveal any free acrd and there may be some evidence
of bleeding for several weeks after intense medical treatment 15 instituted
There nre lso of course those pitients with carcinoma of the stomach
who hwve 2 normal or high secrction of free 11 and who gre no ews

dence of grstromntestinal bleeding

It 15 conventent to clissify this seres of 71 pitients mto three groups

Croup 1 consisted of 2 pitients whose preoperatine examimtions suggested
milignant gistrc ulcer but pithologic study of the resected specimens dis
closed berugn ulcers At the time of operition the surgeon ws of the opimion
n each case that he wis dealing with 1 ulcerated neoplasm  therefore the
design of the operations was for cincer of the stomach rather than for treat
ment of gastne ulcer

Group 2 consisted of 10 patients m whom surgers w1s performed for the control
of hemarrhage which had failed to respond otherwise The majonity of these
pateents had been on medical minagement for bemgn gastric uleer for varving
penods of time prior to the bleeding episode

Group 3 consisted of 59 ptients 1 whom subtot1l gastrectomy was performed
for uncomphcated bemgn gastne ulcer Although there was suspicion of milig
mincy i some of these cises pithologic exummation reveiled benign wlcer
mn ail cases

RELIABILITY OF DIAGNOSTIC MEASURES

X ray examination —Of the 71 patients opertted for bemgn gstne
uleer 69 had undergone 1t lewst one gastrodnodenil Xr1y exuminition
The dingnostic mpressions of the ridiologist are gwven i Table 1 An un
equivocal divgnosis of bemgn ulcer was made n 50 pateents (725 per
cent) Question w s rarsed as to the bemgnancy or milignancy of the uleer
in 9 patients and the impression was thit of malignant ulcer n 6 The
most 1mpart int fict 1s that the lesion wis mssed wn only 4 patients (58
per cent)

Gastroscopy ~Thirty nine of the 71 pitients in this series were subjected
ta 1t least one gastroscopy Table 2 bists the rcsults of these cxammations
In 16 of the 39 patients the gastroscopist erther could not see the lesion or
could not obtan an adequate examimntion of the stomach to express n
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optmon Eighteen of the remaming 23 patients were dingnosed correctly
n 8 cases bemgn ulcers were thought to be malignant and the possibility
of malignancy was rused i the other 2 patients

Gastric eytology —Exfohative cytology was employed m 33 of the 71
pattents The results are shown n Table 3 By this technic 1 lugh degree
of diagnostic accuracy was achieved s 1s obvious m the fict that only

TABLE 1

\ RAY D1AGA0SIS PRIOR TO SURGICAL PROOF
OF BENIGN GASTRIC ULCER
(69 patients)

X ylmpes umb r of Pate ts
Benign ulcer 50 (72 5 per cent)
Probably benign ulcer 4 (5 8 purcent)
Possibly malignant ulcer 5(7 2 per cent)
Malignant ulcer 6 (8 7 per cent)
No leston seen 4 (5 & per cent)

TABLE 2

GASTROSCOPIC RESULTS PRIOR TO SURGILALLY
DPROVED BENIGN GASTRIC ULCER

(39 cases)

Gt p Im Aumb  fPati nts
Bentgn ulcer 18 (46 2 per cent)
T ossibly malignant ulcer 2 (5 1 per cent)
Malignant ulcer 3 (7 7 per cont)
Unsatisfactors exarmmnation or

failure to visualize ulcer 16 (41 per cent)
TABLE 3

RESULTS OF GASTRIC FXFOLIATIVE CYTOLOGY IN
SURGICALLY PROVED BENIGN GASTRIC ULCFR
(33 patients)

Cytlg Rpot Nmb fPat
Negative for malymant cells 29 (87 9 per cunt)
I quocal 3(9 1 per cent)
Malignant cells reported 1 (3 0'per cent)

one false positive result was obtamed There were three imstinces wlich
malignancy could not be ruled out because of the presence of some
atypical cells

RESULTS OF SURGICAL TREATMENT

Surgical mortality —In Group 1 with 2 presumptine ditgnosis of carar
noma m both patients 1nd no evidence of metastises 1 curitive encer
operation was attempted 1 each nstance One patient had a thoracolap
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arotomy with total gastrectomy and splenectomy the other had a sub
total gastrectomy splenectomy wnd partial pancreatectomy for posterior
penetrating ulcer Both patients died of postoperative complications 2
mortility rate of 100 per cent m this group with erroneous dingnosis
{Table 4)

Among the 10 patients in Group 2-those with hemorrhnge as 4 compl
cation—three deaths occurred following gastrectomy gning 1 mortality
rate of 30 per cent One of these patients gave 4 history of angina pectons
which was aggravated by his episodes of bleeding Surgery was performed
for continued vigorous bleeding and the patient died n shock on the first
postoperatne dav Cause of death could not be determmed Pnor to
operation the second patient had recened twenty erght blood transfusions
nd had developed an aspirition pneumonitis The pncumomtis became

TABLI 4

OPERATN E MORTALITY AFTER GASTRECTOMY
FOR BEVIGN GASTRIC ULCER

€ oup \y';’b’“' D |P Ct

Tota) series 7 5 7
Group 1 patents vith erroneous|

diagnosis of carcinoma 2 ? 100
Group 2_patients with uncontrolled]

hemorrhage 10 3 36
Group 3 patients electing surgery for,

bemgn ulcer 59 0 0

more severe following surgery ind was presumably the immedinte cause
of death The third pattent was ciabetic with pulmonary emphysema and
cor pulmonile He was operated on reluctantly because of intractable
hemorrhage nd he died early m the postoperitne period Autopsy re
vealed the most hikely cause of death to be acute congestive failure
There was no surgreal mortality among the 59 patients i Group 8 who

ware subjected to subtotal gastrectomy for bemgn and uncompleated
gastric ulcer

FOLLOW UP STUDIES

Of the 66 patients who survned operation for bemgn gastric ulcer all but
one were exarmned subsequently to determine the results of the operation
Two patients died of carcinoma of the lung five months and sixteen
months after surgery but they had obtained good results from the surgery
performed for their gastric ulcer The follow up studies on the remaming
63 patients covered penods from several months to s years averaging
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18 4 months for the entire group It 1s apparent that this 15 not long enough
for the development of finl results However since recurrent or stomnl
ulcer 1s rre m gastric ulcer patients the fuhures are probably direct con
scquences of the surgical procedure itself Complunts such as the dump
ing syndrome and symptoms due to the small restdual stomach usually
mamfest themsely es early 1 the postoperative course and tend to diumish
with the passage of ime Therefore even though the follow up penod 1s
short 1n some patients the information should closely approumate long
term results with the possible exception of recurrent ulceration

The results of operation as shown m Table 5 diide the patients into

TABLE §

RESULTS OF OPERATION FOR BENIGN
GASTRIC ULCER
(Lollow up 1n 63 patents)*

R R Number of Pat ts
Good 53 (84 1 per cent)
Fair 9 (14 3 per cent)
Poor 1 (1 6 per cent)

Ofth 71pat tsy th se s 5ded
potpe t ly2ded it 1ted
a d1 lostt U wup
three categontes Good results were enjoyed by 53 of the 63 survnors on
whom follow up dat were obtaned these 53 patients returned to norma!
full time 1ctiities with no troublesome symptoms Nine patients showed
fair results they returned to full time activity but were troubled by occt
sionl symptoms requuning changes m diet or periods of medical treat
ment The only patient who suffered poor results continued to have gistro
mtestinal symptoms which necessitated almost constant mnagement by
diet and medtcation

THE SMALL MALIGNANT GASTRIC

ULCER CLINICAL DATA

In 2ddition to the above series of 71 patients there were 21 pitients with
smll gastne ulcers which proved to be malignant operations werc per

formed on them duning this same pertod (1951 through 1957) Nonc of
these 21 pitients hid frank evidence of etremoma when they entered the
Unnersity of Chicago Clinies Six were first seen by surgienl services wnd
15 were first seen by the medical senvices and Iter referred for operition

All of the surgien] patients cime to operation withm v month of their i

tial visit Six of the fifteen medical patients were referred for opertion
watlun the first month while the remammg mine patients were treated
mediclly for presumed bemign gastnie ulcer for pertods of time ranging
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from sic weeks to fourteen months The 1 erage length of medical treat
ment 1n this latter group ws seven months

RELIBILITY OF DIAGNOSTIC MEASURES

In tabuhiting the results of the three principal diagnostic examinations
utilized only the first of each type of examination 15 reported In severl
tmstances a repeat exammation later m the course of the patients illness
gave evidence of malignincy whereas the mitil such exammation hid
been negative m this respect However it 1s beleved that these first
examimations are the crucial ones for 1f negative they may Iull the clint
can mto a false sense of secunty

TABLT 6

INITIAL X RAY DIAGNOSIS PRIOR TO PROVED
ATALIGN ANT GASTRIC ULCER

(70 patients)
N 3D gmos Nmb (Put
Bentgn ulcer 12 (60 per cent)
Probably bemgn ulcer 1 {5 per cent)
Possibly malignant ulcer 4 (20 per cent)
Malignant ulcer 1 (5 per cent)
No lesion seen 2 {10 per cent)
TABLF 7

INITIAL GASTROSCOPIC IMPRESSION PRIOR TO
PROOF OF MALIGNANT GASTRIC ULCER

(15 patients)
Ga tr scop ¢ Imp e Nomb ofPtet
Unsatisfactory exammation or
failure to visualize ulcer 4 (26 7 per cent)
Bensgn ulcer 6 {40 O per cent)
Malignant ulcer 3 (20 O per cent)
Faquivocal 2 (13 3 per cent)

\ ray examination —All but one of the 21 patients with malignant gas
tric uleer m this senes underwent gastroduodenal \ ray exarmnition ¢
the Unnversity of Chicago Chnics 12 were dingnosed preoperitively s
having berugn uleers In one additional mstince the ulcer was felt to be

probably bemign  and four were suspicious enough for the roentgenolo
§istto call them  possible malignant - Only one ulcer was correctly diag
nosed as mabignant In 2 of the 20 patients no lesion was seen in the
stomach A summary of these mital X ray findings 1s shown m Table 6

Gastroscopy ~The 1mp of the gast T at the mitnl
¢tamination of the 15 patients who were subjected to gastroscopy are
gven n Table 7 The lesion was visualized m 11 of these patients a
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diagnosis of malignant uleer wis made i 3 others Siv uleers were be
heved to be bemgn nd n two the dignosis was equivocal meaning that
there were some changes not typieal for bemgn ulcer and carcmomt
should be considered

Gastric cytology ~Exfol ative cytology was done mn 17 of the 21 prtients
m this group In 7 patients mahgnant cells were found In 3 some typieal
cells were seen but the impression of the cytologist was that the ulcer was
probably bemign An unequnocal dignosis of bemgn uleer was made by
the cytologist m the remuming 7 patients These results are summanzed 1n
Table 8

RESULTS OF SURCERY FINDINGS AND TREATN{ENT

In ths sertes of 21 patients subjected to operatrve surgery for gastrie uleer
there w1s one operative death for tmortality rite of 4 8 per cent In3 pr
tients the malignnt process w 1s so widespread that no 1ttempt 2t curative
surgery was made although 2 pallibive resection w s done in 2 of these

TABIT 8
INITIAL CASTRIC FXFOLIATIVE CYTOLOGY BEFORE
SUR( ICAL PROO! OF MALICNANT
GASTRIC ULCFR
{17 patients)

R utsofCtlg Nmb [Pt ot
Negatnv e for malignant cell 7 (41 2 per cent)
Probabh negitive 3 (17 6 per cent)
Malignant cells present 7 (41 2 per cent)

These pitients had been tre ted medically for six weeks ten months nd
fourteen months respectively

In the group who sunvived operition and m which the surgeon felt
there w1s 1 chince for cure 2 patients died one and two months After
operation from causes unrelated to the operition or the careinoma of the
stomich Of the 1emaining 15 paticnts 6 have died from recurrence with
m eight months to four and one half yewrs after resection Averige sur
il time m this group was 24 2 months Nine patients are ive and well
with no evidence of recurrcnt curcinoma from two months to four wnd
one half vears later Average penod of follow up in those free of disese 1
262 months It 15 apparent thit miny of these patients were op.rited
upon too recently to enable n accurite assessment of long term survuval

rte
DISCUSSION
BENIGN CASTRIC ULCFR

There ne two primary objections to the treatment of bumgn gstric uleer
by surgscal means operative mortility and the disablin_ symptoms w hich
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occasionally follow gastrectoms  Although the osver a)l mortality m this
series was 7 per eunt there were no operitive deaths in those patients who
came to resection with the correct preoperatine dragnosis and who were
not bleeding acutcly Mortality figures m other recent wnd sumilar senes
range from 0 to 6 3 per cent (1-9)

Most expenenced surgeons achicve the low operitive mortality of 1-2
per cent when treating uncomphicated gastric uleer 1t seems unhihely that
thus f,,ure may become much lower in the nenr future Although any mor
tality 1s to be deplored it must be remembercd that gastric nlcer atself
leads to death 1 an apprec 1ble number of patients treated medically
Thus Swynnerton and Tanner (9) report a 27 per cent mortality 1 262
patients treited medicaly aind Dworken et al (10) report a mortahity rte
of 37 per cent Tht the patients who are destined to die if treated meds
cally will necessanly be the sime patients who die of surgery 15 de
eded upon 15 1 probl 1cal and philosophical deration which we
are (perhaps fortunately } 1n no position to resolve

The oceurrence of two deaths m our seres following erroncous pre
operatine and operatne d of ulcerating ponts out the
mportance of cireful and thorough diignestic work up This 1s especinlly
true n penetrating gastnic uleer which simulites carcmomn  the surgeon
feels compelled to remove part of the pancreas or Iiver when penetration
of these organs has occurred 1f the lesion 1s thought to be malignant If
carcinoma could be ruled out the base of the ulcer and the adjacent organ
could be left intact and the operition would ental much less nsh

As for the distressing symptoms which occasionally follow gastrectomy
1tmust be remembered that the incidence of disability 1s far less than the
disability incurred from recurrent ulceration and 1ts complications m pt
tients treated solelv by medical mewns Only 1 patient i this series of 63
who survived gastrectomy for benign gastric ulcer expenenced disabling
symptoms This 1s sumlr to the surgieal expenence of others Welch and
Allen (5) report that 75 per cent of their surgical series were 1sympto-
matic 15 per cent hd mild symptoms and another 10 per cent had severe
Symptoms  Swynnerton and Tanner (9) had results which were 80 per
cent very satisfactory 10 per cent satrsfrctory 74 per cent furly satisfic
tory and 59 per cent unsatisfactory

On the other liind tmong those paticnts treated medically the recur
rence rate of gastnc ulcer 1s generally lugh Eleven to 43 per cent huve
Later come to operation bectuse of recurrence or mtractibility (4 9 10
1112 13) Levin Palmer wd harsner (11) reported 1 recurrence rate of
397 per cent Fierst (13) evperienced 1 recurrence rate of 50 per cent
that of Swynmerton and Tinner (9) was 764 per cent Many of these
Patients require d 1 1 for ntenstve therapy of theirr

P
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gastric ulcers and thereby lose valurble time away from their jobs and
families

Another factor to be considered if the decision 1s made to embark upon

1 manag 15 the possibility of the development of serious com

pheations such s hemorrhage Welch and Allen (5) found that 9 per cent
of all benign gastric ulcers seen over 1 ten yenr period bled massely The
gravty of this complication 1s made apparent by our operative mortality
rte of 30 per cent m the ten patients who cime to operation hite in the
course of tn episode of hemorrhage The patient who has bled massively
represents 1 poor operitine nisk not only beciuse of possible vascular col
Ipse but 1lso because of the secondary compheitions partieulurly spira
tion pneumomibis nd atalectasis An additional dinger of considerable
mmportance 15 the mcreased mcidence of renal shut down from hypoten
sion and/or whole blood trinsfusions The risk of homologous serum hept
titis 15 of course greater with each succeedng umt of blood given These
complications are potentilly lethal particularly when the patient 1s al
ready debilitated from s primary disease

CARCINOMA MASQUERADING AS
BENIGN GASTRIC ULCER

The question of whether the truly bemgn gistric uleer ever becomes
malignant 15 discussed n the preceding chapter in this volume We know
of no convineing proof that this phenomenon has occurred Although 1t
cnnot be completely excluded If such a transition were shown to occur
this would provide powerful wgument for surgical trcatment of all gastric
ulcers However disregarding this possibility the fact remuns that many
gastric lesions which look and act like bemgn ulcer—even to the pont of
healing under medieal mnagement—are actually neoplasms which hve
undergone peptic ulceration

The mcidence of milignancy m ulcerating lesions of the stomach which
appear bemgn 1s difficult to determine with the nccuracy deswed In
vanous surgical series 1t ranges from 4 per cent to almost 30 per cent (2
56 7 12 13 14 15 16) Although these figures arc undoubtedly igher
than would be found if all patients with gastric ulcer were considered
regwdless of the treatment used 1t s distressingly obyvious that 2 malignant
ulcer ean 1pper to be bemgn m a sigmficanthy, hagh percentage of patients

In our scrtes of malignant ulcers more than half were diagnosed s be
nign by the roentgenologist and more than half of those ulcers seen at
gastroscopy were interpreted as bemgn by the gistroscopist This degree
of error m dignosis 1s understandable since 1t 1s a common experience
for the surgeon to visuahze nd palpite an ulcer directly and still not be
wble to make the correct dianosis Ravdin and Horn (17) stated that
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seven r thgnant ulcers although correctly dignosed preoperitisely were
thought to be bemgn by the pathologist on gross examimation

Exfolntine cyvtology 1s 1 method which holds much promuse since 1t
does not depend upon the gross ppe irance of the lesion Indeed cyvtolo
gists m this institution hwve been 1ble to achieve a diagnostic accuraes of
approamately 95 per cent m all gastric lesions Unfortunately this has not
been true i the case of the small mahgnant ulcer malignant cells bemg
found in onh 7 of 17 cases It 15 possible thit with more expertence and
refinement 1 technte this method may provide wn ccurate means of dis
tmguishing between these difficult lesions 1n the future Understandably
the small leston wall shed fewer cells than the Inrge one 1nd on this basts
alone the difficulties en be explamed The need for a reliable method of
draenosis can hardlv be overemphasized

Accurate dragnostic methods are certainly mandatory 1f the patient with
presumed benign gstric ulcer 15 to be subjected to medical management
for any period of time m excess of a few weeks The best five year sur
w1l rates are those obtained 1n patients with small malignant gastnic
uleers provided they are subjected to earh surgerv Among this gronp
Runyeon and Hoerr (7) had 1 three to five vear sunvival rate of 46 per
cent Lampert et ol (16) reported a five yeir sunnval of 435 per cent
Ransom (15) a rate of 41.2 per cent In the Olssen and Endresen series
(14) 65 per cent of the ptients with malignant uleers with no evidence
of hmph node metastases survived at least five years That prompt surgt
alinteryention 1s necessary 1n patients with 2 malignant ulcer 1s tpparent
from the report of Huves (12) who found a five vear survval rate of 66
Per cent when the opertion was performed withn four w eeks of medical
therpy for gastne uleer This sunal rate fell to 43 5 per cent for those
m h's group who had been treated for more than four weeks and when
gperation was delaved until definite evidence of carcinoma was present 1t
dropped to 18 per cent Sumlarly Welch and Allen (5) found a five-year
sunnval rate of 40 per cent 1 those treated medicall for less than one

month but no survinal for fve veirs m patients treated for six or more
months

ConcLusION

Carrent avalable data mncluding those presented n this report mdicate
that surgical mortality for the non bleeding benign gastnic ulcer 15 no
higher than the mortality ncurred by medical therapy i this disese In
medical senes the recurrence rate of gstric uleer 15 sufficienthy high that
1t seems Lkely the disease causes more disability than the post gastrec
temy syndrome 1n patients treated by gastric resection Since there 1s at
Present no highly accurate method for differentiating between bemign
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and malignant ulcer prolonged medical tretment cames wath it a most
serious nsh—that of dooming a pitient to die of a malignant disease which
my have been curable in 1ts earher stages For these reasons the treat
ment of gastric ulcer appears to be pnmanly surgieal and the vast major
ity of proved chrome gastrc ulcers should recene prompt surgical ther

py

SUMMARY

1 A series of 71 patients with berugn gastnic ulcer and a senies of 21 patients
with small malignant gastnie ulcer Ml of whom were subjected to surgical
trextment are analyzed with regard to diagnostic and therapeutic problems
expenenced and end results are obtuned

In the group of patients with uncomplicated bemgn gastric ulcer no deaths
occurred m 59 who were electively subjected to gastnie However
in the 10 patients with small bemgn gastric ulcer operated upon for acute
hemorrhage 3 died Two patients who were thought to hwe mahgnant
gastric ulcer bed as 1 result of op

Of the patients who survived operation for benugn gastric uleer 84 1 per cent
reported a good result 14 3 per cent a fur result and 16 per cent 1 poor
result

Among the 21 patients with small malignant ulcer accurate preoperatie
diagnosis was achieved m less thin one half of the patients by \ 11y gastros

capy or exfolintine evtology

These results 1re discussed along with other relevant and recenth published
Series

to

o

-

v

This mitennl supports the contention that 1n the treatment of gistne
ulcer the best results are achieved m those patients subjected to early
gastrectomy This statement takes into considerition the relative disability
from medical nd surgict treitment the advantage of erly resection
should the lesion prove to be malignnt upon histologic exammtion and
finally the fact thit a sigmficant number of small ulceratn e lestons found
1n the stomach do prove to be mahignint
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creased secretion of aid ¢ st juice Hence the more fundmental prob
lem hypothalime stimulition m1y eventually prove to be the one to
which our therwpeutic regimen should be directed Presumably if the
stimul were eltmated or subject to control ulcers 1n most ptients could
be cured or prevented by this approach

‘THE GASTRIC OR ANTRAL SLCRETORY PIIASE

This phise 1s distinct and Inrgely independent of the vagal or cephalic
mfluence The gastre phise ordinnly 1s stimulated by antral distention
and alkaline foods Usually the antr1l stimulus produces 1 lesser nise m
acd secretion than that of vagal stimulition but under certun arcum
stances 1ts secretory response miy equal or exceed that usually encotn
tered when hypersecretion 15 of vigil or cephhc ongin the antral seere
tory response myy dominite The humorl releise of gistrin 1s well sup
ported both by clniel and experimental observations

Thus the effector mechanism 1 antral stimulation 15 humoral msted of
nervous This agent gistrin has not been 1dentified chemically nor 1s 1ts
origin known Many consider 1t to be 1 hormone If this proves to be the
cise its glindulir source remams to be established Its action 1s not other
wise i conflict with the hormonal concept but until this fict 1s estab
lished the less precise term of 1 humoril went seems preferable Re
gardless of its niture gastrin 1s so intimately ssociited with the antrum
and the release of gistrin 1s so casily demonstrited i response to ntral
distention or the presence of 1lkthne protemns 1n contict with the mucosal
surface of the wntrum that its evistence and mmportance to the requliting
mechanisms of gastric secretion cannot be senously questioned

In 1 senst gastrin may serve to supplement the regulation of the ce
phahe phase of gistric secretion under normal conditions Since the injes
tion of food distends the stomach especitlly the intrum 1ctiv iting the
gastnin mechamsm 1t may very well tahe over much of the cephilic func
tion when 1t dimimshes after the appetite 1s satished These rel itronship
are worthy of further study which my be expected to yreld informitine
data

Antrectomy s a surgical procedure for the tre wtment of duodenal ulcer
has fuled because of the continued function of the cephal e phisc ind
more especially because the vast myjonty of panetal cells remun intact
The tendency 1n recent vears for many surgeons has been to combine
antrectomy with vagotomy In this way less of the stomch 1s removed md
both the antral nd cephalic phises of secretion are hrgdy olished
\ agotomy with ntrectomy (hermgastrectomy ) his done much to reduce
the mottality of ngh subtotil gastric resection as well 1s to make ffectine
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an otherwise madequate lesser resection. Howener there 15 ample en1
dence that vazotom coupled with a gastne drunage procedure but with-
out resection 15 quite sufficient for the surmical treatment of most patients
with duodenal ulcers

The close assocuation of gastne retention and gastne vleer led Dragstedt
to postulate that benign gastnc ulcer s larwel a matter of aptral disten-
tion and the secretory stunulus this provides for the release of gastnn.
Although gastne aadith (concentration of 2cid) n patents with gastne
ulcer may pot be greath elevated, the quantity of acid secreted per unit
of ime espectalh dunng the 12 hour ovenught collection 15 generalh
above normal m this group of ulcer patients

Cons:d the 1mp of antraf di 1n the activation of the
2astrin mechanism, one should expect to find the incidence of gastnc ulcer
hicher m patients who have some degree of gastne retention In spite of
the small quantity of chncal evidence mn support of this contention a
vanety of clincal mnstances suggest that gastne retention 1s an important
factor 1 the pathogenests of gastne ulcer Among such occurrences of
gastne ulcer we muzht mclude the followme pahents with stenosing uleer
of the duodenum patients tn whom vagotomy was camed out previoush
without a draipage procedure patients nwhose gastroenterostomn did not
provide adequate dramage- and those patients reported by ddams and
Moulder 1n whom resection of the gastnc cardia with the low er esophagus
was carmed out for mahznancy —surgen which included this portion of
the vaqus nerves but no drunage procedure Because of gastne retention.,
the penad of etposure to acid pepstm that the gastne mucosa recenes 1>
lonzer 1 antralh induced hvpersecretion In duodenal ulcer gastnc mo-
thits 15 often 1ncreased so that gastric evposure to hvpersecretion may not
be much greater than normal In gastnc ulcer the stomach 1s believed to
be more vulnerable than the duodenum to the augmented gastric phase of
secretion because of the differences m emptving tune between duodenal
and gastnc ulcer In recent vears ths author has found 1t helpful to take
Into consideration the demonstrated presence of gastne retention as one of
the ndices fasonng the dra mosts of a beman and huch hing gastne ulcer
when other cntena do not definitely settle this question

THE INTESTIN AL PHASE OF CASTRIC SECRETION

This phase may contnbute to or cause duodenal ulcer de noco but the
mechanisms are ill-defined and tn need of further chnrcal studh The ex
Pperimental data whsch are avaulable are abo difficult to reproduce or to
Interpret
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creased secretion of vad gastue juice Hence the more fundamental prob
lem hypothalumie stimuliton my cventually prove to be the one to
which our theripeutic rcgimen should be directed Presumably if the
stimuli were elimmnated or subject to control ulcers in most pattents coukd
be cured or prevented by this approach

THE GASTRIC OR ANTRAL SECRETORY PHASC

Tlus phase 1s distinet and Inrgely mdependent of the vagal or cephalic
mfluence The gistric phise ordmanly 1s stimulited by antral distention
and alkaline foods Usunlly the antral stimulus produces 1 lesser rise i
2cid seeretion than that of vigal stimulition but under ccrtun circum
stnces 1ts secretory response miy equal or exceed that usually encoun
tered when hypersecretion 1s of v gal or cephalic ongm the wtral scere
tory response myy domuinate The humoral relense of gastrin 15 well sup
ported both by chmeal and experimental obsery ations

Thus the effector mechamsm m mtril simulation 15 humor msterd of
nervous This tgent gastrin has not been rdentified chemeenlly nor 1s ats
ongin known Many consider 1t to be  hormone If this proves to be the
ense 1ts glindulr source rem uns to be established Its action 1s not other
wise m conflict with the hormonal concept but until this fact 1s estab
Tished the less precise term of o humoral gent seems preferible Re
gardless of its niture gastrm 1s so intimtely associited with the intrum
and the rcdeise of gistrn is so easily demonstrated 1n response to wtril
distentton or the presence of lkahne protemns in contact with the mucosil
surface of the antrum that 1ts existence and importance to the 1eguliting
mechamsms of gastric secretion cannot be senously questioned

In 2 sense gastrin may serve to supplement the regulation of the ce
phalic phase of gstric secretion under normal conditions Since the inges
tion of food distends the stomnch espeenlly the antrum activ ating the
gastan mechamsm 1t may very well take over much of the ceph e func
tion when 1t diminishes after the ppetite 1s sihsfied These relitionshtp
are worthy of further study which my be expected to yicld mformitnve
data

Antrectoms as 1 surgie1l procedure for the treatment of duodenal ulcer
has faled beeause of the continued function of the ccphal ¢ phise wd
more ¢specinlly because the vist mujonty of panctal cells remun ntact
The tendency m recent vears for many surgeons has been to combme
antrectomy with vagotomy In this w ty Iess of the stomach s removed ind
both the antral and cephalic phases of secretion are hrgedy abolishe d
y with trectomy (hemgstrectomy ) has done mueh to reduce

Vagotom
ity of Iugh subtotal gastric resection as well 15 to mike effective

the morta
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an otherwise madequate lesser resection Howeser there 1s ample evi
dence that vagotomy coupled with a gistne drunige procedure but with
out resection 15 quite sufficient for the surgical treatment of most patients
with duodenal ulcers

The close assoc1ation of g,astric retention and gastric ulcer led Dragstedt
to postulate that bemign gistric ulcer 1s lurgely a matter of antral disten
tion and the sccretory stumulus this provides for the releise of gastnn
Although gastnic acrdity (concentration of acid) in patients with gastre
uleer may not be greatly elevated the quintity of 1cid secreted per umt
of ime especially durning the 12 hour overmght collection 15 generally
bove normal 1n thus group of ulcer patents

Considering the importance of antril dstention 1 the activation of the
gastrin mechamsm one should expect to find the incidence of gastric ulcer
higher m patients who have some degree of gistne retention In spite of
the small quantity of chnical evidence in support of this contcntion a
sartety of chmeal instances suggest that gastne retention 1s an mmportant
factor i the pathogencsts of gastric ulcer Among such occurrences of
gastnic uleer we might melude the following  patients with stenosing ulcer
of the duodenum patients 1n whom vagotomy was carned out previously
wathout 2 dramage procedure patients whose gastroenterostomy did not
provide adequate drain 1ge nd those pitients reported by Adams and
Moulder 1 whom resection of the gastnic cardia with the lower esophagus
was earned out for malign incy —surgery which included this portion of
the vagus nerves but no dramnge procedure Because of gastne retention
the period of evposure to 1cid pepsin that the gastric mucosa recenes 1s
longer m antrally induced hyperseerction In duodenal ulcer gastnie mo
tility 15 often mncrewed so that gstric exposure to hypersecretion m1y not
be much greater than normal In gastric ulcer the stomach 1s beheved to
be more vulnertble than the duodenum to the augmented gastric phtse of
secretion because of the differences in emptying time between duodenal
nd gastric ulcer In recent years this author has found 1t helpful to take
nto consideration the demonstrited presence of gastric retention 1s one of
the indices favoning the dirgnosis of 1 bengn and high hang gastric ulcer
when other enitera do not definitely settle this question

THE INTESTINAL PHASE OF GASTRIC SECRETION
This phase my contnbute to or cause duodenl ulcer de novo but the

mechamsms are 1ll defined and i need of further clmical study The ex

Penmental dita which are avulable e nlso difficult to reproduce or to
interpret
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creased secretion of 1aid ¢, stric juice Hence the more fundimental prob
lem hypothalamic stimulation m1y eventually prove to be the one to
which our therapeutic rcgimen should be directed Presumably f the
stimuli were elimmatcd or subject to control ulcers 1 most patients could
be cured or prevented by this approach

THE GASTRIC OR ANTRAL SLCRETORY PHASE

This phase 1s distinct and largely mndependent of the vagal or cephilic
mfluence The gistric phase ordinnly 1s stimulated by antral distention
and alkaline foods Usunlly the antral stimulus produces 1 lesser rise m
aaid secretion than that of vagrl stmulation but under certun circum
stances 1ts sceretory response miy cquil or cxceed that usually cncoun
tered when hypersecrction 1s of v igal or cephalic ongin the antril scere
tory response m1y dominite The humoral rele e of gastrin 1s well sup
ported both by chnical and experimental observations

Thus the effector mechantsm m antrl stimulttion 1s humoral mstead of
nenvous This agent gistrn has not been rdenufied chemically nor s its
origm known Many consider 1t to be 1 hormone If this proves to be the
cise 1ts glandulir source remans to be estiblished Its aetion 1s not other
wise i conflict with the hormonal concept but until this fict 1s estaib
lished the lcss precise term of 1 humoral 1gent seems preferable Re
gardless of 1ts nature gistnn 1s 50 mtimately ssocated with the mtrum
and the release of gistrin 1s so easily demonstrited 1n response to antril
chistention o1 the presence of alkwline proteins 1n contict with the mucos it
surface of the ntrum that its existence and importance to the reguliting
mechanisms of gastne sceretion cwnnot be senously questioned

In a sense gastrm mny serve to supplement the regulition of the cc
philic phase of gastric sceretion under normal conditions Since the mees
tion of food distends the stomich especially the antrum activatmg the
gastrin mechamism 1t m1y very well t1ke over much of the cephahie func
tion when 1t cimimshes fter the ppetite 15 sitisfied These relationship
are worthy of further study which myy be expected to vicld informatine
daty
Antrectomy s a surgic1l procedure for the tre atment of duodenal ulcer
has failed becwse of the continued function of the cephil ¢ phase nd
more especially becausc the vast myonty of partetal cells remmun intact
The tendency m recent years for many surgeons his been to combine
antrectomy with vagotomy In this wv less of the stomich s removed nd
both the antral and cephahic phases of secretion are lrgely abolished
Vagotomy with antrectomy ( hemigastrectomy ) has danc much to reduce
the mortality of lngh subtotal gastric resection s well as to mahe effectnve
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The Influcnce of Physiology on Ulcer Treatm~nt

SPECIAL TYPES OF PFPTIC ULCER

In stress uleer” n the Zollinger Lilison non tmsulin producimg aslet eclt
tumars of the pancrens 1n ulcer assoaited with parathyroid or adrenal
adenomati mn steroid mduced nleers 1n Curling s ulecr and that desenibed
by Cushing the mediating stimul may be different from those of chronic
peptic ulcer It therefore seems better that these forms of ulcer be consid

ered separitely Most of them are acute peptic ulcerations generatly they
are duodenal though not infrequently they are gastnc Despite the ap

parent benefit of 1 umtanan view 1 relaton to pathogenesis of peptic
uleer this desire should not obscure the possibihity that both the patho

logic and phvsiologic mechamsms 1 acute peptic ulceration may be dif

ferent from those of the chrame ulcer—the Intter being the central theme
of this volume

PHYSIOLOGY IN PFPTIC ULCER IN RELATION TO
SPECIFIC FORMS OF THERAPY

MO\ SURGICAL TREATMENT OF CHRONIC DUODENAL ULCER

At present medic1l manigcment and surgical procedures ahke can only
be duccted at the penpheral gastne secretory mechamsms While satis
factory medienl and surgical methods for the control of gastne aadity
the treatment of peptic uleer are well estiblished substantial progress has
not been achieved 1n the more fundamental aspects of stimulated gastnc
secrehon particularly 1n the ehuminition of extraneous stumuh favoring
hypersecretion when of cephalicongin Until such time that the ulcer prob
lem can be attacked vt levels more basie than now possible we must be
content to treat the sccretory mechimsms vigorously—the stimulited me
chanics that crente mcresed gastne secretion and 1adity In other words
Present therapy 1s durected prumanly 1t the physiologic sequela and not
the phy swologie stimulus

The vanetv of methods for the medical management of peptic ulcer
“Hest to some degree of scientific uncertunty Nonetheless most of these
yeld sansfactory results when properly applied Careful attention to
Minute details and the vigorous ¢nforcement of the chosen therapeutic
regimen are essential to the success of these progrims The willingness of
the physician to modify Tus it program m £xvor of nother should
occasion demand 15 also of theripeutic importance

In punuple three features are generally incorporated mto the conserv
*ive forms of management of duodenal uleer cunently in use Foremost
s the neutralization of Lastne 1adity by the frequent admimistration of
alkaline medicat such as are employed 1 the classical Sippy regime
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THL INCREASED NUMBER OF PARIETAL CLLLS

Receent reports from several laboratories claum that the number of 1erd
produeing parietal cells 1s merensed i patients with duodennl uleer
this constitutes nother explanation for the mereiscd rad gstrie Juice
Those reporting this obseryation contend that st 1s not necessary to postu
Inte cephalic sttmulation m duodenal ulcer Rather they say smce there
1s 1 greater number of panetal cells to respond to the vigus nerve m 1
normnl state of tonus the increase m acid gastric juce which thes= cclls
are able to 1dd 1s sufficient to account for the increased yvolume of secre
tion s well s the mcrease n the quantity of ac1d observed in patients
with duodenal ulcer Stated otherwise hvpersecretion of crd gastne jmce
ecording to this concept 1s a quantitatine phenomenon the more cells
the more acid secreted

Although this thesis 1s not incompatible with the observed benefits of
vagotomy on gastric secretton this suggestion does not ccount for the
increase 1n free acid concentration of the gastnic juice of patients with
duodenal uleer An mncrease n the total quantity of acid produced aceord
ing to this theory 15 to be expected 1f the parietal cell incrcase 15 functionl
and therefore mmportant to the regulation of gastric secretion m patients
with duodenal ulcer Unless there 1s little or no increisc mn the volume of
gastric Juice secreted by these extrt cells this thesis will not nccount for
the increased concentration of free aad the feature of gastrie seerctory
phystology thitis almost umversally observed m the duodenal ulcer patient
(chaps 1 2 3 and 4) Further there ts umple evidence that vl simu
Intion by the msulm test increases the quantity of 1cid to 2 gieter extent
than the nise in volume of the ynce secreted Sumilwly many of the elssic
expertments th it praduce peptic ulcer in dogs generally disclose the autput
of 1c1d to exceed that of volume hence the concentrition of aad usully
1s noticenbly mcreased If however the panetal cells are producing rad
and the mucous wnd chief cells are not commensurately mereased then
concentration of acid should nise for this reason lone

This criique however 1s not mtended to contradict the reported
creased numbers of panetal cells in duodenal ulcer pitients but simply
to pomt out that hy perplasia” of panictal cells without other chnges does
not explun the well established increased concentration of free 1d that
charactertzes gastnie secretion n these patieats In truth the theory of
petal cell hyperplasiais not meomp tible with the well established re
duction m free erd output following vagotomy

Fimlly the question of why there 1s an increise 1n pirrctal eddls m
duoden] ulcer patients needs an nswer Is this a response to v purton
of the vagus nenves or does 1t oceur for somc other reason?
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often recognized the relicf of gistric stisis llowed more effectve ad
mimstration of oral medications How much of the benefit clumed by
some for gistrocnterostomy w s in reahity due to more effective subsequent
medical mnagement was never satisfactonly established In spite of ats
two potentiil benefits recurrence rates of 30-42 per eent led to the ab
doument of routine gastroenterostomy shortly after 1930

Autral cxcluson operations were nlso tested These were devised as
simple procedures to evelude rerd from the duodenum and to permit the
cdlosure of the distal end of the stomach with greater ease wnd safety
thereby avoiding the much drerded blown out  duodenal stump that
some had experienced when gastric resections were carmed just distal to
the pylorus However the adverse sigmficance of the retrograde flow of
flmd anto the duodneum i1 the provimal hmb of the jejunostomy md
from there ito the occluded ntrum was not apprecrited The wtral dis
tention this created provided the stmulus necessary for the selease of
gastrtn aside from the madequacy to the rescction atself This operation
tended to 2dd to the hypersecretory mechamsm of cephalic ongn that of
the distended antrum Agam the rite of recurrence was higher than could
be ustified and procedures of this type were generally discontinued

Higher gastric rescchian was the only remuming surgscal pmcedure
that seemed rational in the md 19305 A vanety of surgieal methods to
achieve hgh resection were advoctred to ablite greater portions of the
20 secreting fundic and cardiac segments of the stomich The results
were gratifying For the first ¢ me recurrence rates of 10 per cent ar
shghtly less were reported Most agreed that at least a 75 per cent resec
tron of the stomach w1 necessry to achieve this kind of benefit The ngh
subtota] resection continues to enjoy populanty m many centers today
though the technical aspects may differ considerably from one surgeon to
another

The disadvantages of subtotal gastrectomy werc untl recently ob
scured by the enthusiasm for the benefits 1t wheved The necessity for
Some patients to eat more frequently and the fulure of most to regamn
their normal weight were mdeed small prices to pay for sharp reduction
 the recurrence rate constdenng the many earlier procedures thit failed

¢ dumpmg syndrome too guned httle attenton untl recent yews
Here agun dumpimg was not often so severe 1s to be disabling or danger
0us compared to the stmlar risks entailed by recurrence especially when
complicated by gastroenterocolic fistult or stomal ulceration

Transthoracte e y was duced by Dragstedt in 1943 for the
Purpose of abhting the effect of the cephalic phase of gustric secretron
without resorting to resection His chorce of the transthoricre route wrs
to make as certain <5 possible that complete division of both vagr ws
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The second 15 directed toward the reduction of gastric secretion bella
donnn nd other drugs with atropme Iike action have accomplished much
to reduce gastnic aeadity s well as to lessen mtestmal motility These “antu
secretory drugs have improved considerably the results obtuned when
neutralrzation of gastric nadity was the only antacid measure employed
Thurd 15 the protection of the patient from extrineous stmul to the extent
this may be possible The patient s environmental situation plys an m
portant contnibuting role in this mstance Aside from what my be 1
complished by assisting lum to reorganize hus habits Ins work diet and
stmilar problems the wise use of mld sedttion may be helpful by mcrens
g his threshold to some of the distressful external sttmuli to whie he
may be exposed

In general there 15 good acceptince of these threc therpentic pnn
ciples any disagreement which mty nse usually centers bout differ
ences of opinion as to how best to achieve these goals Fortunately there
15 considerable latitude and overlap in most forms of uleer theripy m
cluding surgical management Thus the results obtuned 1n one sertes of
patients often can be matched by anothers retsonable therapeutic pro
gram assummng each progrim has in common the careful attention of the
physician to detuls and the co operative attitude on the part of the pa
tients comprising the two sertes As with many chronie diseases recurrences
wre not uncommon but 1n themseh es do not constitute resons for change
or for surgical tre1tment

SURGICAL THERAPY FOR PEPTIC ULCER

Assummg the standard accepted indications prevail surgery has under
gone much greater change dunng the past sixty years than the programs
of medical therapy This 15 partly due to mmprovement m technical skill
and partly because there 15 better understanding about what to expect 1
specific operation to accomphsh There continue to be henest differences
of opmon which cannot esily be examimed on common grounds of ex
penence or of previous ortentation wd training

Partial gastrie resection for duodenal uleer began prior to the turn
of this century at 1 time when surgical procedures of this type carned
too high a mortality rite to permt the extent of resection that we now
Lnow to be essental for curative relief The result wis an carly com
promise small resections were performed which cirried less nish but
which mevitably led to an mtoleribly lugh rite of recurrence

Gastroenterostomy without rescction evolved becwse of its sim
phaty and lower mortality It provided adequate dramge if stenosis was
present and thus reduced to some extent the hypersecretory gastnc phasc
caused by antral distention This procedure had another potential ment not
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often recogmzed the rebef of grstne stasis llowed more effective ad
munntration of oril mediertions How much of the benchit cbumed by
same for gastroenterostoms w 1s 10 suality due to more effectne subsequent
medical management was never swisfactons estiblished In smte of ats
two potentra} benefits recusrence rates of 9042 per cent ked to the abw
donment of rontine ¢ ystroentesostomy shortly tfter 1930

Antralexelusion operations were also tested These were devised as
simple procedures to exclude aad from the duodenum and to permit the
closure of the distil end of the stomach with greater ease and safety
thereby wording the much dreaded “blown out  duodenal stump that
some hnd expenenced when gastne rescctions were carried Just distal to
the pylorus However the adverse siguficince of the retrogride flow of
fud 1nto the duodncum via the proumal hmb of the jepmostoms ind
from there 1ta the acclnded witrum was not pprecinted The ntral dis
tention thts created provided the stimulus necessiry for the relewe of
gastrm aside from the wdequacy to the resection atself This operation
tended to add to the hypersecrctors mechtmsm of cephilic onygin that of
the distended antrum Agun the rate of recurrence was higher than could
be justified and procedures of this type were gencrally disconhinued

Higher gasinic resection wis the only remmmung surgical procedure
that seemed sational m the mid 19305 A variety of surgieal methods to
achieve Iugh resection were voeted ta ablite greater portions of the
acd secretmng fundic and crdiac segments of the stomich The results
were gratfymg For the first tune recurrence rates of 10 per cent or
shahtly less were reported \fost agreed that at lewst 1 75 per cent resec
tion of the stamach wns necessary to achieve this hnd of benefit The hugh
subtotal 1on cont to enjoy populanty m many centers today
though the technical spects may differ considerably from onc surgeon to
another

The disadhantages of subtotal gstrectomy were untrd recently ob
scured by the enthusiism for the benefits 1t achieved The necessity for
some patients to eat more frequently and the fulure of most to regam
their narmal weight were indeed sml} prices to pay for sharp reduction
0 the recurrence rate considening the many earher procedures that futed
The dumping syndrome too gamed little attention unuil recent years
Here again dumping was not often so sev ere a5 to be disabling or danger
9us ecompared to the simslar nsks entailed by recirrrence especially when
complicated by gastroenterocolic fistult or stomal ulccratron

Trana £ y was duced by D dt 1 1943 for the
Purpose of ablitiag the effect of the cephalic phase of yastne secretion
Without resorting to resection His choice of the transthorieic route wis
% make 15 certun as possible that complete divistion of both vagi was
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accomplished This was readhly demonstrited 1n most vagotomy p1tients
whose secretory response to the Hollander msulin procedure was pro
foundly reduced compared with therr preoperitive responses which
served as controls Failures were generally attnbuted to mcompleteness of
vagotomy which led to re cxploration The second operation was via the
less favored transabdommnnl route since the previous trnsthoricic pro
cedure usunlly resulted m scarring such that identity of the vagt by
re exploration through the chest was difficult and uncertun

Re diviston of the vagi transabdommally proved techrueally to be more
readily feasible than ongmally beheved Further the freemg up of the
esophagus from the diaphi igmatic hintus from below allowed the esoph
agus to be pulled down rexdily often the site of the transthoricic vagot
omy could be mspected with exse \oreover the trinsabdommal approich
provided the opportumty to examme the stomach ind duodenum as well
s the ulcer bed itself

Disappointingly however the sccond 1 igotomy (trinsabdomml) did
not often reduce gistric acidity 1mong many of the pitients considered as
transthoricic failures 4t least not to the extent that seemed resonible to
expect Several possible explaations were exammed In 2 few pitents
Iarge branches of undivided vagal nerves were found it the second opert
tion and these were the pitients who wcre benefited most often by re
exploration

Because of the disturbance m gastric motihty followng v wotomy alone
transient gastric retention was the rule Belching tnd diarrhex were com
mon and trymg complunts duning these early years After 1 few months
however these sequeln usurlly subsided symptomatically Occastonally
gastroenterostomy was necessary 1s 1 later procedure However to creatc
2 dramage procedure as 1 routine dunng the early stages of ths study
would have made difficult if not impossible an evaluation of the effect of
vagotomy on gastnie secretion and 1ts curative effects upon duodeml uleer

Once these pomts were satisfactonly settled two changes n operitine
techmc were mtroduced G istroenterostomy became t routine part of the
mtial vigotomy nd the transabdomnil pproich was adopted abwn
doming the trinsthoracic approach The results continned to approach those
of hagh subtotal gstrectomy with 10 per cent or shghtly lower recurrcnce
rate within five years Mortihity ind morbudity have generilly been higher
for resection than for vagotomy recurrence rate muy be shightly Jess for
Ingh resection than for v igotorm

PHYSIOLOGIC BASIS OF GASTRIC ULCER

In 1949 the first patient to undergo vagotomy for duodenal ulcer (19431
and m whom the msulin test hd remuned negative developed a4 hemen
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gastric ulcer Becuse of frequently performed interval stucies 1t was
hnown that this patient suffercd gastnie distention though the patient
himself w1s symptomatically unws wre of this phenomenon The work of
Edlms 1 1906 on the gistnn mechanism and the antral hy persecretory
phise of gastrie secrction was recalled and reviewed to determine whether
antrl function could hive contnbuted to the formation of gastrie uleer
m this patient This pabient and Iis gastric uleer thus served as the spring
bowrd for the runvestiy ion of the relation of the gistne antrum to the
physiclogy of gustrie sccretton Asnide from confirming Edhins work
knowledge 1bout antral function and its stimulation w1s greathy extended
by Dragstedt and Iis associates both in the Tboratory and 1 studies on
patients The outcome w s thit Dragstedt was 1ble to account not only
for one of the causes of yagotomsy fulure but also to pomnt out 4 sigmificunt
hfference between the pithogenesis of duodenal ind gastric ulcer

The choice betwcen vagotomy with gistroentcrostomy and subtotal
gustne resection for the surgreil treitment of uleer remuns m contro
versy conditioned Trgely upon the surgeon's expencnce and his previous
tramng However the wdvent of v 1gotomy served 1 purpose greater thin
1ts lherapcuhc benefits It wouscd an intense interest m gastric secretory
physiology mong phystciins 1nd surgeons ahke The mmportance nd
signficance of the work of Pnlov of Herdenhan and of Edhins 1o this
field have subsequently become well known to most climaans engaged m
gstroenterology

The chinical man 1gement of duodenil uleer during the past decade has
been extensively modified espeenlly ats surgical management The fall
ures of gastroenterostomy of hemigstrectomy and of the antra excluston
operations for duodenal ulcer nre no longer merely empine 4s the data
accumulate they are more reidily understood Many surgeons who con
tinue to choose rescction combune this procedure with vigotomy tnd
thereby are ble to perform less severe rescction Many others clect vagot

Ognyhalone with cither gastroenterostomy or pvloropl sty s the operition
ot choce

PHYSIOLOGIC T\PACT ON UICER THERAPY

While we m7y dependibly expect further changes 1n the mnigement of
duodenal and gastric uleer as newer knowledge becomes av ulable we
may well ask even now how best we can proceed with the wformation 1t
hand Perhaps the most difficult t1sh 15 the simplest one namely to reahize
that Peptic uleer 15 1 dynymic disease with a great tendency to wax wnd
Wane Eqch patient 1s a rule unto himself he will respond best if the
Physician or surgeon tulors the treatment to meet 1pparent needs and 1s
guded also by the response of the ndinidual pient This 1s the kind of
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accomphshed This was readily demonstrated 1n most vagotomy patients
whose secretory response to the Hollander msulin procedure was pro
foundly reduced compared with their preoperitive responses which
served as controls Faulures were generally attnbuted to incompleteness of
vagotomy which led to re explorition The second operation was w11 the
less favored transabdomnl route since the previous trinsthornicie pro
cedure usually resulted n scarnng such that 1dentity of the vagt by 2
re explorttion through the chest wis difficult and uncertun

Re division of the vagt transabdommnlly proved techmenlly to be more
readily feasible than onginilly believed Further the freemg up of the
esophagus from the diaphrigmatic hiatus from below allowed the esoph
1gus to be pulled down rexdily often the site of the trwnsthoracie vigot
omy could be nspected with exse Moreover the transthdominal approach
provided the opportumty to examie the stomach ind duodenum 1s well
as the ulcer bed tself

Disappointingly however the second vigotomy (trinsibdomml) did
not often reduce gastric 1erdity Among many of the pitents considered s
transthoracie fulures at Ieast not to the extent that seemed resonible to
expect Several possible explanations were exammed In 1 few pitients
Inrge branches of undivided v 1gl nerves were found 1t the second opera
tion wnd these were the patients who were bencfited most often by 1c
exploration

Because of the distmbance in gastric motihity following v \gotomy alone
transient gastric retention was the rule Belching wnd diarrhe 1 were com
mon nd trymg complaints dunng these early years After 1 few months
however these sequela usually subsided symptomitically Occisionally
gastroenterostomy was necessary as 1 later procedure Howcver to crette
4 drawmage procedure 1s \ routine durmg the erly stiges of this study
would have made difficult 1f not impossible an ev 1luation of the effect of
vagotomy on gastric secrction and its curative effects upon duodennl ulcer

Once these pomnts were sabisfactonly settled two changes m operitne
techme were introduced Castroenterostomy became 2 routine part of the
mitinl vagotomy nd the trinsabdommal 1pproach was adopted abwn
donmg the transthorcic ypproach The results contmucd to approach those
of mgh subtotal gstrectomy with 10 per cent or shyhtly Jower recurrcnce
rate within five yerrs Mortality ind morbidity have generally been hather
for resection than for vigotomv recurrence rite mu be shghtly less for
high resection than for vagotomv

PHISIOLOGIC BASIS OF GASTRIC ULCER

In 1949 the first patient to undergo vagotomy for duodenal ulecr (1943)
and i whom the msulin test had remuned negative developed 1 bemgn
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m the fundus of the stomach ind covcred with omentum 1 hehese that duodenal
ulcers are due to 1 hn persecretion of gastric jutce n the empty stomach depend
ent upon excessne wnd bnormal secretory impulses in the vagus nerves These
mturn Ihelieve are m some wav aroused by the tenstons and stran of modern
Ife T would feel greatly relicsed dunng the first five dws after the operation
when my stomach w 1s bemng decompressed by the g strostomy tube 1f the output
of free vcrd in each twelve hour aspirate was less than 10 or 15 mEq 1 would
feel stll better 1f on the tenth duw after the operition the amount of aid 1 my
twelve hour nocturn i} secrction w1 less than 15 mEq I would then have the
tube removed 1f my stomich was now emptying satisfactonly

Dwould hive my nocturnil gastnic secretion mesured rgun at the end of six
months and also after 1vewr puticululy of any uleer svmptoms persisted If the
nocturnal secretion was still wathim norm 1l limits and the stomrch emptymng sttis
factorilv T would be comforted m the thought that i 1l probbility T was now
cured of my disease If however Ihad A recurrence of ulcer svmptoms and my
own expentence his indicated that this 1s usually due to an incomplete vagotomy
9r to an midequte dranage operition I should resume medical management
Sometimes medic ] treatment thit w 1s madequate at first becomes suffcient after
an incomplete  1gotoms  indiciting that some good was rccomphished by the
operttion If however medical tre itment agam proved madequate and further
surgery was required 1 would now choose to have 1 two thirds gastnie resection
with reconstruction of m gastromtestnal trict by the Billroth IT operation

I 1 had gastric ulcer mv choice of theripy would be quite diferent because
T'am convinced thit these lestons are usually due to 1 hypersecretion of gastric
Juice of humoral or hormonal ongin nd the possibility of mahgnancy would
effect all deaisions I would phice myself in the hinds agun of a competent
intemist and I would be considerbly relieved 1f after his careful studs and
Buoroscopie possibly supph 1 by 2 short penod of medical
management he concluded that my ulcer was bemgn I would be still further
relieved 1f exfohatne cvtology farled to reveal the presence of mahignant cells
Tam uncertam as to whether or not I would subject myself to a gastroscopic
examination If after a period of three or four months of medical management
Iwas still not free of symptoms my anxtets would return that the lesion might
be a careinoma I the ulcer 15 located m the lower half of the stomnch I would
elect to hue a subtotal gstrie resection with reconstruction by the Billroth I
method 1f possible 1f syl 1 of the leston ind d that 1t was

enign 1 would feel greatly relieved since the development of mirgmal ulcer
after vesection cf (he lower part of the stomach for gastric ulcer 1s very rare If
€ ammation proved the lesion to be a carcinoma I would realize that something
lthough perhaps not very much had been done for me i the way of therapy

I the ulcer 15 1n the upper half of the stomach and within a centimeter or two of
€0phagus the problem 15 quite different At operttion I would request the sur
Beon to open my stomach and inspect the lesion if at all possible I should ke
him to palpate the ulcer with hus bare finger and tike 2 biopss of a suspicious
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judgment that 1s difficult to translite mto words because successful treat
ment does depend upon full use of all 1y ulible knowledge wnd tempered
experience

Since this volume 15 dedicated to Dr Lester R Dragstedt and prepared
without hus prior knowledge by the Surgical Staff hus wssociates nd his
former students 1t the University of Chicigo 1t seems ppropraate to re
print the followng tract i which s own viewss on the dynamic manage
ment of peptic ulcer re clenrly stated It emphasizes the need for con
sideration of the totahity of the ulcer problem n paticnts with peptic ulcer
disewse

WHAT WOULD I DO IF I HAD AN ULCER®™®
BY LESTER R DRAGSTEDT M D

Sometimes 1t 15 of value for 1 surgeon to ask himself just whit he would do if he
had the lesion that he has found m lus pitient ind had avulible medical nd sur
gical cre of the s1me competence Some reflection on this problem his prompted
me to wnte this comment

If T had a dvodentl uleer I would place myself in the hands of a competent m
ternist preferably one with 1 special mterest m gistromtestinil diseases I would
follow his prescribed management ind exercse 1l of the self disciphine 1 this
connection that I could muster If he did not mike quantititive measusements
of my fasting nocturnal gastric secretion 1 would request that this deterrmnation
be done If I discovered thit my stomach secreted m excess of 75 mEq of free
hvdrochlone acd 1n a twelve hour period s comp ired with the normnl 15 to 20
I would conclude that my problem w1s 1 serous one and thit mediea] manige
ment might well prove inndequate If my physictin did not preseribe neutril
1zation therapy during the mght I believe that T would sct my Jrm clock to
awahen me at the period of mavimum secretion when I would partake of a mix
ture of milk and cream with some cilaum cwbonate I would continue with
medical management for At least @ vear unless some serious complicition de
veloped If 1t the end of this me I found that I was still hindicapped by m
disease was less efficient in my work nd had to deny myself too much of the
pleasures of life Twould then seek surgical treitment Since it 1s mv own stomach
that we are considerng now 1 would select first that tpe of surgen which
camned the least hazard savolved the loist mutilion and still provided @ gond
chance to be free of my disewse 1 sould choose to have 1 supradiiphrigmatic
\agotomy by the abdeminal route combined with the posterior gistroenterostoms
with 2 stoma not lirger than two centimeters 1 diimeter wnd located within
seven centimeters of the pvlorus T would beg the surgeon to make 1 metreulous
dissection of the Jower tho inches of my esophagus in i effort to mhe sure that
allvagus fibers were divided T would 1lso request lim to decompress ms stom wh
for the first five dvs after the operition by me s of a gastrostoms tube placed

Reprated from  Excurpty Medica Section I\ sargery Vol 16 November 1956
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m the fundus of the stom ich and covered with omentum  1beheve that duodenal
ulcers are due to 1 hypersceretion of gistne jutce m the empty stomach depend
ent upon excessive nd thnormil secretory impulses i the vagus nenes These
mtum Ibeheve are i some wan 1roused by the tensions and stram of modern
Ife [ would feel greth relieved dunng the first five duys nfter the operatton
when my stomach w 1s bemg decompressed by the gstrostomy tube 1f the output
of free acid m exch twelve hour aspirate was less than 10 or 15 mEq I would
fecl stall better 1f on the tenth day After the operation the tmount of 1aid 1 my
twele hour nocturnal secretion w s less thin 15 mEq 1 would then have the
tube removed 1f my stomich was now emptying sitisfactonly

1would hnve my nocturnil gastnic secretion mesured gun at the end of src
months and also after v vear particularhy of amy uleer ssmptoms persisted If the
nocturnal secretion w as still w1thin norm 1l hmits and the stomach emptymg satis
factonly 1 would be comforted m the thought thit in Al probabilits I was now
cured of my discase If however Ihid - recurrence of uleer svmptoms and my
own expenence his indicated that this 1s usuilly due to an complete vagotomy
or to wn midequite dramage opertion I should resume medical mnagement
Sometsmes medicl trewtment tht was madequ te at first becornes sufficient after
an mcomplete 3 1gotoms  indicating that some good was accomplished by the
eperihion If however medicr] tre itment 1gamn proved sndequate nd further
surgers was required 1 would now choose to have 1 two thirds gastne resection
with r of m 1 tract by the Bullroth II operation

J1had a gastric ulcer my choice of theripy would be quite different because
Tam cominced that these lesions 1re usually due to a hvpersecretion of gastnic
Jutce of humoral or hormonal ongm and the posstbibty of maligniney would
effect all deasstons 1 would place myself 1n the hands agam of a competent
mternist and I would be considerably reheved if after lus careful studs and
i pic examination posstbly supph 1 by a short penod of medical
management he concluded that my uleer was bemgn I would be stil further
relieved 1f exfohatiye cviology failed to reveal the presence of mahgnant cells
I'am uncertan as to whether or not I would subject myself to a gastroscopic
¢Xammation If after a period of three or four months of medical management
Ewas stil not free of symptoms my anxety would return that the lesion might

¢ a caremoma If the ulcer 1s located m the lower half of the stomach I would
dlect to have a subtotal gistric resection with reconstruction by the Billroth 1
method 1f possible If sub 7 of the leston ind; d that it was
benign I would feel greutly relieved since the development of margmal ulcer
after resection of the fower part of the stomach for gastric ulcer 1s very rare If
#ammation prosed the lesion to be a careinoma I would realize that something
Athough p thaps not very much had been done for me 1n the way of therapy

I the ulcer 15 1n the upper half of the stomach and within a centimeter or two of
sophagus the problem 1s quite different At operation I would request the sur
£eon to open my stomach and mspect the lesion 1f at all possible I should hke
hm to palpate the ulcer with s bare finger and take a bops of & suspicious
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nodulir arer In the absence of histological proof that the ulcer 15 2 carcinoma
I would not wish to huve 1 cancer operation which 1 this c1se would mean a
tot1l gsticetomy probably with 1 hyprethor 1cotomy meision Such 1 operation
1s too hazardous nd the morb dits too gret for non mahgnant disese A removal
of the imntrum of the stomch Jenving the ulcer in situ would remove the humoril
phasc of secietion ind m all probability permit the ulcer to hexl The evpenence
w th the Kelling Madicner pracedure his been most reassuning and phsiological
studies support this behef
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nodular wrer In the absence of histologic1l proof that the ulcer 1s @ caretmom
I would not wish to have a cancer operation which in this ¢1sc would mean a
total gastrectomy probbly with 1 liparothor icotomy mcision Such an operation
15 too hazardous and the morb ditv tao great for non milignant disese A removal
of the antrum of the stomach leaving the uleer 1n situ would remove the humoral
phase of secretion nd i all probibulity permit the ulcer to heal The expenence
w th the helling Madlener procedure his been most ressunng, wd physologiei
studies support this belef






