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THE ESSEN-CE of the surgical treatment of
duodenal ulceration is adequate reduction
of gastric hypersecretion. The extent of
reduction that may be achieved by vari-
ous procedures is summarized in Table 1.
The combination of antrectomy and

vagotomv as the most effective method of
reduction of secretion has a sound physio-
logic basis in that it removes both the
neural and hormonal stimuli for such se-
cretion. Other advantages of this opera-
tion include:

1. A large part of the stomach is re-
tained, permitting a good food intake,
without serious postcibal symptoms.

2. Duodenal continuity can usually be
maintained. This is essential for maximal
absorption.'

3. Ulcer recurrence, as well as the other
sequelae of gastrectomy, are minimal.

4. Duodenal inhibitor mechanisms are
retained, at least in part.
Although not all surgeons believe that
antrectomy and vagotomy is universally in-
dicated, all would agree with the criteria
to be observed if the antrum is retained-
it should be denervated, remain in the
food stream, and be free from stasis.23
The problem of antrectomy involves

recognition and accurate definition of the
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antruin. The ulcerogenic nature of retained
antral tissue is well recognized and has
been stressed by Harrison et al.1- Pe Thein
and Schofield 27 demonstrated in dogs that
only a small part of the antrum need be
retained to maintain the hormonal phase
of gastric secretion. All surgeons are fa-
miliar with the large increase in recurrent
ulceration (up to 20-30%/c) that may follow
Polya gastrectomy if a small piece of antral
tissue is included inadvertently in the duo-
denal stump, where it may be bathed con-
stantly in alkaline secretion. Antral tissue
may also be left in the gastric remnant
after gastrectomy 8, 22 and may determine
the site of further ulceration.

Review of Literature
There are several considerations relevant

to the size and features of the gastric
antrum.
Anatomic. The descriptions in the classi-

cal anatomic works-Gray,13 Cunning-
ham,7 Last,18 Callander 5-merely indicate
its location in the distal part of the stomach
and are of little surgical application.

Macroscopic Appearance of Mucosa. In
complete contrast to postmortem speci-
mens, the antrum in life is covered by flat
mucosa, whereas that of the fundus is
rugose. Landboe-Christensen 17 compared
the visible antrofundic junction with histo-
logic studies and found approximate co-
incidence. Antral mucosa extended along
43.7 to 56.3 per cent of the lesser curvature
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TABLE 1. Extent of Reduction of Gastric Secretion
A chieved by Various Surgical Procedures

Operation % Reduction

Partial gastrectomy 50-90 (variable)
Vagotomy 65
Antrectomy 65
Vagotomy plus antrectomy 95

and 15 to 16 per cent of the greater curva-
ture. Dean and Mason 8 found good corre-
lation between the naked-eye junction and
histologic confirmation. The special points
to be noted are the irregularity of the line
of the antrofundic junction and the pres-
ence of a wide border zone. Using the
special technic of pH monitoring (vide
infra), we have found naked-eye assess-

TABLE 2. Summary of Sutrgical Procedures
for Antrectorny

Authors Scope of Resection

1. Farmer and Smith-
wick10 (1952)

2. Sauvage et al.28
(1953)

3. addell and Bart-
lett2' (1957)

4. Edwards and Herr-
ington9 (1957)

5. WXelbourn and
Johnston3
(1961)

6. Palumbo et al.26
(1962)

7. Griffith et al.14
(1963)

8. Nyhus et al.23
(1963)

9. Goligher et al.'2
(1964)

10. Tanner29 (1964)

1 1. Oberhelman24
(1964)

Hemigastrectomy

40%'- distal gastrectomy

Hemigastrectomv

Hemigastrectomv demarcated
by 50%0 of less curvature
and greater curvature

Distal gastrectomy demar-
cated by? 50%C of lesser
curvature and 33c of

greater curvature

Distal 25%- gastrectomv

Hemigastrectomy

Hemigastrectomy-all lesser
curvature plus 2 cm. of duo-
denum

Distal gastrectomy-50%,>/o or

33%co
Distal gastrectomy-45%0

lesser curvature and 12%
greater curvature

Distal gastrectomy-40%
lesser curvature and 13%
greater curvature
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ment of the antrofundic junction to be in-
accurate (Fig. 1).

Histologic Studies. Detailed studies of
this type constitute the most fundamental
observations to date. Magnus 20 demon-
strated the great variations in the area of
antral mucosa and indicated that it could
extend almost to the cardia, especially in
patients with gastric ulcer. Oi et al.25 in
Japan reported that antral mucosa extends
more than 10 cm. from the pylorus in
22 per cent of patients, reaching almost
to the cardia in 10 per cent. Dean and
Mason,8 using similar technics to those of
Magnus,20 found antral mucosa extending
about 9 cm. from the pylorus along the
lesser curvature and 7 cm. along the greater
curvature.
With respect to surgery, histologic con-

firmation of removal of all antral mucosa

must be retrospective, but a frozen section
technic at operation, as suggested by Kay,16
may be used to define the antrofundic-
junction with moderate accuracy.

Surgical Considerations. The literature-
reveals a variety of procedures for an-

trectomy. Some of these are summarized
in Table 2. The only point to be observed
here is that these procedures were routine
despite the variations in antral dimensions.
Hemigastrectomy with vagotomy emerged
not so much as a method of doing an-

trectomy but because it was found that
vagotomy with more than 50 per cent
gastric resection was likely to be followed
by unastisfactory results.

Physiologic Considerations. It is evident
that the antrum is more of a physiologic
concept than an anatomic one. The antrum
is best defined as the distal part of the
stomach which contains and releases
gastrin. The mucosa of this part is of
"pyloric type" and the pH is in the neutral
or alkaline range. For antrectomy to be
adequate, this zone must be defined ac--

curately and it also must be shown that
the excised tissue contains all the gastrin-
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secreting mucosa of the stomach. Explora-
tion of these two features was the purpose
of the studies presented here.

Direct Study of Antrum during
Gastric Surgery

In vivo studies in animals have been
made by Bockus,3 Lowicki and Littlefield 19
and Moe et al.21 A preliminary report of
our method in man was published in
1962.6 We have now studied more than
190 cases. It appears to us to be a simple,
quick and accurate method of assessment.

Method. The stomach at operation is
opened with a diathermy knife along the
anterior gastric surface, half way between
the lesser and greater curvatures along a
line starting about 3 cm. from the pylorus
and extending proximally for 7 cm. The
edges are held by sutures and drawn back
over towels until the gastric mucosa is
adequately exposed. Bleeding is usually
controlled by diathermy, but occasionally
catgut sutures are necessary. Hemostasis
is important; blood has buffering capacity
and can alter pH readings.

Pilot Studies. In the initial studies,
methyl orange, and later universal indi-
cator paper, were used, being applied to
the dried mucosal surface. It became ap-
parent that the junction of the antrum
and fundus was a readily defined line with
irregular indentations which was not identi-
cal with the junction of the smooth and
rugose mucosa (Fig. 1). It was easier to
define when histamine was given. It was
our practice after this to give an anti-
histaminic agent (mepyramine malleate,
100 mg. intramuscularly) preoperatively,
followed by histamine acid phosphate
(0.04 mg./Kg. body weight subcutane-
ously), about 20 minutes before the in-
vestigation was made. Flow of acid is so
rapid that constant suction and mopping
are necessary to keep the field dry. It was
also necessary to avoid any trauma which
might cause bleeding of the mucosa. In
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FIG. 1. Antro-fundic junction as monitored by
pH estimation and marked by black line is distal
to the end of rugose mucosa.

a few cases, fluorescine wvas used as an
indicator, 10 ml. of 5 per cent solution
injected intravenously. Fluorescine is de-
stroyed in an acid medium, and under
ultraviolet light the alkaline areas can be
seen clearlv. This method proved to be
too cumbersome for use in the operating
theater and was abandoned.

Present Technic. For the past 2 years
we have used a pH meter with a flat-ended
glass electrode to monitor the alkaline
zone. This can be quickly and accurately
mapped out, marked by diathermy, the
stomach closed and the defined amount of
distal stomach removed to achieve a com-
plete antrectomy. The alkaline area is the
same whether vagotomy is carried out be-
fore or after monitoring. WVe have found
it best to mix 100 mg. mepyramine malle-
ate with 2 mg. of histamine in a total
volume of 10 ml. sterile saline and give
this mixture intravenously at the rate of
5 ml. per hour using a "scolinater." 32 The
injection is begun 20 minutes before ob-
servations are made.

It soon became apparent that the size
of the antrum varied considerably from
person to person. It was decided to investi-
gate this variation. A small esophageal
tube graduated in centimeters is passed
into the stomach and anchored exactly at
the pylorus and also half way down the
lesser curve. The length of the lesser curve,
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FIG. 2. ChIart used for mcastnrin-r the alkaline
area of the live collapsed stomiiachi.

-which vatries between 16 andcl 22 cmll in

the liN-e collapsed stomiach, is measured and

the alkaline arca miarked in black oni a

special chart ( Fig. 2 ) in cmll., fir-st ztlongT

the lesser curvle, tlhenl on the anterior wN-all

(Al, A2, A:3 ), and finally on the posterior
wall (P1. P2, P3). The procedure so far
hcas not lecd to increased imiorbidity-.

Clinical Observations in 130 Cases

No,rm-ial (Fig. 3). It lias niot been pos-

sible to examiniiie more thiain onie "normJal"
case. In this instance (uiastrotomv lbad to
be (lone to remiiove a longy niail which lhadl
l)een swallowed.

Dtodlcal [71(Ulcer ( Fig. 4, 5). The alkaline
area in these cases is ustually normal or

smialler than niormial.

Gastric U'lccr) (Fig. 6, 7 . The alkaline
area is v-ery miuIIchl lar(rer than in the case

of dutio(lellt] tulcer anid may incluide the
w-hole of the lesser cur-e 'with patches of

AnnaJ,, iof >urerv
IFbruarv 1(606

Al Pi r1 r2

GASTROTOMY FOR 2
FOREIGN BODY

F. 3. Alkalime area in a "normal' stom]lachl.

acid mucosa in various (areas. In everv

case the uilcerIwas fotuind in an alkaline
area.

C11h l UlCer[71 (,C Fig. S ). T'iis w-as found
only iin 12 cases buit seemlls to present a field
simliilar to tbat of dtiodenal ilcer.

CGouutbi,c(l Gustric U7lcr (ind1 Dlo(decial
U7lccr' ( Fig. 9). Here the alkaline Larea is
larrger thalnl in duiodenaL.l uilcer but niot so
largle as in grastric uilcer alone.

Ulje-rativc Anttitis (Fig. 10). In 15- cases
a conditioni of subacuite tulceration of the
antuim w-as fouind. These patients pre-

senited wN-ithi a classical hiistory of peptic
IIlceI ullt l)aritm imieal x-ravs aiid external
examination of the stomiaclh were negative.
A (rastrotomiv was done, anid ulcerative
antritis, usuially lheImlorriiagic, wx-as found.
Anitrectomv gave relief of symptoms.

Pilloric Stcnosis. In somiie cases the alka-
line acrea in this conmidition wacls fouind to



V'ARIATION IN SIZE OF THE GASTRIC AN.\HTRN-I

DUODENAL eJ aet 39

ULCER
Ftic;. 4. Alkaline area in duiodenial ulcer.

2

19

e9 - 7
16

J,

Pyl 1* *

p2~
A A A1

2 DUODENAL
ULCERS

FIG. 5. Alkaliine are1 in

21fI 11
A A A1 P. P' P,

GASTRIC ULCER aoet 68

FIG. 6. Alkalinie area in gastric ulcer.

.1

GAT IC CE

3 g aet 31

FIG. 7. Alkaliine area in gastric tlcer.

\Nolunic 1(93
Number 2 285

'I

I ? aet 59

(lulondenal ulcer.

11 s

9

8

6

?I

-1



CAPPER, BUTLER, BUCKLER AND HALLETT

PYLORIC CHANNEL a
ULCER

FiG. 8. Alkaline area in pyloric channel ulcer.
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FiG. 9. Alkaline area in combined gastric ulcer
and duodenal ulcer.

4

]blonw A 1A2 A^1 g P1 P2 Pj

ULCERATIVE a
ANTRITIS

I
aet 62

FIG. 10. Alkaline area in ulcerative antritis.
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FiG. 11. Alkaline area in pyloric stenosis.
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ae area in a case of FIG. 13. Alkaline area in a c-ase of a blealed
efenosis. gastric ulcer.

be extenisive Fig. 11), in others it wN-as

Yioi-ih.al ( Figr. 12 ).
Hcalc(d G(astric U7lcer. A most interesting

observation wvas imade in fouir cases in

w-hiclh the gcastric uilcer lhad healed. Figure
13 is a good examiiple. A 54-year-old man

had a large perforatinlg ulcer abouit 3 years

previously w-hiich had been treated medi-
callv. It w-as decided to operate if there
w\as a recturrence. Symptoms did recur and
oIn gcastrotomv the uilcer scar, w-hiclh w-as
plainly visible oIn the external surface,
was covered by acid-secreting mucosa (ppH
4\), and the aintrofundic line was 1 cm.

distal to it. These findings Nere confirmed
by histologric studiv-fthere w-ere oxvntic
cells in the mulEicosa over the scar. The
scar -was similarly covered by acid muicosa

in the three other cases.

Excise(d [7Ucer (Fig. 14). A 70-year-old
man had had a transthoracic operation
v1.1years previouisly for hiiatal hernia wvhen

aL lesser cturve grastric ilcer was also found.
The uilcer w-vas excised and the gastric
w-ound suitured transversely w-ith fine steel
w-ire. At the second operation for a small
ulcer in the antrumln, the wvire sutture clearly\
mcarked the site of the previous ulcer. It
w-as surrounded and covered by acid epi-

Ulcer in "Alk(ilinie Islainid" (Fig. 15). In
fotur instainces the ulcer was found in an

island of alkaline mucosa surrotunided by
acid mucosa. Mlost of these findings have

been confirmned by histologic examination.
Summary of Results. Table 3 show-s the

size of the alkaline area as measured be-
t-ween A3 and P3 in v-arious pathologic
conditions. Although 190 cases have been
studied the table is confined to 130 cases.

Results of the remainder hav-e been dis-
counted due to possible inaccutracy of the
recordings resulting from acid overflow
and other factors.

\olume 163
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PYLORIC
STENOSIS

FIGC. 12. Normal alkalli
pyloric st
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i

RECURREN T GASTRK
ULCER - AFTER aet 70
WEDGE EXCISION

1Fic;. 14. Alkaliiie alrca io a (cTae (f recutir-
rent (castrie llcerl after wedaie excision show-
iIl(-" Site of pr(violIs 1ulcer.

Gastrin Assay Studies. Wh71jile thle 1JI
monitorinr tests wvere ill protress, an in-
V-esti gatioi was calried oult to chleck the

£rlastrinl cOitenit of the resecteci antra. This
was esseintial cor ollarv to he certaiii
tllhat all tlhe, alstl
r-enimo-ecl. This
elll)rac-ed (castrii-

\vh c-ll thieI alitra

1.11..". (S- CmA.-) ()

ilnl l i?ollxs

I)uodenal uLlcer
(Cannel t(leet-

v\-hlrrc stelnosis

Ga,stric arll (1tio-

dlenal tUlcers
(liast ric tulcer

:iNlle lalred 3 Cilln ell

4I-

Pylo
A

G3

GASTRIC ULCER IN

ALKALINE ISLAND 3 aet 57

1(;. 15. Gastr-ic( ulcer ill a1 alkalitu islaoll.

naked-eve appe.a-rance as wvell aIs in tI]ose

(lefined by pH mliOnitorinl4.
Lari4e serial sec'tionsIof the crastric mu-

cosa wvere made and siujected to an1 ex-

tr'ac'tionl process vieldlin(r an HInpurified, but

iin-c'onltatiniihcr mincosa \N-VIS histamineii-free, extract. The milethiod wN-aIs

)art (If the investigaltion basically that described Blair ut 01.2

1 (.ssal! o(f specimiens ini A techniiic (If assay on tlhe ralt was uised
t] size wxas alssessedl 1b to deleillnstrate the pres(cicot f0 astriil in

the extIraclt andcl t() give ani approximate

I 1/dluinc .tIC,l ((< /isri .0ll/01 Comilparisonl ()f tile gastrill C()Ilte'llt (f tlle
GI!/'il'ij (Coldili,ms 'srial mnucosal sectiOIns.

Pre liminiary sttuldies (If five "visulall-as-No. c.aIeI Stalldaircl ";
ases Area Ran-e I)eviatoa sessedl liltrll indicaited thiatt gastriii wN-as

present inl the wh-ill1e aniltrtium. inl tile distal
64 3 1.( S64 1(1 two thlircls, or oinly in the p\-IOlic oi1c tlir(l.

~-65 .41712)42 1 5 1M , Eighiteen; anitra demleilarc'atedI by tile pfI
12 45.6 32-6() 1o().( iollitoring techIic have beeni subjected to

aIssay, andl ill teni tilere was iairkedl redcuc-
2() (17 .7/ 40) 1 12 2).7 tiOIl ill the gastrini coiitenit of the Im11icosa
jlch Si(ld of lesse r curve. ()n tile fuind(lic side of tile dleiiarcatioll liie

2(SS A\lill 1,41if Surgter
Flhruarv 1966
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(Fig. 16, area C). In eight, only a simall
reduction conlc be demiioinstrated. Four of
these eight, however, wx-ere from patieints
witlh pvloric stenlosis, i.e. with an increased
size of the antrumn. One initerpretation of
this findiing is that as far as gastrin content
is coinc'erined,l the antroftnic( linie may be
ai wvide hborder zone" containing h)oth antral
fn(lfiidic iucosa.
Tlhese sttudies inidicate that naked-eve

assessmiienit of the antruim is uinsatisfactory
anid sutoggest that pH monitoring is a useful
stirgical teclhniic to ensuire ad(lequate re-
moval of antral mutcosa in pattients xv-ith
dtuodeinal ilicer, bl)t withlouit pvloric ste-
1l)OSIS.

Discussion

The xvide variation in anitral size, espe-
cially wh-lien histologic criteria are uised, has
been reported in the literatture. The pres-
enit studlies, based onl ftunctioinal criteria,
coInfirm th1is-especially the difference be-
tween the smiiall aintrulm of duodenal ulcer
aind the large, one of gastric ulcer. In ad-
dlitioni. the irregutlar expansion of the an-
trumni proxim-nally, in patients w-ith pvloric
steniosis following duiodenal ulcer, has been
demnonistrated. It can be stated confidently
that the anitrumi in dutiodenal uilceration,
w-ith recognlized hvpersecretion, is small,
aind mininimal resection is requiired to
achieve adequiate antrectoinv.

Gastric uilcers w-ere observ-ed only in
alkaline zonies (of mucosa or in islands
of alkaline muticosa wN-ithin the fuindic area.
This confirms the histologic observations
of M(agnus. ' \Vhen a( gastric ulcer heals
however, the site may be covered by fuindic
iuilcosa. This corresponds with the clinical
observation that lhealinig of a gastric ulcer
may- be accompanied by an increase in
acid secretioni.

Thlis (o)servation, together with that of
the increase in antral size in pyloric ste-
nosis, suggests that the antroftundic juinction
is not static bhut nay migriate uip and dowN-in
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GASTRIN
CON TENT

TRACE
- N IL

A A Al V '1 '2 '3

MUCOSAL EXTRACT FOR i
GASTRIN ESTIMATKON

FIG. 16. Gastrin coitent of resectecd aintra.

the stomaclh. The cauise of this chlange and
tlhe resuiltant variation in the size of the
aintrtumii aind of the parietal cell mass are
tunkinoxN-n aind needs further stuidv. The
spee(d of suiclh clhange is also unknown
and is uindoubtedlv related to the epitlhelial
turnover rate of gastric m1cosa. On1e quies-
tion emerging from this work is whliether
variation in mucosal type is associated
with a corresponding clhange in gastrin
coIntent. The alkaline area caii be either
norimial antrum )or fundic muitcosa altered
b)v a (rastritis. Differentiation is ofteni diffi-
cuilt histologicallv and, in the final analy-sis,
it may be that it is necessary to determine
the grastrin content of muicosa in order to
reveal its truie ancestry.

Summary
A metlhod of monitoring the pH of gastric

m11ucosa at operation is described. Observa-
tions made on 130 patients are presented.
The alkaline zone shows great variation

ii] size. It is small in patieints wvitl duiodenal
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ulcer and channel ulcer, and is large in pa-
tients with gastric ulcer. Whlen pyloric
stenosis ocecLrs, the alkaline zone increases
in size.

Gastrin assay on the resected alkaline
zone indicates that the pH monitoring sys-
tem is an aid to precise antrectomy in pa-
tients with duodenal ulcer without asso-
ciated stenosis.
When a gastric ulcer heals, the ulcerated

area is covered by oxyntic cells.
Attention is drawn to the necessity of

gastrin assay studies to identify the true
nature and origin of alkaline mucosa in the
stomach.
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